
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.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


