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Several devices are used for long-acting muscarinic

antagonist (LAMA)/long-acting b2 agonist (LABA)

inhalation therapy for chronic obstructive pulmonary

disease (COPD) patients but what is the optimum

device? On the basis of Bayesian network meta-

analysis, all the LAMA/LABA fixed-dose combina-

tions are at present evaluated as having similar

efficacy in terms of forced expiratory volume in 1

second (FEV1).1 However, in recent years, the asso-

ciation between the residual volume and the symp-

toms of COPD has been drawing attention. In Japan,

the devices available for LAMA/LABA are dry-

powder inhalers (DPIs) and soft-mist inhalers (SMIs).

A previous report showed improvements in functional

residual capacity and residual volume (RV) with an

SMI-type LAMA/LABA over the same LABA or

LAMA given as a single agent.2 Other researchers

have reported that the deposition pattern within the

lungs was more peripheral for SMI than for DPI.3

Since April 2015, among 9 patients in our hospital

with COPD who sequentially used 2 kinds of LAMA/

LABA devices, 8 patients (mean age: 77.5 years;

range: 67–87 years; mean pack years: 84.2; range:

33.8–144; all patients were male) initially took DPI-

glycopyrronium plus indacaterol for at least 8 weeks

and then switched to SMI-tiotropium plus olodaterol.

One patient switched from SMI to DPI. Because SMI-

tiotropium plus olodaterol became commercially

available 2 years after DPI-glycopyrronium plus inda-

caterol had become available in Japan, most patients

in this study switched from DPI to SMI. All patients

were using LAMA as a monotherapy before they

started the combination treatment. We examined

changes in lung function measures by comparing the

measures taken before and after the switch to the SMI

device. The first “before switch” lung function was

measured on the day it was switched and the last

“after switch” lung function was measured after 6 to

10 weeks. The lung function values were measured 2

to 8 hours after the last inhalation dose, and the time
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point of the “before switch” and “after switch” lung

function measurements was almost identical for each

patient. The appropriate inhalation technique for both

devices was confirmed for every patient when the

patient started the respective inhalations. This study

was approved by the Institutional Review Board of

our hospital. Changes in lung function test values

were evaluated using the Wilcoxon signed-rank test

(Table 1). Although no significant difference was

found in forced expiratory volume in 1 second

(FEV1) before and after the use of the SMI device,

the vital capacity (VC) (p ¼ 0.012) and % predicted

VC (p¼ 0.012) differed significantly, with an average

improvement of�200 mL in VC after the switch from

the DPI to the SMI. These findings could reflect the

possible superiority of tiotropium plus olodaterol over

glycopyrronium plus indacaterol or of the SMI-type

inhalation device or of both. In the treatment of

COPD, not only FEV1 but also the increase in VC

related to air trapping caused by small airway diseases

should be considered. Improvement in VC leads to

decreased RV, increased effective ventilation, and

alleviation of rapid and superficial breathing. This is

a pharmacologic effect comparable to the lung vol-

ume reduction surgery (LVRS). This could be consid-

ered a “pharmacologic LVRS effect.”

LAMA/LABA combination has increased the

number of treatment choices, and identifying the most

appropriate device for each COPD phenotype is nec-

essary. Patients with COPD who do not show satis-

factory responses to DPI-glycopyrronium plus

indacaterol may benefit from switching to SMI-

tiotropium plus olodaterol, especially from the view-

point of increasing the VC. Here we have reported a

retrospective evaluation of routinely treated patients.

The sequence of the two treatments was not rando-

mized. Therefore, the findings can only be indicative

of what might happen in a larger population. A

planned prospective investigation is required to verify

this contention.
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Table 1. Changes of lung function parameters after switching from DPI to SMI.a

VC % VC FVC % FVC FEV1 % FEV1 FEV1%

Average change 224 ml 6.78% 271 ml 8.18% 146 ml 7.97% 2.15%
Standard deviation 0.17 5.12 0.44 14.00 0.17 9.05 3.26
Absolute value for

Z score (p value)
2.52 (0.012) 2.52 (0.012) 1.54 (0.12) 1.54 (0.12) 1.89 (0.058) 1.82 (0.069) 1.54 (0.12)

DPI: dry-powder inhaler; SMI: soft-mist inhalers; VC: vital capacity; FVC: forced vital capacity; FEV1: forced expiratory volume in
1 second.
aSignificant increase in vital capacity and % vital capacity was found after switching from DPI to SMI (Wilcoxon signed rank test).

2 Chronic Respiratory Disease



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /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 false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /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
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


