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“Theflow of liquids inside or outside the human body plays a
key role in medical technology. Safety and reliability of
many medical devices or their components, e.g. dialysis
machines, infusion devices, or liquid-handling systems for
in-vitro-diagnostics, require safe and reliable dosing of
liquids” [1]. This citation from the editorial of the first special
issue of this journal related to low liquid flows, published in
2015, is still valid.

Drug delivery is a critical aspect in health safety because
infusion therapy is themost commonly used form of therapy
in hospital and clinical environment [1, 2]. Accurate flow and
dosing measurements are essential to ensure that the “real”
dose is delivered to the patient in hospitals or at home care
by self-operated drug delivery devices preventing incorrect
drug deliveries and improving significantly patient safety.
This is particularly important for the cases where critical
drugs are delivered at very small flow rates administering
very low doses for neonates.

For this reason, this special issue focuses on medical
flow and dosing measurement metrology in drug delivery.
Most of the contributions are based on results from the joint
EMPIR – Metrology for Drug Delivery (MeDD II) research
project [3], involving 16 partners, including nine National
and Designated Metrology Institutes (IPQ – Portugal,
coordinator; CETIAT – France; CMI – Czech Republic;
DTI – Denmark; METAS – Switzerland; NEL – United
Kingdom; NQIS – Greece; RISE – Sweden; and KRISS – Ko-
rea), four companies (DNV GL – The Netherlands;
HSG-IMIT – Germany; INESC MN – Portugal; BHT – The
Netherlands) and three universities (TH L – Germany;
UMCU – TheNetherlands; UoS-UK). This projectwill last until
the end of 2022 and has the overall aim to improve dosing

accuracy and enable traceable measurements of volume,
flow and pressure of existing drug delivery devices and
inline sensors operating at very low flow rates (lower than
100 nL/min). This has been achieved through the develop-
ment of new calibration methods and improved metrolog-
ical infrastructures. Another goal of this project is to
investigate the influence of different flow rate regimes,
physical properties of the infused fluids (e.g. viscoelasticity),
and occlusion phenomena in multi-infusion systems.

This special issue has therefore the character of a status
report of ongoing research and discusses the major findings.
The contributions of this special issue are categorized as
follows. The first contribution introduces the subject. It
explains the challenges and solutions inmetrology for health
[4] and offers an overview of several bibliography studies
related to the subject.

The second paper deals with the development of
calibration methods for flow rates down to 5 nL/min and its
validation [5]. This paper gives quite a good overview of the
European activities at flow rates lower than 100 nL/min and
presents the results of EURAMET comparison 1508 [6]. This
comparison allowed the publication of new calibration
measurement capabilities (CMC) at the BIPM JCRB – The
International Bureau of Weights and Measures Key
Comparison Database [7] of several metrology institutes that
participated in this project. The third paper is related to the
optical methods described in [8], and mainly deals with
measurement of internal diameters of capillaries or syringes
using gravimetric and optical methods for microflow
applications. These capillaries or syringes are used in some
facilities, where the methods are described in [5]. The fourth
paper is related to in-line measurement of the physical and
thermodynamic properties of single and multicomponent
liquids [9]. The fifth paper is the application of the tech-
niques developed in paper [5] for the assessment of drug
delivery devices working at microflow rates [10]. Perfor-
mance analysis of a syringe pump and an infusion device
analyser (IDA)devices are described in detail.

The sixth paper [11] describes various measurement
methods for the calibration of insulin pumps and improves
the method described in IEC 60601-2-24 in order to shorten
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the measurement time and applying relevant time windows
for the performance test.

The next paper is the description of the development
and manufacture of a new microfluidic pump [12] that can
generate very low flow rates with high accuracy. Another
paper [13] describes the effect of anti-return valves on the
time-of-arrival of new medication in a patient after syringe
change in an infusion set-up. Paper [14] deals with
Holographic particle image velocimetry for nanoscale flows,
applications and range of work. The final paper is related to
user application of drug delivery devices and deals with
unexpected dosing errors due to air bubbles in infusion lines
with and without air filters [15].

Three technical workshops were organized by the
“Metrology for Drug Delivery II” group: one by CETIAT in
November 2020, another by Technische Hochschule Lübeck
in September 2021 and a final one in November 2022 by IPQ,
where the final results of the project were presented. While
the first one focused mainly on the presentation of MeDD II
project-results, the second onewasmore directed to infusion
technology applications. All presentations can be down-
loaded at the drug metrology project website [16]. Also, four
workshops for end-users were developed by the partners
in order to disseminate the information of this project
and create awareness of the importance of traceability and
metrology in drug delivery devices.

The Guest Editors would like to thank all those involved
in this special issue, especially the authors for their contri-
butions and the patience needed during the several stages of
the review process. We also thank the reviewers for their
valuable hints to improve the quality of this issue. Special
thanks go to the Editor-in-Chief Olaf Dössel and the publisher
for their willingness to publish this edition, for their support,
and for their help in coordinating this issue. We hope the
readers will find hints and inspiration for their own work.

Research funding: This study was supported by European
AssociationofNationalMetrology Institutes (18HLT08MeDDII).

References

1. Lucas P, Klein S. Metrology for drug delivery. Biomed Eng Biomed Tech
2015;60:271–5.

2. Sutherland A, Canobbio M, Clarke J, Randall M, Skelland T, Emma W.
Incidence and prevalence of intravenousmedication errors in the UK: a
systematic review. Eur J Hosp Pharm 2020;27:3–8.

3. Batista E, Pereira J, FerreiraM, Bissig H, Graham E, Furtado A, et al. New
EMPIR project - metrology for drug delivery. Flow Meas Instrum 2020;
72:101716.

4. Metaxiotou Z, Bissig H, Batista E, Ferreira M, Timmerman A. Metrology
in health: challenges and solutions in infusion therapy and diagnostics.
Biomed Eng Biomed Tech 2022. https://doi.org/10.1515/bmt-2022-
0045.

5. Mills C, Bissig H, Batista E, Ogheard F, Boudaoud A, Büker O, et al.
Calibration methods for flow rates down to 5 nL/min and validation
methodology. Biomed Eng Biomed Tech 2022. https://doi.org/10.1515/
bmt-2022-0049.

6. EURAMET project 1508 - pilot study intercomparison of ultra-low liquid
flow rates in range below 100 nL/min, at http://www.euramet.com/
[Accessed 2 Nov 2022].

7. Batista E, Alvares M, Martins R, Ogheard F, Gersl J, Godinho I.
Measurement of internal diameters of capillaries and glass syringes
using gravimetric and optical methods for microflow applications.
Biomed Eng Biomed Tech 2022. https://doi.org/10.1515/bmt-2022-
0033.

8. http://www.bipm.org/ [Accessed 2 Nov 2022].
9. Bissig H, Büker O, Stolt K, Graham E, Wales L, Furtado A, et al. In-line

measurements of the physical and thermodynamic properties of single
and multicomponent liquids. Biomed Eng Biomed Tech 2022. https://
doi.org/10.1515/bmt-2022-0039.

10. Niemann A, Batista E, Gersl J, Bissig H, Büker O, Lee SH, et al.
Assessment of drug delivery devices working at microflow rates.
Biomed Eng Biomed Tech 2022. https://doi.org/10.1515/bmt-2022-
0053.

11. Bissig H, Büker O, Stolt K, Batista E, Afonso J, Zagnoni M, et al.
Calibration of insulin pumps based on discrete doses at given cycle
times. Biomed Eng Biomed Tech 2022. https://doi.org/10.1515/bmt-
2022-0040.

12. Silvério V, Canane P, Martins T, Afonso R, Cardoso S, Batista E.
Development of a microfluidic electroosmosis pump on a chip for
steady and continuous fluid delivery. Biomed Eng Biomed Tech 2022.
https://doi.org/10.1515/bmt-2022-0051.

13. KoningsM, Gevers R, Mejri S, Timmerman A. Effect of non-return valves
on the time-of-arrival of new medication in a patient after syringe
exchange in an infusion set-up. Biomed Eng Biomed Tech 2022.
https://doi.org/10.1515/bmt-2022-0054.

14. Miotto G, Thiemann K, Rombach M, Zengerle R, Kartmann S.
Holographic PIV/PTV for nanoflow rates – a study in the 70 to 200 nL/
min range. Biomed Eng Biomed Tech 2022. https://doi.org/10.1515/
bmt-2022-0055.

15. Konings M, Haaijer K, Gevers R, Timmerman A. Unexpected dosing
errors due to air bubbles in infusion lines with and without air filters.
Biomed Eng Biomed Tech 2022. https://doi.org/10.1515/bmt-2022-
0056.

16. http://www.drugmetrology.com/ [Accessed 2 Nov 2022].

2 Batista et al.: Medical flow and dosing in drug delivery

https://doi.org/10.1515/bmt-2022-0045
https://doi.org/10.1515/bmt-2022-0045
https://doi.org/10.1515/bmt-2022-0049
https://doi.org/10.1515/bmt-2022-0049
http://www.euramet.com/
https://doi.org/10.1515/bmt-2022-0033
https://doi.org/10.1515/bmt-2022-0033
http://www.bipm.org/
https://doi.org/10.1515/bmt-2022-0039
https://doi.org/10.1515/bmt-2022-0039
https://doi.org/10.1515/bmt-2022-0053
https://doi.org/10.1515/bmt-2022-0053
https://doi.org/10.1515/bmt-2022-0040
https://doi.org/10.1515/bmt-2022-0040
https://doi.org/10.1515/bmt-2022-0051
https://doi.org/10.1515/bmt-2022-0054
https://doi.org/10.1515/bmt-2022-0055
https://doi.org/10.1515/bmt-2022-0055
https://doi.org/10.1515/bmt-2022-0056
https://doi.org/10.1515/bmt-2022-0056
http://www.drugmetrology.com/

	Medical flow and dosing measurement metrology in drug delivery
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Euroscale Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 35
  /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 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /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 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /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 false
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1000
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.10000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /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 <<
    /DEU <>
    /ENU ()
    /ENN ()
  >>
  /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 [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName (ISO Coated v2 \(ECI\))
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName <FEFF005B0048006F006800650020004100750066006C00F600730075006E0067005D>
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.503940
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


