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MeDDII – Metrology for Drug delivery
EMPIR European Metrology Programme for Innovation and Research
Call: 2018 Health
Total budget: ~ 1,7 M€
Total labour: ~200 MM
Duration: 36 months
Start date: June 2019

Coordinating Organisation: IPQ
Scientific leader: METAS
Partners - 9 NMIs/DIs, 4 universities, 2 manufacturers. 11 countries

Colaborators - 33
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MeDDII Consortium

FACH
HOCHSCHULE
LÜBECK
University of Applied Sciences
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MeDDII Overview
This project aims to characterize and improve dosing
accuracy of existing drug delivery devices and multi
infusion systems and enable traceable measurements
of their volume, flow rate, pressure and inline sensing
operation at very low infusion rates:
✓ by the development of new calibration methods
✓ by expanding the existing metrological
infrastructure
Additionally, this project will investigate:
➢the effects of fast transient flows on dosing response
➢the physical properties of liquid mixtures used in
infusion
➢the occlusion phenomena in multi-infusion systems
➢development of a new micropump
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IPQ-Volume and Flow Laboratory
The Volume and flow Laboratory of IPQ provides calibrations to the
industry, mainly for water meters manufacturers, fuel companies,
verification offices, chemical, analytical and pharmaceutical laboratories.

Calibration of small volumes

Calibration of medium
and large volumes
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IPQ-Volume and Flow Laboratory
Calibration of dosing devices and flow meters

0,12 mL/h up to 2000 mL/h with uncertainties of 2,5 % to 0,07 % using
the gravimetric method (CMC published at BIPM)
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Medical infusion devices
Medical infusion devices (infusion pumps) are widely
used, as they are fundamental for primary health
care, namely for providing drugs, nutrition and
hydration to patients.

Infusion errors are often made, with reported
dramatic effects in different applications in the
health sector, especially in neonatology.
Dosing errors involving infusion pumps was nº
1 hazard in 2017 in EUROPE.
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Medical infusion devices
It is extremely important that the delivery of medication and other fluids is precisely
controlled over time, and the delivered dose is accurately known, especially for critical
drugs at high concentration.

Regular calibration and maintenance of infusion pumps enables the identification of
any issues with equipment and ensures correct dosage to patients, minimising
potential safety risks.
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Calibration methods
Gravimetric method
The gravimetric method relies on weighing the mass
of the working fluid delivered by the instrument
under test for a set time
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IEC 60601-2-24 – Medical electrical equipment – Part 2-24: Particular requirements for the
safety of infusion pumps, section 8
Flow rate down to 15 nL/min with uncertainties of the order of 1 %
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Calibration methods
Displacement method
A possible displacement method uses an
interferometer to monitor the distance
travelled by a pusher block of the syringe
pump over time.
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Flow rates down to 1,6 nL/min with 2
% uncertainty
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Calibration methods
Optical Drop Method
The delivered liquid flow can be determined by
observing the volume increase of a drop at the
end of the flow line, over time, placed inside
an evaporation trap.
𝑸=

𝜟𝑽
𝜟𝒕

This observation is performed by using
high resolution camera and a Phyton
software for image treatment.

Flow rate down to 100 nL/min with 10 % uncertainty
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Calibration methods
Front track method
The procedure consists in tracking the distance
traveled by the meniscus of a liquid in a capillary tube
over time.

The displacement of
the meniscus is
calculated between
frames, using a highresolution camera and
an image processing
software (Python).
𝑥2 − 𝑥1
𝑄=
× 𝜋 × 𝑟 2 × 1 − 𝛾 𝑇 − 20
𝛥𝑡
Flow rate down to 1 nL/min with 10 % uncertainty

13

Common Issues with the
Calibration of Infusion Pumps
Air bubbles – a sufficient volume of water should be passed through the piping to purge
any air bubbles.

Flow stability and pump response time – there is a need to wait until the target infusion
flow rate has been reached, as large errors will occur before this.

Incorrect syringe diameter - Different syringe models and brands can have different
diameters, so it is always important to check this.
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Common Issues with the
Calibration of Infusion Pumps
Water evaporation – if not controlled properly this can cause an underestimation of flow
rate measurements.

Fluid connection leaks - this refers to the incorrect connection between the tubes, the
disposables and the pump and will result in a reduced measurement of flow rate.

Equipment compliance – this refers to expansion effects in the components from the
elasticity of the materials, e.g. the expansion of a plastic syringe when the pressure
increases during the start-up of the pump.
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Performance Characterisation of
Infusion Pumps
The assessment of the performance of a
pump should be based
on the
determination of
the error and the
uncertainty.

The maximum permissible error
which is normally stated by the
manufacturer is ±2 %.

The relative flow rate error of a pump according to VIM is given by:

𝑒𝑟𝑟𝑜𝑟 =

𝑄𝑝𝑢𝑚𝑝 𝑠𝑒𝑡 𝑝𝑜𝑖𝑛𝑡 − 𝑄𝑟𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒
∗ 100%
𝑄𝑟𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒

A different definition is used in medical standards, such as in IEC 60601-2-24:201. It is
important to identify how the error is calculated as otherwise false corrections may be
applied.
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Conclusions
➢ It is crucial that volume and flow generated by medical devices are as accurate
and precise as possible. To ensure this, it is necessary to have appropriate
calibration methods.
➢ The most common calibration method used by the National Metrology Institutes
(NMI) for measuring flow rates of fluids is the gravimetric method
➢ New technologies are under development in the MeDD II Project – going down
to 1 nL/min

Improving the accuracy of medical devices will reduce dosing errors and lives can
be saved.
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