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IV Infusion Terminology 
The following section provides a brief introduction to key terms used in this report (see also the 
Glossary).  
 
IV Components 

In general, an IV pump-controlled infusion consists of the following components (Figure 2):  
x IV pole, upon which the IV container hangs and the IV pump attaches (c)  
x IV container (e.g., bag, glass bottle; d) 
x primary IV tubing (e), which runs from the IV container through the pump and then attaches 

directly to a patient’s venous catheter, or indirectly via an IV connector or add-on device. Primary 
IV tubing typically has a secondary infusion port4 above the pump (f) to connect secondary 
infusions and 1 or more lower injection ports below the pump (g) for manual IV pushes or to 
connect with another infusion (i.e., to merge to a common access port) 

x infusion pump (h) 
x IV add-on devices (e.g., extension tubing, connection adaptors, in-line filters, cannula caps) (i)  
x IV connectors (e.g., 3-way stopcock, multiport connector, multi-lead connector) (j) 
x peripheral or central venous catheter (k), a flexible line inserted into a patient’s vein to which IV 

tubing, an IV connector, or an IV add-on device is attached via an access port («) 
 

 
 
Figure 2: IV Infusion Components 
Abbreviation: IV, intravenous. 
Note: Components have been enlarged for visibility (i.e., they are not to scale).  

                                                      
4Port describes a connection point between 2 IV infusion components. For example, IV tubing is connected to a venous catheter via a port. Ports often 
facilitate joining via a luer lock connector system, where male and female ends are twisted together to ensure a tight, secure fit. 

Intravenous Infusion 

FLOW RATES: 1-100ml/h 
Drug Concentrations: <1% w/w 



Neonatal IV: an artificial womb 
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Patient (age 28 weeks) has mean blood 
pressure: 25 mmHg. Goal = 28 mmHg 

• Start treatment: 0.5 ml/h 
Dopamine infusion 

• After 30 minutes, no visible 
effect: increase Dopamine 
infusion to 0.7 ml/h 

• 30 minutes later: mean 
blood pressure is 50 mmHg  
Too high! 

• Set Dopamine infusion 
lower again 

• Remains high 
 

This is exactly what we 
want to prevent! 

A. Timmerman: “Clinical relevance of metrology for drug delivery” 
MEDD Symposium UMC Utrecht 2015 



PO-0709 ALTERATION OF ANTIOXIDANT DEFENSE STATUS IN
MACROSOMIA

1MC Smahi, 2M Haddouche, 2M Aribi. 1Department of Pediatrics and Neonatology,
Faculty of Medicine Aboubekr Belkaid University, Tlemcen, Algeria; 2University of
Tlemcen, Laboratory of Applied Molecular Biology and Immunology, Tlemcen, Algeria

10.1136/archdischild-2014-307384.1345

Background and aims To investigate whether the anomalies
affecting the antioxidant defenses could start at birth and to
check the decrease in antioxidant defenses in macrosomic
newborns.
Methods Thirty macrosomic and 30 sex-matched control new-
borns were recruited for a retrospective case-control study at the
Maternity of Tlemcen University Hospital (Algeria).
Results The serum plasma ORAC, and albumin levels were sig-
nificantly decreased in macrosomic than in control newborns,
yet no difference was observed after adjustment for weight.
Additionally, serum concentrations of malondialdehyde and xan-
thine oxidase were significantly higher in macrosomic than in
controls before adjustment for weight. Moreover, macrosomia
was significantly associated with low levels of ORAC (OR =
4.96, 95% CI 1.2–20.55), albumin (OR = 2.25, 95% CI
0.41612.48) and with high levels of MDA (OR = 10.29, 95%
CI 2.02–52.36).
Conclusions Excessive weight could be a potential factor for
decreased anti-oxidative capacity and increased oxidative stress.

PO-0710 DOSING ERRORS AND CLINICAL IMPACT IN PRETERM
INFANTS DUE TO FLOW RATE VARIABILITY IN
MULT-INFUSION THERAPY

1RA Snijder, 1AMDE Timmerman, 1B Riphagen, 2P Lucas, 3PMA Lemmers, 3F van Bel,
4ACG Egberts. 1Medical Technology and Clinical Physics, University Medical Center
Utrecht, Utrecht, Netherlands; 2Research, VSL Dutch Metrology Institute, Delft,
Netherlands; 3Neonatology, University Medical Center Utrecht, Utrecht, Netherlands;
4Clinical Pharmacy, University Medical Center Utrecht, Utrecht, Netherlands

10.1136/archdischild-2014-307384.1346

Background and aims Almost all preterm infants on the NICU
receive continuous intra-venous infusion therapy. Commonly,
multiple pharmaceuticals are administered through one catheter
(multi-infusion). Due to the mutual influence of infusion pumps,
dosing errors can occur that may lead to adverse events. We
designed an in vitro experiment to measure flow rate variability
and dosing errors. Subsequently, possible clinical impact was
investigated.
Methods We conducted an n = 3 experiment with 3 syringe
pumps and disposables as used in our NICU. A clinically relevant
medication schedule was simulated using laser dyes as substitutes
for pharmaceuticals. Real-time, inline, absorption spectrometry
was used to measure dye concentrations and, subsequently, analyse
flow rate variability. After changing the flow rate we registered
temporary dosing errors in the parallel pumps, in addition, we reg-
istered start-up delays. A one-compartment pharmacological
model was used to investigate the clinical impact of these errors.
Results The significant temporary dosing errors were between
48.1% ± 12.9% and -32.5% ± 22.5% over- and under-dose
respectively. Start-up delays were up to 0.71 ± 0.11 h. Our
pharmacological model indicates that these dosing errors could
lead to haemodynamic instability for commonly used inotropes.
Conclusions Potential clinical impact includes hypertension,
hypotension and intraventricular haemorrhages. We conclude

that applying multi-infusion with currently used NICU infusion
setups results in dosing errors with potential clinical impact. It is
advised not to combine high-alert medication on a mutual lumen
or line. In addition, it is advised to raise awareness about these
phenomena.

This study was co-funded by the EMRP.

PO-0711 SIM: SCARY, INTIMIDATING OR MENACING OR SIM:
STIMULATING, INTERACTIVE AND MEMORABLE

S Tabrett, S Harris, G Meredith, P Munyard. Neonatal Unit, Royal Cornwall Hospital, Truro,
UK

10.1136/archdischild-2014-307384.1347

Background and aims Simulation and simulated tasks have been
used for the last 50 years. A Point of care study in our health-
care trust identified a need for a multidisciplinary approach to
support individuals in the management of low frequency, high
risk events in the clinical area.

We will demonstrate that SIM can be used as a safe environ-
ment where staff can learn, develop skills and highlight areas for
development and change in practice.
Methods We have a fortnightly programme in Child Health,
with all sessions debriefed and evaluated by Masterclass person-
nel. Data was collected on all paediatric and neonatal SIM ses-
sions from August 2013 to March 2014.
Results 271 healthcare professionals (172 doctors, 59 nurses, 4
HCA’s, 3 assistant practitioners, 16 medical students, 2 student
nurses, 7 midwives, and 8 others) attended 18 sessions, of which
7 were multidisciplinary. Sim sessions were carried out in 4 dif-
ferent departments.

Feedback was excellent with comments such as ‘fantastic ses-
sion, seniors emphasised how it was for learning and no-one
would be judged on it, this made it more relaxed and I found it
very realistic and useful. Thank You’.
Conclusions Simulations using high fidelity manikins in life like
circumstances have demonstrated that staff feel this has helped
their confidence and abilty to cope in emergency situations.
Feedback also suggests that it has given the opportunity to mod-
ify and change practice,aiming to improve standards of care and
maintain patient safety.

PO-0712 THE BENEFICIAL EFFECTS OF BREASTFEEDING ON
PARAMETERS OF ENDOTHELIAL DYSFUNCTION

A Wasilewska, K Taranta-Janusz, R Roszkowska, E Tenderenda-Banasiuk,
J Michaluk-Skutnik. Deapartment of Pediatrics and Nephrology, Medical University of
Bialystok, Bialystok, Poland

10.1136/archdischild-2014-307384.1348

The purpose of this work was to investigate the association of
serum asymmetric dimethylarginine (ADMA) and high sensitive
C-reactive protein levels (hs-CRP) with duration of exclusive
breastfeeding (BF) in children, and body composition.
Patients and methods The study group consisted of eighty eight
patients aged median 12 months, (M – 42; F – 46), classified as
never breastfed (NBF), or fully breastfed (BF). ADMA and hs-
CRP were measured by immunoenzymatic ELISA commercial
kits and expressed in mmol/L and ng/mL, respectively. Body com-
position analysis was performed by bioelectrical impedance
(BIA).

Poster abstracts

A486 Arch Dis Child 2014;99(Suppl 2):A1–A620

group.bmj.com on February 12, 2015 - Published by http://adc.bmj.com/Downloaded from 
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Factors Impacting Flow Rate Variability 

IV Flow Sources 
(pumps) 

IV Delivery & Mixing 
(lines) 

IV Access Points 
(catheters) 

Steady-State Errors: 

•  Syringepump 
(Calibration, 
oscillation) 

•  Imperfect syringes 
(Dimensional errors) 

Transient Flow Rate Errors: 

•  Viscosity and Elasticity in the System 

•  Internal Dead Volume 

Problem: 
Flow and mixture control with microscale precision 

using a macroscopic system. 



Solutions to IV Flow Variability 

Hospital Protocols 

S. Weide & L. Weierink, “Vergelijking Protocolen NICUs 
in NL”, BSc. Thesis, Saxion 2015 

Protocols exists for many of the 
observed occurrences, but 

•  No standard list exists 

•  Unless measured, one can never 
be sure what medicine mix is 
actually delivered 

Accurate IV Administration? 

Deliver multiple 
digitally as trains of 
droplets or just as 
simple plug flow… 

Mixture detection at catheter  

Micro-sensor 
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ABSTRACT 

We have designed and realized an integrated multi-
parameter flow measurement system, consisting of an 
integrated Coriolis and thermal flow sensor, and a pressure 
sensor. The integrated system enables on-chip measurement, 
analysis and determination of flow and several physical 
properties of both gases and liquids. With the system, we 
demonstrated the feasibility to measure the flow rate, 
density, viscosity, specific heat capacity and thermal 
conductivity of hydrogen, helium, nitrogen, air, argon, water 
and IPA. 

INTRODUCTION 
Knowledge of both the flow rate and its composition is 

essential in medical infusion pumps, especially in 
neonatology, where a newborn baby should receive both the 
right and the right amount of medicine and/or nutrient. 
Since the flow rates involved are extremely small, typically 
in the range of 0.1 - 1 ml/h, it is important to have a very 
compact single chip integrated system rather than a system 
composed of separate devices, to maximally reduce the 
internal volume of the system. Other examples of 
applications are flow chemistry for the production of 
specialty drugs, production of the right mix of gases for 
medical purposes, and measurement of the composition of 
fuel gas to determine its energy content. 

Van Baar [1] demonstrated the feasibility to measure 
several physical properties with different thermal sensors.  
Enoksson [2] showed density measurements with Coriolis 
flow sensors. Jakoby [3] demonstrated viscosity 
measurements with a resonant structure. 

 

 

 

 

 

 

 

 

 

 

 

 Up to now, no systems have been reported in which 
different types of sensor principles are integrated to measure 
the flow rate and several physical properties of both gases 
and liquids. 

SYSTEM STRUCTURE 
The basic structure of the integrated multi-parameter 

flow measurement system is shown in figure 1. The system 
consists of an integrated Coriolis and thermal flow sensor, 
and an additional differential pressure sensor. Fluid flow 
enters the system at the inlet, passes through the Coriolis 
and the thermal flow sensor, and leaves the system at the 
outlet. The differential pressure between the inlet and outlet 
is measured by the pressure sensor. 

OPERATING PRINCIPLE 
 The output signal of the thermal flow sensor is a 
measure for the flow rate, the pressure is measured by the 
pressure sensor. The output signal of the Coriolis mass flow 
sensor provides both the mass flow and information about 
the density of the medium [4, 5]. 

As shown in figure 2, the other parameters can be obtained 
from the output signals via a calculation model. By 
comparing the output signals of the Coriolis flow sensor and 
the pressure sensor, and taking the density into account, the 
viscosity of the medium can be calculated. By comparing 
the output signals of the thermal and the Coriolis flow 
sensors at low flows, the heat capacity of the medium can be 
calculated. The thermal conductivity can be determined by 
comparing the output signals of the thermal and Coriolis 
flow sensors at higher flows. 
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Figure 1: Basic structure of the integrated multi-parameter flow measurement system 
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Pressure - Sensor 2 
 The pressure sensor consists of a partially released 
straight tube with a capacitive comb finger structure on both 
sides [6]. At one side, the tube has long fingers and the 
stator has short fingers. Increase in pressure will deform the 
top of the tube upwards, tilting the fingers downwards and 
increasing the distance between the fingers, thus decreasing 
the capacitance. The fingers at the other side of the tube 
behave vice versa, resulting in a decreasing distance and 
thus an increasing capacitance. 
 
Coriolis flow and density - Sensor 3 
 The Coriolis type flow sensor consists of a vibrating 
channel [7]. The frequency with which the channel vibrates 
is a measure for the density of the fluid inside the channel. 
A mass flow inside the channel results in a Coriolis force. 
The Coriolis force is capacitively detected by its induced 
out of plane vibration mode with an amplitude proportional 
to the mass flow. 
 
Thermal Flow - Sensor 4 

The thermal flow sensor consists of two SiRN 
channels that are freely-suspended over an etched cavity in 
the silicon substrate [4]. Two resistors, that fulfill both the 
heating and sensing function, are positioned on each 
channel. A flow through the channels will shift the 
temperature profile of the heaters, resulting in a change in 
resistance. The resistors are connected in a Wheatstone 
bridge configuration. A flow through the channel results in a 
corresponding output voltage of the Wheatstone bridge. 
 
Thermal Conductivity - Sensor 5 

The thermal conductivity can be measured using the 
3ω method [8]. In this method an alternating current is 
applied to a resistive heater at frequency ω. This will cause 
the heater to oscillate at 2ω. When the alternating voltage 
over the heater is measured, it will contain a ω and a 3ω 
component. The 3ω component is a measure for the thermal 
conductivity when measured in the right frequency range.  
 
Relative permittivity (type 2) - Sensor 6 

This relative permittivity sensor has a similar operating 
principle as sensor 1. In this case, however, both electrodes 
of the capacitance are located at the top of the channel, 
forming interdigitated fingers. When a fluid is inside the 
channel, a part of the capacitance is dominated by the 
relative permittivity of this fluid as long as the fingers are 
not too close together. As a result, the sensor does not 
depend on the grounding of the chip and is less sensitive to 
other signals through the substrate of the chip. Even though 
an identical reference sensor open to the air can be used to 
cancel the capacitance of the SiRN channel wall, this sensor 
will be less sensitive to fluids with a relative permittivity 
lower than that of SiRN than Sensor 1. On the other hand, 
the sensor will be less sensitive to electrical noise from 
other structures on the chip or to geometrical parameters of 
the channel. This sensor has not yet been characterised. 

FABRICATION 
The system has been fabricated according to the 

surface channel technology as described in [4] and [7]. A 
SEM image of the fabricated microfluidic chip is shown in 
figure 2. A photograph of the chip mounted on a PCB is 
shown in figure 3. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2: SEM image of the fabricated integrated microfluidic 
measurement system, corresponding to the mask lay-out of figure 1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Picture of the integrated microfluidic measurement 
system mounted on a PCB 
 
MEASUREMENT SET-UP 
The measurement set-up is shown in figure 4. Flow of both 
gases and liquids is applied through reference mass flow 
controllers. For liquids a pressurised vessel is used to 
generate a stable liquid flow. The read-out electronics is 
mounted in a shielded box.  
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Detection of Mixture Properties 
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IV Mixture 

IV DELIVERY SYSTEM 
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φ2 ,w2

φn ,wn

Comp.2 
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Dose di
* = wi

* ⋅φ

φ,wi
*

PRINCIPLE:

- Detect the wi
*'s at the catheter

- Measure the flow φ  at the catheter

- Calculate the dose di
* = wi

* ⋅φ  in real time
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Detection: Multiparameter Sensor 

P1  Viscosity 
P2  Thermal Conductivity 
P3  Spec. Heat Capacity 
P4  Density 
P5  Electrical Conductivity 
P6  pH 
P7  Refraction Index 
P8  Electrical Permittivity 
P9  …  

Sensor 

IV Mixture 
Catheter 

Patient 

MIXTURE PROPERTIES FOLLOW A LINEAR MIXING MODEL 

prel =1+ Ci ⋅wi
*∑

Some property 
relative to pure 
solvent (water) 

Specific for each component 
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Challenge 1: parameter space 

P1  Viscosity 
P2  Thermal Conductivity 
P3  Spec. Heat Capacity 
P4  Density 
P5  Electrical Conductivity 
P6  pH 
P7  Refraction Index 
P8  Electrical Permittivity 
P9  …  

Sensor 

IV Mixture 
Catheter 

Patient 

UNFORTUNATELY: 
•  P6 needs contact-type sensor 
•  P5 is overwhelmed by the saline (NaCl) signal 
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P5  Electrical Conductivity 
P6  pH 
P7  Refraction Index 
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IV Mixture 
Catheter 
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UNFORTUNATELY: 
•  P6 needs contact-type sensor 
•  P5 is overwhelmed by the saline (NaCl) signal 

ADDITIONALLY: 
•  P7 is complex and difficult to integrate with the rest 
•  P8 detection may be also influenced by the saline 

n = 4~5 



Challenge 2: drug concentrations 

Drug	
Recommended	
concentration	 Document	

Acyclovir	 7	mg/ml		 	ISMP	

Alprostadil	 10	ug/ml		 	ISMP	

Alprostadil	 10	ug/ml		 	LSUH	

Amiodarone	 2	mg/ml		 	AAP	

Amiodarone	 6	mg/ml		 	AAP	

Amphotericin	B	 0.1	mg/ml		 	ISMP	

Amphotericin	B	 1	mg/ml		 	ISMP	

Aprotinin	 1.4	mg/ml		 	AAP	

Cefazolin	 100	mg/ml		 	ISMP	

Cefotaxime	 100	mg/ml		 	ISMP	

Clindamycin	 6	mg/ml		 	ISMP	

Digoxin	 20	ug/ml		 	ISMP	

Digoxin	 100	ug/ml		 	ISMP	

Dobutamine	 2000	ug/ml		 	ISMP	

Dobutamine	 2000	ug/ml		 	LSUH	

Dobutamine	 1	mg/ml		 	AAP	

Dobutamine	 4	mg/ml		 	AAP	

Dopamine	 1600	ug/ml		 	ISMP	

Dopamine	 1600	ug/ml		 	LSUH	

[1] Supplied by Innofuse B.V. 
[2] ISMP: Institute for Safe Medication Practices, Standard Concentrations for Neonatal Drug 
Infusions. 

[3] Kumar, P., Walker, J. K., Hurt, K. M., Bennett, K. M., Grosshans, N., & Fotis, M. a. (2008). 
Medication use in the neonatal intensive care unit: current patterns and off-label use of 
parenteral medications. The Journal of Pediatrics, 152(3), 412–5. 
[4] Hsieh EM, Hornik CP, Clark RH, Laughon MM, Benjamin DK Jr, & Smith PB (2014). Medication use 
in the neonatal intensive care unit. The American journal of perinatology, 31(9), 811-21. 

[5] Clark RH, Bloom BT, Spitzer AR, & Gerstmann DR,(2006). Reported medication use in the 
neonatal intensive care unit: Data from a large national data set. The American Academy of 
Pediatrics 
 
 

Typical Drug 
Concentrations: 
100ug/ml - 100mg/ml 

0.01 – 10 weight% 

Primary “Saline”: 0.9% 
Primary Glucose: 5% 

Most	commonly	used	drugs	in	NICU	
#Documents	 Drugs	

5	 Gentamicin [1][2][3][4][5]	

4	 Furosemide [2][3][4][5]	

4	 Dopamine [1][2][3][4]	

4	 Vancomycin [1][2][4][5]	

3	 Midazolam [1][2][4]	

3	 Ampicillin [3][4][5]	

3	 Cefotaxime [1][2][5]	

3	 Dobutamine [2][3][4]	

3	 Fentanyl [2][3][4]	

2	 Digoxin [1][2]	

dyn. range: ~1000 



SPECIFIC SENSITIVITIES OF MEDICINES vs. CONCENTRATION 
(relative to DI water in %par per %weight) 

Dopamine Dobutamine Furosemide 

Density 0.4 0.26 1.94 

Spec. Heat Capacity -0.8 -0.5 -2.34 

Viscosity 2.32 3.81 17.27 

Refractive index 0.183 0.189 0.2 
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SPECIFIC SENSITIVITIES OF MEDICINES vs. CONCENTRATION 
(relative to DI water in %p per %w) 

viscosity is less 
accurate 
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±0.0221% 

±0.0058% 

✖ In the order of the (diluted) typical conc’s at the catheter (0.03%). 
Except for Furosemide. 

Dopamine Dobutamine Furosemide 

Density 0.4 0.26 1.94 

Spec. Heat Capacity -0.8 -0.5 -2.34 

Viscosity 2.32 3.81 17.27 

Refractive index 0.183 0.189 0.2 
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✔ Typical (diluted) concentrations detectable at the catheter! 

Dopamine Dobutamine Furosemide 

Density 0.4 0.26 1.94 

Spec. Heat Capacity -0.8 -0.5 -2.34 

Viscosity 2.32 3.81 17.27 

Refractive index 0.183 0.189 0.2 

This is 
challenging. 



Conclusions Mixing Model 

Limited to max. 4-5 IV components 

Measurement of sensitivity coefficients is difficult: 
¤  Time Consuming (multiple concentrations) 

¤  Specialist equipment needed 
¤  Selection of drugs is not straightforward 

Requires > 10-5 (10-3%) detection limit at the sensor 
¤ Nonlinearities, cross-sensitivity, flow sensitivity 

¤  Sensor must also be disposable 

WORKS IN THEORY BUT MAY BE TOO TOUGH TO IMPLEMENT AS A PRODUCT 



Future Work  
(Pioneers in HealthCare Project) 

BUT DO WE REALLY NEED THIS “ANALYTICAL” APPROACH? 

①  We need measures M(t)=M(w1
*, w2

*, w3
*, …) of the composition, not the 

exact composition itself 

②   wi
*(t) and φ(t) must match for the doses to be accurate 

•  Separate dynamics make deviation detection possible 
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