
[image: kch_ft_colour][image: Logo, company name

Description automatically generated]






PERFORMANCE INVESTIGATION OF AIR IN LINE DETECTION SYSTEM IN INFUSION PUMPS




MSc Research project
Student ID: 1770556
Supervisor: Richard Arscott
Academic supervisor: Adam Shortland


A dissertation project submitted in partial fulfilment of Master of Science in Medical Engineering and Physics
Kings College London
2022


Contents
Abstract	2
Introduction	3
Air embolism	3
Infusion pumps	5
AIL detection system	6
Testing of AIL sensors	8
Project outline and objectives	10
Methodology	10
Equipment	10
Methods and data analysis	10
Progress to Date	11
Project Plan	12
Comments	13
References	14













[bookmark: _Toc112065705]Abstract
Ability to make a brief outline of the project, clear and concise definition of the problem. Obligatory to underline project aim/research question – 10 marks
Despite being uncommon, vascular air embolism occurs when air/medical gas enters patient’s circulation and can become a life-threatening event. Prevention of vascular air embolism consists of detection and removal of air bubbles in medical equipment, i.e. infusion pumps. Infusion pumps are complex electromechanical system-based fluid delivery systems, and their reliability is extremely important as they are mostly used in critical conditions. Typical safety features of infusion devices include the following, but they are not limited to free-flow protection, air-in-line detection, occlusion detection, etc. 
The aim of the project is to investigate the reliability of the air-in-line detection system of infusion pumps. 
The following questions will be answered:
1. Can the infusion pump’s air–in-line detection system be relied upon to detect single and/or cumulative air bubbles in order to ensure patient safety during an infusion?
2. What factors may influence the systems reliability throughout the equipment lifetime?
A systematic testing procedure of air–in-line detection system will be developed. It will include a validated method of introducing controlled size air bubbles into a system. The air-in-line detection system will be assessed against manufacturer specifications.
[bookmark: _Toc112065706]Introduction
Clear outline of state of art. Background and justification for the work 
The quality of healthcare services is highly influenced by the use of medical devices. Even though clinical engineers provide whole lifecycle management of medical equipment used throughout a Trust, the CQC regulation 15 sets out everyone’s responsibility to ensure that medical equipment is safe, fully functional, appropriately maintained and available for its intended purpose. The assessment of the medical equipment condition is an important activity during the maintenance and management of the equipment life cycle to increase availability, performance, and safety.
One of the largest practised therapies in healthcare organisations is infusion therapy. Intravenous infusions are performed using automated medical devices, known as infusion pumps. These devices are mainly used in critical conditions, so it is extremely important to rely on their performance and safety features: free-flow protection, air-in-line detection, occlusion detection, etc. 
[bookmark: _Toc112065707]Air embolism
Despite being uncommon, vascular air embolism occurs when air/medical gas enters patient’s circulation. Good clinical practice stresses out the ejection of all air from the syringe and aspiration of blood into the syringe when injecting a drug bolus. Despite careful priming, the use of infusion systems may support the development of small air bubbles. Studies have shown that temperature and pressure changes may cause the air bubble to increase in size (Barak and Katz, 2005).
The International Electrotechnical Commission (IEC) addresses the issue by stating:  “Infusion of 1 mL (12.4 mm diameter [calculated as if the bubble were a sphere]) of air within 15 minutes is not considered to be a safety issue. Bubbles of less than 50 µL (4.6 mm diameter) of air each are omitted in summing up the 1 mL”.
A systematic review has shown that these guidelines are not necessarily relevant in a clinical setting (Wilkins and Unverdorben, 2012). For example, very small bubbles (0.004uL) may produce detectable cerebral ischemia, while IEC standard disregards bubbles smaller than 50ul. The upper limit of 1mL of air is very close to 1.4mL dose that would be potentially fatal in the coronary circulation of an adult and well above the volume associated with potential fatality in neonates. Same review study has identified that it can take up to 30 minutes to absorb 0.010 uL of air. Therefore, the IEC standard is questionable as it does not cover how many times is safe to infuse volumes of up to 1mL over subsequent periods of 15 minutes.
The key factors determining the clinical consequences depend on the volume of air infused and the rate of accumulation. Experimental studies (Moszyński, 2007; Wilkins and Unverdorben, 2012) that have investigated the volume of air to produce circulatory collapse in animals have found 0.5 – 0.75 mL/kg in rabbits and 7.5 to 15mL/kg in dogs. In early 1800s, the estimated lethal air volume was 40-50mL in small dog and 100-120mL in big dog (Panni et al., 2002). Translating this information into human models would be close to impossible, although there are few reports of accidental intravascular delivery of air (Moszyński, 2007; Natal and Schraga, 2017). The acutely lethal volume of air in human adult is approximatively 3 – 5 mL/kg, however there is evidence of an infant survival after peripheral air administration of 3.5mL/kg. Cases of fatalities have been reported and they quantified the lethal volume of air in adults to be between 200-300 mL, however the exact volume is still unknown [A novel ambulatory intravenous holder – preliminary findings]. No significant adverse effects have been reported for flow rates of ~0.02mL/kg/s, while fatal air embolism has occurred for rates of 1mL/kg/s (Wilkins and Unverdorben, 2012).
In static fluids, air with a fixed volume tends to minimise the surface tension which is the largest contributor to the energy of a physical object. The 3D shape with the smallest area is a sphere. Therefore, air typically takes the shape of a bubble. In laminar flow, it was observed that air bubbles are not spherical, but they rather have an ellipsoidal/cylindrical shape, filling the vessel diameter (Branger and Eckmann, 1999; Ye and Bull, 2006; Papadopoulou et al., 2014). Theoretical and animal models have demonstrated that the absorption time of elongated shape air bubbles is significantly increased (up to 50%) compared to the spherical air bubbles (Barak and Katz, 2005).  
Beside the obstructive behaviour inside the patient’s circulatory system [Flow field around bubbles on formation of air embolism in small vessels], any amount of air is identified as a foreign body and it can trigger the activation of the coagulation cascade and the release of inflammatory mediators (Known, 2021).
On the other hand, air bubbles are used to rule out a left to right cardiac shunt. A 38-year-old patient was given four separate boluses of 10ml saline solution with 1% air, one every five minutes; this procedure is known as bubble contrast echocardiography. The patient developed a visual defect due to a paradoxical air embolism (Bassett et al., 2015). Another case report of healthy male 11-week-old infant death was reported due to paradoxical air embolism from peripheral venous infusion of nutrients (Sowell et al., 2007). Also, the performance of a syringe infusion pump is significantly impacted by the presence of small air bubbles (Schulz et al., 2000; Davey and Stather-Dunn, 2005), which can have further consequences and risks, e.g. inappropriate drug volume delivered to patient.
While the occurrence of symptomatic air embolus is considered to be less than 2%, (Mccarthy et al., 2017) associated mortality rate due to air embolism as high as 21%. The minimum size of air bubble that does not present safety issues has not been identified yet. Since air entering the circulatory system is not a physiological process, the more restrictive the amount of air going into the bloodstream is, the higher the patient safety is when using infusion devices.
Possible sources of air entering the human body are described below:
· via IV lines when ambient pressure is higher than venous pressure and there is an open line to air due to human error (Uhrich, 2000) 
· Infusion fluid degassing, a phenomenon called cavitation which usually happens when fluid passes into the blood system through the cannula (Stegmayr, 2017)
· Damaged of the infusion line
· Difference of temperature between the fluid and environment, e.g. when infusing cold insulin (Heinemann, 2022). While comparing the performance of two devices for air removal, there has simulated the air escaping from IV fluid during warming by injecting air at rates of 5, 10 and 15ml/min (Xu et al., 2018).
· Accidental infusion of air already existing in the fluid bag or trapped inside the IV line. Improper flushing of the administration set has been reported in veterinary medicine: the fluid bag was empty and the remaining air present in the bag could pass the pump’s air sensor (Costa-Farré et al., 2017). A similar case has been reported in humans (Abramson et al., 2020). Important to not is that priming would solve this issue (Eaton and Dhillon, 2003) 
· Accidental administration of gas into vasculature while performing laparoscopic surgery
Despite multiple causes of air entering the body, the most common is due to air entering the circulatory system via intravenous lines using infusion systems (Zoremba et al., 2011). The aforementioned studies represent the necessary evidence that a single recommendation (e.g. IEC recommendation) is not appropriate for the entire population. Any air contained within the administration set has the potential risk of entering the patient. The IEC 60601-2-24:2012 Medical electrical equipment - Part 2-24: Particular requirements for the basic safety and essential performance of infusion pumps and controllers standard stresses out the necessity of using air detectors when using infusion pumps, especially volumetric pumps.


[bookmark: _Toc112065708]Infusion pumps
Infusion pumps are medical devices used for delivery of fluids at a controlled rate, either continuously or intermittent. They usually control the flow of intravascular medical treatment,   fluids, nutrients or blood. Infusion pumps have built-in software interface and they are operated by trained users. Compared to manual administration of fluids, infusion pumps offer significant advantage, namely the ability to deliver very small volumes, at precisely rates and automated intervals. 
Different types of infusion pumps would include: volumetric pumps, syringe pumps, patient-controlled analgesia pumps, elastomeric pumps, enteral pumps and insulin pumps. 
Volumetric pumps are mostly indicated for the infusion of general fluids, medications, parenteral nutrition, blood transfusion, and drug therapy. They are used in hospital and clinical environments, other than domestic purposes. They are specially used in intensive care unit (ICU), emergencies, and operating theatres and are indicated for use, both on adults and paediatrics. They use a linear peristaltic action to control the infusion volume of the prescribed fluid and they can administer up to 1l of fluid at flow rates of 0.1 to 1200ml/hr.


[image: ]
Figure 1: Volumetric infusion pump - block diagram (Khandpur, 2020)
Because infusion pumps are frequently used to administer critical fluids, including high-risk medications, pump failures can have significant implications for patient safety. Many infusion pumps are equipped with safety features, such as alarms or other operator alerts that are intended to activate in the event of a problem. For example, some pumps are designed to alert users when air or another blockage is detected in the tubing that delivers fluid to the patient. Some newer infusion pumps, often called smart pumps, are designed to alert the user when there is a risk of an adverse drug interaction, or when the user sets the pump’s parameters outside of specified safety limits.
[bookmark: _Toc112065709]AIL detection system
Air bubble detectors, also known as bubble sensors or air-in-line sensors play a critical safety role when used in conjunction with medical devices to monitor the presence of air in infusion pumps, transfusion lines, blood processing systems and dialysis machines. Therefore, air detection systems are critical to maintain the fluid flow rate (Heinemann, 2022) and prevent complications due to air embolism.
There are various techniques used to detect air inside IV lines, and they will be further discussed.
· Photoelectric method: The simplest method implied by air sensors consist in using a light source positioned on one side of the tube carrying fluid and a photodetector placed on the opposite side. Due to different refractive indices, the air passing through the fluid will cause a change in the intensity of the light transmitted to the detector. The minimum detectable bubble size using this type of air bubble detector is 0.02mL (O’donoghue and Fisher, 1984). The method can make use of LED light (Ali, 2019) or IR LED light (‘Smart Bubble Detector for Infusion Pump’, 2018). Although they are cost effective, they are unreliable and they need calibration for different fluids used, e.g. saline, blood (Koumpouros and Maglogiannis, 2000).  
· Impedance method: A linear vertical array of four electrodes (positioned approximatively 10 mm apart) is placed on one side of a transparent tank filled with saline solution. Gas bubbles were introduced through a tube using carbon dioxide gas and their diameter was estimated using a digital video camera. The impedance profile of a bubble of 33.4 mm3 passing at 3.1 mm distance was similar to the theoretical profile. However, there was a decline in performance of the air bubble detector when the depth was increased. For example, the signal generated by a bubble with a 0.5 mm diameter at a 5.3 mm distance is approximatively 66 times lower than the noise level estimated for the system (Note, 2004)  Nevertheless, this method could be used in infusion pumps as depth is not an issue.
· Capacitance method: The detection of air bubbles is based on the detection of changes in the capacitor parameters. The capacitor cell consists of two platinum plates of 1.5 cm2 placed at 1 cm distance to one another and electric lead wires to measure the changes in values when air bubbles pass through the saline solution. The experimental study showed the reliability of this system to identify single air bubbles with diameters ranging from 0.62 mm to 4.1 mm (Gafare et al., 2009). A new design of capacitive sensor is proposed and consists of a differential coplanar structure using four electrodes. Simulation using finite element model tool has shown the potential of sensor to detect objects with diameters of 10um (Do et al., 2015). However, one disadvantage is the sensitivity of these sensors to the external electrical field (Busono, 2014)
· Active electro-location method: Mohan and his colleagues have investigated the performance of a bubble detector that was designed based on the different electric conductivity of air and water (Mohan et al., 2013). However, this method seems to perform better in specific applications, i.e. bubble columns, as a good resolution cannot be achieved for IV air bubble detectors.
· Ultrasound method: This is the most common method to detect air bubbles. Two transducers, one emitting ultrasonic pulses and one receiving them, placed on a line of sight of 90° [Development of ultrasonic based air bubble detection and safety system for haemodialysis machine to prevent embolism] or 180° (Koumpouros and Maglogiannis, 2000; Rienstra and Hall, 2002; Porterfield and Facc, 2020). The performance of the technique is improved by using digital signal processing: digital filtering, envelope detection, modulation of pulse width or cross correlation between the transmitted and the received signal amplitudes. 
[bookmark: _Toc112065710]Testing of AIL sensors
There are many studies that rely on the performance of air sensors to detect microbubbles within a fluid. The quantification of air bubbles created by various quantities of agitated saline using a bubble detector has been performed to identify the right amount of air to perform bubble contrast echocardiography and minimise the risk of micro-embolism (Bassett et al., 2015). On a different note, the air detection system of MSIII pumps has been investigated under high-altitude changes to improve patient safety (Paul Pelletier and Fisher, 2017). 
Physical characteristics of a universal air-bubble detector are presented (O’donoghue and Fisher, 1984). The testing involved the use of a syringe to inject small air bubbles in the IV line. However, no information is given on how to test the performance of the air sensor using controlled air bubble size. This has been noticed as a recurrent issue throughout many studies (Rienstra and Hall, 2002; ‘Smart Bubble Detector for Infusion Pump’, 2018; Ali, 2019).
The performance of air detector has been evaluated during simulated minor and major air embolism (Avula, Kramer and Smith, 2005). The testing involved injection of 1 to 60 mL of crystalloid and 30 to 150 mL of red cells, but there is no specification if the injection was performed manually or automatically. The validation and verification of the designed ultrasound bubble detector involve the insertion of different sized bubbles into the IV tubing, but again no further details are presented (Porterfield and Facc, 2020). One of the first technical reviews of air bubble detectors has focused on the effectiveness of these detectors in quantifying microbubble activity during cardiopulmonary bypass (Newland et al., 2015). The study showed there was no correlation between the simultaneous measurement of air bubbles using two air bubble detectors and the two emboli detection and classification quantifiers, indicating that the former detectors were unreliable. However, their comparison is somehow limited by the underestimation of number of air bubbles as they compared the detectors against emboli detection and classification quantifiers and not an industrial reference or a gold standard.
Li has developed an air bubble sensor based in ultrasound technology, which was calibrated using the data resulted from image analysis of randomly produced bubbles (Li et al., 2021). The volume of air was calculated as a sphere if the bubble diameter on image was smaller than 1.5mm (diameter of the tube) and as a cylinder for bubble diameter was bigger than 1.5mm. 
The air in line sensor testing for different volumetric pumps is further described, according to the user manual or technical manual. The technique slightly differs for each infusion pump model and the information give does not include many details (e.g. exact amount of air to be inserted, testing layout or the required flow rate). More importantly to notice is that the testing mostly focuses on differentiating between the two media: air and water, rather than the sensitivity of the air sensor.





	Manufacturer
	Model
	 
	Instructions
	Calibration
	Sensor details

	
	
	
	
	
	

	Becton Dickinson
	Alaris GP Volumetric Pump 
	 
	Insert a fluid filled infusion set and an air filled infusion set. Confirm pump detects fluid and air correctly
	No calibration available, sensor need to be changed
	Air sensor - integral ultrasonic sensor
Single bubble (configurable): 50ul, 100ul, 250ul, 500ul
Bubble accumulation: 1 ml over a 15 minute window
Air in line detector accuracy =/- 3%

	Fresenius Kabi
	Volumat MC Agilia
	 
	· Start the test with at a flow rate of 500ml/h,
· Create an air bubble in the administration set with a minimum length of 5 cm.
· Check the presence of the air bubble alarm (sound and visual) when the air bubble passes through the air bubble detector.
	Yes
	Default setting: 250 μl detected as a single bubble or cumulated volume air over a period of 15 minutes, from
bubble sizes above 50 μl.
Resolution of sensor: ~ 10 μl

	B. Braun
	Infusomat Space
	 
	Insert a fluid filled infusion set and an air filled infusion set. Check if the corresponding air sensor value in mV for water is >600mV and for air is <100mV.
Generate air bubble of ~0.4ml (~56mm length of line with air. Is the alarm triggered?
	No calibration available, sensor need to be changed
	Technical sensitivity:
Detection of air bubbles ≥ 0.01 ml
Alarm triggering:
Single bubble alarm: 0.02 – 0.3 ml
(default 0.3 ml)
Cumulative air alarm: 0.5 – 3.8 ml/h
(default 1.5 ml/h)
Resolution: 0.01 ml


Table 1: Air in line sensor testing according to manufacturer’s guidelines
As part of the annual preventative maintenance service, the air in line sensor testing is performed in MEMS workshop, according to the manufacturer’s guidelines. As such, at King College Hospital, a volume of few centimeters of air (need to check procedure) is inserted in the IV line of Carefusion Alaris VP Plus Guardrails Columetric Pumps and Carefusion Alaris Nexus Volumetric Pumps to confirm that the pumps detects air and fluid correctly. Further examples will be discussed based on the information acquired from other STP trainees. At University Hospital Bristol, they insert 4-8cm of air when testing Fresenius Volumat MC Agilia pumps. Same procedure is followed by the technicians at United Lincolnshire Hospitals to confirm that the pumps alarm. In both cases, a ruler is used to confirm the length of air bubble, but in practice it is not always the case. Lastly but not least, at Univeristy Hospitals Dorset, the air in line sensor of B. Braun Infusomat Pumps is tested based on the output values in mV for water and air. In conclusion, the tests only focus on the difference between water and air, rather than the accuracy of the air in line sensor.
[bookmark: _Toc112065711]Project outline and objectives
While dealing with medical fluid delivery services, it is important to ensure safety of the patient by accurately and reliably detecting small air bubbles flowing through fluid carrying tubing to prevent air embolism during medical procedures.
The aim of the project is to investigate the safety and reliability of the air-in-line detection system of infusion pumps. 
The following questions will be answered:
1. Can the infusion pump’s air–in-line detection system be relied upon to detect single and/or cumulative air bubbles in order to ensure patient safety during an infusion?
2. What factors may influence the systems reliability throughout the equipment lifetime?
The project will be divided into 3 different objective:
Objective 1: Develop a validated method to introduce controlled size air bubbles into the system.
Objective 2: Perform accuracy test for single air bubble detection and air accumulation detection
Objective 3: Test the accuracy of air sensor over time

[bookmark: _Toc112065712]Methodology
Projected/planned use of experimental methods and analysis. Explanation in suitably technical language – 15 marks
[bookmark: _Toc112065713]Equipment
At Kings College Hospital, IV infusions are performed using a range of different brands and models of volumetric pumps. For this project, BD Volumetric pumps will be used for testing: Alaris VP Plus Guardrails Volumetric Pump or BD Alaris nexus GP Volumetric Pumps. All pumps used during testing will be maintained as per manufacturer recommendation.
[bookmark: _Toc112065714]Methods and data analysis
Objective 1: 
The method described by (Li et al., 2021) will be used to validate the designed system to introduce controlled size air bubbles into the IV line. 

Objective 2: 
Safety testing of air sensors in infusion pumps: An experimental protocol will be set up to test the accuracy of AIL sensors against the manufacturer specifications. The goal is to verify if the accuracy is consistent at different bubble sizes and different flow rates.
a. Accuracy test – single bubble
A systematic testing procedure will be developed to insert a single controlled size air bubble in the IV line. The accuracy test for single bubble alarm will be performed for each of the following set values: 50ul, 100ul, 250ul and 500ul and for a range of flow rates (from 1 to 1200 ml/h)
b. Accuracy test – accumulation of bubbles
A systematic testing procedure will be developed to insert multiple controlled size air bubbles in the IV line. The accuracy test for accumulation of bubbles alarm will be performed for a total volume of 1ml of air accumulated in 15 minutes.
This will be a pass/fail test.

Objective 3
Reliability testing of air sensors in infusion pumps: Analyse the accuracy of air in line sensors over time by performing the tests mentioned above on pumps of different age. The goal is to verify if the accuracy decrease with age, considering that the pump is regularly maintained throughout its use.
Tests 1a and 1b will be performed on pumps of different ages: 0 years, 5 years, 10 years (or 0 years, 3years, 6 years, 9 years or mix of 0 to 10 years?)
Statistical analysis to be confirmed (accuracy vs age)

[bookmark: _Toc112065715]Progress to Date 
This progress will vary between students, sometimes depending on factors outside their control (i.e., ‘assistance' with regard to manufacture, time allocation and technical supervision). Nevertheless, each student should have work from the literature survey, some experimental work and work in hand to report - 10 Marks
Familiarisation and initial test equipment layout
The familiarisation session consisted in setting up a test equipment layout to insert bubbles into the IV line. The test layout was designed based on the manufacturer instructions to use and adapted to the air bubble insertion. The system consists of volumetric pump, the corresponding administration set, T stopcock, 5 ml syringe, a Baxter bag of 1000ml sterile water for irrigation and IV stand. The layout is pictured in Figure2.
Before testing, the manufacturer confirmed that the default value of AIL sensor for single bubble alarm is 100ul. However, subject to the pump location and use within the Trust, the AIL limit has been changed. To confirm this threshold value, the documentation for each dataset has been checked. 
Observation/Note: The dataset is uploaded on each pump software by the manufacturer (BD). However, the pump setting values can be self manged using BD Alaris™ neXus Editor Software Profile Configuration which is a software that allows changes to be made.
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10 BD Alaris Nexus GP volumetric pumps with AIL limit of 500ul have been tested.  The results can be found in Table.
	Asset ID
	
	AIL sensor limit: 500ul (±3%)

	
	
	< 485ul
< 5.35cm
	485ul - 515ul
5.35cm - 5.68cm
	> 515ul
> 5.68cm

	
	
	Inserted air (cm)
	Alarm
	Inserted air (cm)
	Alarm
	Inserted air (cm)
	Alarm

	17-3601
	 
	5
	X
	5.4
	✓
	8.5
	✓

	17-3603
	 
	4.5
	X
	5.5
	✓
	6.1
	✓

	17-3713
	 
	3.8
	X
	5.4
	✓
	9.3
	✓

	17-3679
	 
	4.6
	X
	5.4
	X
	9.5
	✓

	17-3717
	 
	3.5
	X
	5.5
	✓
	6
	X

	17-3718
	 
	2.3
	X
	5.6
	✓
	7.8
	✓

	17-3716
	 
	3
	X
	5.4
	X
	6.2
	✓

	17-3719
	 
	4.8
	X
	5.6
	✓
	7.5
	✓

	17-3708
	 
	3.5
	X
	5.5
	X
	8.3
	✓

	17-3711
	 
	5
	X
	5.5
	✓
	8.5
	✓



During initial familiarisation, it was observed that there is a clear interface between the bubbles and the liquid, which would be beneficial for image processing and analysis. The flow of the bubble and liquid are equal, if the injection rate is kept constant. However, this only applies for air bubbles that can cover the whole diameter of the IV tube. The bubbles with the diameter smaller than the diameter of the IV tube are either stuck on the IV tube wall or can float inside the liquid at a constant level; a slight movement was observed due to the peristaltic movement of the pump.
Around the threshold of 500uL, there was observed an inconsistency of the alarms. This needs to be further investigated using the controlled size bubble injection.
[bookmark: _GoBack]
[bookmark: _Toc112065716]Project Plan 
Realistic and viable plan. Ability to predict and assess anticipated difficulties - 10 Marks
The predicted timeline for this MSc project can be seen in the Gantt chart below.
	Investigation of AIL sensor
	
	2022
	2023

	
	
	Jun
	Jul
	Aug
	Sep
	Oct
	Nov
	Dec
	Jan
	Feb

	Literature review
	 
	
	
	
	 
	 
	 
	 
	 
	 

	Familiarisation with infusion pumps
	 
	 
	 
	
	 
	 
	 
	 
	 
	 

	Initial testing - manual injection of air bubbles
	 
	 
	 
	
	 
	 
	 
	 
	 
	 

	Objective 1 - Automated injection of air bubbles
	 
	 
	 
	
	
	 
	 
	 
	 
	 

	Validation of the design
	 
	 
	 
	 
	
	 
	 
	 
	 
	 

	Objective 2 - Data acquisition
	 
	 
	 
	 
	
	
	
	 
	 
	 

	Objective 3 - Data acquisition
	 
	 
	 
	 
	
	
	
	 
	 
	 

	Data analysis
	 
	 
	 
	 
	 
	 
	
	
	
	 

	Write-up
	 
	 
	 
	 
	
	
	
	
	
	




[bookmark: _Toc112065717]Comments 
Pragmatic approach to anticipated difficulties, (i.e. equipment or facilities not available and ability to mitigate this); likelihood of experimental success and outcome and future development or exploitation - 10 Marks

The project will investigate the performance of air in line detector in volumetric pumps to ensure patient safety. It is well understood that a number of difficulties may arise during the progress of the project. Infusion pumps are widely used within the Trust and therefore their availability may be limited. This has been taken into account in the Gantt chart and a margin has been assigned to carry out any possible outstanding tasks. Also, the number of infusion pumps hasn’t been set yet and there might not be enough pumps for each age group. If this is the case, age will be considered a continuous variable.
The use of BD volumetric pumps only makes possible the pass/fail test type. It would have been better to have access to the identified mV values when air bubbles are inserted. This would have been a more accurate way of testing the air sensor. This will be further explored to find out if this is a viable option when testing the pumps. A conversation with the manufacturer has been started since May, but their availability is very limited as well.
I hope the outcome of this project to enhance the procedures completed in the MEMS workshop and ease the technician’s job to functional test the air in line sensor during repair and preventative maintenance.

[bookmark: _Toc112065718]References
Use of references in written report. Evidence that the literature survey was/will be adequate - 10 Marks
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