Medical Devices: Evidence and Research Dovepress
Taylor & Francis Group

ORIGINAL RESEARCH

Design and Development of a Simple Screw
Mechanism for a Low-Cost Neonatal Syringe Pump

Oliver Norton (), Prashant |ha

Department of Biomedical and Imaging Sciences, King’s College London, London, UK

Correspondence: Prashant Jha, Email prashant.jha@kcl.ac.uk

Background: Approximately 2.3 million neonates die annually. UNICEF proposes that the deployment of specialist, quality neonatal
care could help reduce neonatal mortality rates by 28% by 2025. Syringe pumps are a key medical device for providing accurate and
precise fluid and drug delivery to neonates. However, syringe pumps are expensive, complicated to use and not designed for the
additional challenges of providing quality healthcare in low resource healthcare settings. Several open-source designs for low-cost
syringe pumps already exist, however, they all have respective limitations.

Objective: To design and test a simple, open-source, screw mechanism, with the potential to be used in a future low-cost syringe pump.
Methods and Materials: A low-cost screw mechanism for a syringe pump, using a non-captive stepper motor, was developed. The
prototype’s accuracy was tested using SmL, 20mL, 30mL and 60mL syringes at different rates. The rate was measured by recording
the changing mass of saline fluid dispensed onto a weighing scale. The mean flow rate error from each run was calculated as the time
taken to infuse 75% of the nominal volume, as per the ISO 286020:2020 standard.

Results: The prototype produced a total mean flow rate error of 0.38%+1.62%. All errors were within the 3% limit (Z-score: 0.125)
stipulated by the UNICEF and NEST360 target product profile. Compared to the other open-source designs, the prototype has the
fewest parts, can accommodate a range of syringe sizes and is more accurate than many of the other open-source designs. Future work
should involve testing the device with more viscous fluids, a greater range of rates and microstep settings, and improving the accuracy
with further software and hardware development.
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Introduction
Global Neonatal Mortality

In 2023, there was an estimated 2.3 million neonatal deaths." These were predominantly in low- and lower-middle-income
countries (LLMICs).? In Sub-Saharan Africa and South Asia, neonatal mortality rates (NMR) were 26 and 21 deaths per 1,000
live births' respectively. This is significantly greater than the third Sustainability Development Goal (SDG), “to ensure healthy
lives and promote wellbeing for all at all ages”,** of 12 deaths per 1,000 live births. Global efforts to achieve this goal have
resulted in a 43% reduction in the global NMR’ since 2000. However, this is not enough, with the average NMR only
predicted to reduce to 18 deaths per 1,000 live births® by the 2030 deadline. This has been called the “survival gap™ by
UNICEF. The UNICEF “Survive and thrive: transforming care for every small and sick newborn” campaign® suggested that
the gap could be reduced by implementing several strategies, including the deployment of higher quality, specialist neonatal
care. The campaign suggested that, by 2025, deploying specialist neonatal care could lower the NMR by 28%.* Maternal and
stillbirth mortality rates could also be reduced by a further 19%.*

Syringe Pumps
One element of providing quality, specialist neonatal care is medical devices. According to The World Health Organization,
syringe pumps are a “priority medical device”.®® They are frequently used to treat newborns as they can precisely deliver

small volumes of fluids at a controlled rate. This precision can aid in infant hydration, nutrition and drug delivery.”'°
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In LLMICs, healthcare facilities often have too few trained healthcare workers,''™'® leading to missed dosages of
drugs and fluids. The automation of the infusion process, by syringe pumps, improves the quality and continuity of

care,®'* while also freeing up healthcare worker’s time to treat more patients.'”

Appropriate Medical Devices

Previously, an estimated 38%'® of medical devices, donated to LLMICs, went unused. Although donated with good
intentions, they can be inappropriate for these healthcare settings. Undertrained clinical staff and infrastructure limitations
can lead to the disuse of complicated medical devices, causing hospital storage issues and incurring disposal costs.®!¢!8

Many global bodies, including the United Nations and the World Health Organization, now promote the local
production of medicines and medical devices in developing countries.'” However, complex medical devices may be
harder to manufacture, requiring more intricate production techniques, financial investment and training. There are also
other general challenges to deploying medical devices in LLMICs, such as unreliable utilities.?

In addition to these complications, syringe pumps face specific barriers to being successfully deployed in LLMICs.
Syringe pumps require luer lok syringes and intravenous lines as consumables. These can be specific to the syringe
pump’s brand. Therefore, any disruption to the supply of the specific infusion consumables can limit a pump’s use.

Many pumps have additional functionalities, such as drug libraries, complicating their use. Given that LLMICs have
too few sufficiently trained staff,'""'* this can result in user errors,”' inflicting comorbidities on patients.>' This also
increases the difficulty of servicing the pumps. Technicians require more maintenance training and equipment to ensure
the device functions correctly and safely.

To help medical device innovators overcome these challenges, UNICEF and NEST360, an international alliance
aimed at improving outcomes for sick and premature neonates in Africa, released a Target Product Profile (TPP) for
syringe pumps.'® The TPP details requirements for syringe pumps specifically designed for low-resource neonatal
healthcare settings.

The syringe pump TPP advocates for a syringe pump to be able to accommodate luer lok syringes of various sizes and
brands. This aims to help overcome the issue of the inconsistent supply of consumables. To ensure quality care, the TPP
also recommends that a pump should be able to produce infusion rates between 0.1-60.0mL/hr, with an optimal accuracy
of +1% and a minimum of +3%.

Current Syringe Pump Prototypes

Open-source designs allow for the local development and manufacturing of medical devices within the countries where
they are needed.””* This reduces costs, accommodates local challenges and allows for more rapid deployment of the
devices. It has been widely suggested that 3D printers could play a role in facilitating these goals, with projects already

benefiting from their use.”> 2’

Syringe

«~—Pl
Infusion tubing unger

Tr6.35x2mm lead screw-

Additional ! I
support
Non-captive
[

Casing
stepper motor

6mm guide rod

Weighing scale

Figure | Experimental Setup Using Prototype.
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Several attempts have been made to develop an open-source, low-cost, syringe pump.?® > A brief literary search was
conducted to identify low-cost syringe pumps using the Scopus and IEEE Xplore databases. On 1/8/2024, limiting the
results to peer-reviewed publications between 2014 and 2024, 8 different syringe pump prototypes, that also reported
accuracy testing results, were identified (Table 1). Bolts and screws were not counted as parts as the number of required
fixings was not presented in all of the papers.

Only 3 of the pumps met the minimal TPP accuracy requirement of 3% for all tests.'” However, it should be noted
that the design by Coskun et al*® only produced 1 error greater than 3% during testing.

Lake et al produced the most accurate design,’’ with an average error of less than 1%. Their design was based upon
one by Wijnen et al’®> which achieved an accuracy of less than 5% during testing. Lake et al achieved this improved
accuracy by creating a closed-loop feedback system, using a pressure sensor, amplified with PID control. However, this
increased the number of parts and complexity of the system. This design also required specific parts for each syringe size,
which is not appropriate for a clinical setting where they may be misplaced.

1*° was the next most accurate, producing an

Using the scale method to measure rate,*® the design by Kujawa et a
average error of —1.53% at 75% of the nominal volume, as per ISO 286020:2020 standards. However, this reported error
was only based on 1 test at the maximum required flow rate of the TPP. Testing the device with a greater range of syringe
sizes and at more rates would better evaluate the design. Though it did have fewer parts than the design by Lake et al, it
was only able to accommodate syringes up to 20mL.

Of these 3 pumps, the design by Abdelhamid et al*® had the fewest parts but was also the least accurate, with the
greatest error being 1.9%. This design was tested at 9 different rates, however, it was not declared what syringe size it
was tested with. Further clarification or testing would allow for a better evaluation of the design.

Although these three prototypes are accurate enough for the TPP specification,'® none of the designs have presented
results that test a range of rates and syringe sizes. Furthermore, there are design limitations, such as parts specific to
syringe sizes and additional fixings. Therefore, an open-source, low-cost syringe pump mechanism, with sufficiently
reported accuracy, that is simpler and more versatile, would be a beneficial alternative for medical device manufacturers

in LLMICs.

Aim
The authors have designed and prototyped a mechanism for a low-cost syringe pump. This paper reports the results of
testing the accuracy of the prototype.

Methods and Materials

Materials

This mechanism functions using a non-captive stepper motor with a Tr6.35x2mm lead screw, a guide rod, a plunger, an
additional support piece, and a casing for the motor (Figures 1, 2 and Table 2). For this prototype, the infusion rate is
controlled by an Arduino Mega 2560 microcontroller (Figure 3) since they are easy to use and widely available.
However, a lower-cost microcontroller, which is still able to provide UART communication, would be equally acceptable
with suitable alterations to the operating code (Listing 1).

The lead screw is prevented from rotating by the guide rod, which moves through the casing (Figure 1). The screw
and rod are attached to the plunger using the hexagonal M3 bolts. The guide rod restricts the plunger’s rotation thus
causing the screw to move linearly rather than rotationally. The plunger then pushes against the syringe, displacing the
fluid within it. An additional support piece joins the other ends of the screw and guide rod to ensure that they remain
parallel.

The 3D printed parts were created using a fuse deposition modeling printer, with 1.75mm PLA filament and 0.4mm
nozzle. A triangle pattern infill of 5%, with 4 vertical and 5 horizontal shells, was chosen for the casing and additional
support piece. A 50% infill was used for the plunger piece to prevent deformation. These specifications were chosen to
balance physical requirements, print time, material consumption, weight and strength.

Medical Devices: Evidence and Research 2025:18 htps: 449


https://www.dovepress.com/article/supplementary_file/489922/Supplementary%20materials_1.docx

114

:sdyyy

81:$70T YoIeasay pUe dDUSPIAT SIIIAS(] [EDIPDIA

Table | Comparison of Open-Source Low-Cost Syringe Pumps

Author Source Year of Mechanism Type Mean Accuracy Flow Rates Tested (mL/hr) Syringe Number of Mechanical
Publication Error Reported Sizes Tested | Parts (Discounting
(%) (mL) Screws)
Juarez et al Scopus 2016 Constant torque spring for rack and 1.76% + 1.41% 3, 5, 10, 40, 60 10, 20, 30, 60 | > 28
pinion with DC motor
Islam et al IEEE Xplore 2020 Lead screw with DC motor 3.90% + 3.29% 1620, 1800, 2160, 2340, 2520 10 12
Park et al Scopus 2024 Constant torque spring with rack and 27% + 5% 1.6,22,3.1,39 42,52, 56, 6.3, l,3,5 21
pinion and gears 6.5,70,84,87,93, 10, 12, 14, 16
Kujawa et al | Scopus 2021 Lead screw with stepper motor —1.53% 60 5 13
Guelig et al | Scopus 2017 Pneumatic hydraulic drive piston 6.8% + 4.9% 0.67, 1.62,2.52, 4.14, 5.76 30 > |1
coupled to a closed-circuit flow
restriction
Abdelhamid IEEE Xplore 2023 Lead screw with stepper motor < 1.9% 20, 25, 30, 35, 40, 45, 50, 55, 60 N/A 9
et al
Coskun et al | IEEE Xplore 2018 Lead screw with stepper motor > 3% 0.1, 05, 1, 5, 10, 20, 50 0.5, 5, 60 14
Lake et al Scopus 2017 Lead screw with stepper motor < 1% N/A 10 15
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Table 2 Mechanism Parts List

Part Number | Additional Specifications

Tr6.35x2mm lead screw | 200mm length, threaded M3 holes at both ends to a depth of 5mm
Aluminium rod | 200mm length, threaded M3 holes at both ends to a depth of 5mm
Non-captive linear stepper motor for Tr6.35x2mm lead | NEMA 17, 1.68A rated current, |.8°step angle, bipolar, 44Ncm holding
screw torque

M3 Hexagonal bolt 2 5mm length

M3 socket screw 6 5mm length

Casing | 3D printed

Plunger | 3D printed

Additional support piece | 3D printed

The prototype is assembled by first attaching the stepper motor to the casing using 4 of the socket screws (Figure 2). The
lead screw is then manually rotated through the stepper motor till it is halfway. Next, the hexagonal bolts are through the
hexagonal holes in the plunger (Figure 2). The lead screw is then inserted into the plunger’s upper hole and screwed on till
tight. The guide rod is then pushed through the casing and into the remaining hole in the plunger and screwed on tight too.
Finally, the support piece is screwed to the lead screw and rod using the remaining 2 socket screws. The electronics can then be
connected (Figure 3).

-

- LV U CS RSy i { 2
b <

- ) | =

(b) Angled Exploded View

Figure 2 Exploded Views of Prototype Syringe Pump. (a) Side Exploded View. (b) Angled Exploded View.
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Figure 3 Prototype Syringe Pump Circuit Diagram.

This prototype used a TMC2209 motor driver (Figure 3), produced by TRINAMIC Motion Control, which is
commonly used on 3D printers making it widely available and low-cost.*’ The TMC2209 also has a UART mode,
requiring fewer wires and allowing for bidirectional communication which gives access to additional features of the
driver. In this mode, the TMC2209 can control the stepper motor using an internal step pulse generator, allowing a range
of microcontrollers to be used to control the mechanism. Its StallGuard4™ feature can be used for stall detection and
sensorless homing.*' CoolStep™ current control prevents the motor and driver from overheating, thus reducing energy
wastage by up to 75%.*' The StealthChop2™ feature aids in silent motor operation.*'

Given the need for accurate infusions, rounding errors can make a significant impact. The TMC2209 has a clock
speed of 12MHz for internal step pulse generation.*' This means that rounding errors can be already greater than the
minimum requirement of 3%.'® To reduce the effect of this error, a simple algorithm was also included in the design
(Listing 1). If the calculated microsteps per period (No) was.3,0.4,0.5,0.6, or.7, then the microcontroller would oscillate
the number of microsteps between the rounded integer value (Vi) and plus or minus one after each full step, depending on
the direction of rounding. This produced an average number of microsteps per cycle of Ni £+ 0.5 which is closer to No.
This was achieved using the TMC2209 clock speed and the TSTEP address of the TMC2209.

(1) Reading the address TSTEP returns the inter-microstep period of 1/256 microstepping in a unit of 1/12MHz. So,
the time in microseconds between full steps (7)) is:

TSTEP * 256
T = 1000000 x —Zee= (1)

(2) Using the Arduino micros() function, which returns the number of microseconds since the start of the current program,
a counter can be created. When the time between steps reaches 7; 1 is added or subtracted from the number of steps per cycle.
(3) The counter is then zeroed and starts again.

Methods

The method used to evaluate the device’s benchtop accuracy was the same used by Juarez et al*® to evaluate another low-
cost syringe pump prototype. The rate was calculated by continuously measuring the changing mass of saline solution
dispensed into a beaker, from a syringe, using the prototype (Figure 1).
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The method was repeated with different brands and sizes of luer lok syringes to thoroughly evaluate the prototype’s
mechanism compared to the TPP. The syringes were filled with 0.9% saline solution to better emulate the clinical use of
the device. For half of the experiments, a 100mmHg back pressure was applied to simulate infant blood pressure.*

The International Electrotechnical Commission (IEC 60601-2-24:2012)* does not have standards for flow rates
greater than SmL/hr or infusions less than 2 hours. Therefore, the International Organization for Standardization (ISO
286020:2020)** mean flow rate equation was used to calculate the mean flow rates of the infusions except for the 60mL
infusions at SmL/hr, where the IEC 60601-2-24:2012 could be used.

Microstep Calibration

Before the experiments were conducted on all the syringe sizes and rates, the optimum number of microsteps was
established since more microsteps increase accuracy but affects incremental torque per microstep.*> This calibration was
done with a 60mL syringe at 60mL/hr with 100mmHg back pressure using the method. These variables were chosen
since this would cause the greatest demand on the prototype, being the largest syringe and fastest rate tested. Sixteen,
thirty-two and sixty-four microsteps were tested. These values were chosen to balance torque per microstep and accuracy
since they are central values in the potential microstep settings. The accuracy algorithm was then deployed to measure its
success in reducing the effect of rounding errors.

Method

(1) A KERN CFS 300-3 weighing scale was used to measure the weight. The scale was connected to a PC using an
RS232 cable at 9600 baud. An empty beaker was placed on the weighing scales.

(2) The syringe size was then selected and filled with 0.9% saline solution beyond the maximum volume printed on
the syringe. Infusion tubing was then connected to the end of the syringe and the syringe plunger pushed until it
reached the maximum measured volume of the syringe. This was done to ensure no air was in the syringe or line.

(3) The device was then primed for the infusion by reversing the motor direction. The syringe was fixed to the device
and the plunger’s position was adjusted so that it pushed firmly against the syringe.

When simulating the 100mmHg back pressure (P), the pump was placed 1.36m (%) lower than the beaker as per the
hydrostatic formula:

P = Psaline * & * h (2)

Where pgaiine 1s the density of the saline solution.

(4) The end of the intravenous line was then placed on the edge of the beaker so that drops of water would be collected
in it (Figure 1). The taro function, on the weighing scales, was then used to set the measured weight to zero.

(5) KERN’s BalanceConnection software was run on the PC to periodically record the weight measured by the scale.
The sample interval was set to 10 seconds for all the infusions, except for the 60mL at SmL/hr which was set to
60 seconds, to ensure appropriate resolution.

(6) The desired rate of infusion was then entered, using the Arduino IDE. The rate was controlled by varying
VELOCITY (Listing 1). The code was then uploaded to the microcontroller to begin the infusion.

(7) The recording was then started, with the readings exported into Microsoft Excel.

(8) Once the infusion was complete, the data logging was stopped. Any data that was recorded before or after the
infusion was then removed.

(9) The mean flow rate (Q,,) was calculated by measuring the time taken (7) for 75% of the nominal volume (V})) to
infuse, as per ISO 286020:2020 standards:

075+ V,

On ==

3)

(10) The error was then calculated by subtracting the expected flow rate from the mean flow rate.
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Data Presentation
The results of the device’s benchtop accuracy testing were presented in a table In accordance with IEC 60601-2-24

3843 trumpet curves®® were created for the 60mL saline at SmL/hr, both with and without back pressure, to

standards,
assess variations in accuracy during the infusion between the 2" and 6™ hours. This was done by grouping the 420
measurements, between hours 2 and 6, into 418 overlapping observation windows (P,,) which are the average flow rate of
3 successive flow rates. Py,

Pso, P120, P180, P240, P300, P360 and P41 were then selected as points as these were every half an hour. The maximum
positive and negative percentage errors, within the range of these P values, were then calculated. These were plotted,

alongside the total mean flow rate (P4;g), to produce the trumpet curve.

Results
When calibrating the microsteps, using a 60mL syringe at 60mL/hr with 100mmHg back pressure, 16 microsteps
produced the most accurate result (Table 3). Thus, 16 microsteps was chosen for testing the other rates and syringe sizes.

Implementing the accuracy algorithm improved the accuracy by an average of 0.51% (Table 4). However, it decreased
the accuracy for the 60mL at SmL/hr infusion. This may be due to the compounding of errors over time since the infusion
was significantly longer than the others tested. Therefore, the algorithm was applied for the other tests but not on the
60mL infusions at SmL/hr.

From the mean flow rate testing, the error without back pressure was 0.73%=x1.71%, while with back pressure it was
0.02%=1.44%. The mechanism performed more accurately and precisely, when under the additional force from the back
pressure, in almost every test. Given this systematic difference, there may be an issue in the design. However,
a comparison of the results, using a two-sample unequal variance z-test, produced a p-value of 0.49, showing a non-
significant difference between them. Further testing would help clarify this. Overall, the total mean flow rate error was
0.38%=*1.62%. This is within the 3% requirement (Z-score: 0.125).

The smallest absolute mean flow rate error was the 60mL syringe with 60mL at 60mL/hr with 100mmHg back
pressure. The 30mL syringe with 30mL at SmL/hr produced the largest absolute error (Table 5). Furthermore, both tests
of the 30mL syringe had the largest negative accuracy errors. This was unexpected since it is less fluid than in a 60mL
syringe so should require less force and produce a more accurate infusion. It may be explained, though, by additional
friction between the syringe’s barrel and plunger due to the syringe’s design or manufacturing. This would require extra
force to overcome and thus reduce accuracy. Despite this, the mechanism still produced absolute errors less than 3%,
demonstrating its ability to overcome differences between syringe brands.

The 60mL syringe with 60mL at SmL/hr produced an error of 2.49% without back pressure (Table 5 and Figure 4) and
1.12% with back pressure (Table 5 and Figure 5). Considering Figure 4, the mean is close to the maximum positive flow rate
throughout the infusion, compared to the maximum negative flow rate measurements. This shows that the flow rate is
reasonably consistent throughout, with only a few larger random negative errors. However, Figure 5 shows a less stable
infusion when back pressure was applied. The closeness of the maximum positive and negative flow rate errors, between the
P50 and P3¢ observation windows, shows a stable infusion with few random errors. In the P45 window, however, the
maximum positive error increases. Given the overall mean flow rate error was increased by this, it suggests that many of the
errors were larger and positive in this window compared to the previous ones. Since this only occurred in the sixth window, it
could have been caused by a disturbance in the experimental setup. Repeating the experiment would evaluate this.

Table 3 Results of Microstep Calibration Using a 60mL
at 60mL/hr with 100mmHg Back Pressure

Number of Microsteps | Mean Flow Rate Error (%)

16 0.37
32 3.05
64 1.89
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Table 4 Mean Flow Rate Errors Without and with Accuracy Algorithm

Syringe Size | Volume Infused | Infusion Rate | Number of Microsteps Mean Flow Rate Error (%)
(mL) (mL) (mL/hr) per Period
Actual Rounded Without Algorithm | With Algorithm
60 60 60 68.4 68 0.75 0.37
5 5.7 6 2.49 —5.87
20 20 5 14.8 15 -1.10 0.93
5 5 3 14.3 14 —7.41 1.35

Table 5 Results of Mean Flow Rate Testing with Sixteen Microsteps

Syringe Size (mL) | Volume Infused (mL) | Infusion Rate (mL/hr) | Mean Flow Rate Error (%)
OmmHg 100mmHg
60 60 60 0.75 0.37
40 1.76 1.00
5 249 1.12
30 30 10 —2.88 —2.64
20 20 5 0.93 -1.10
5 5 3 1.35 1.35

Discussion

This open-source design is simple, low-cost and portable The design only requires 6 mechanical parts and 8 bolts
(Figure 2 and Table 2) that are available online or can be fabricated using a 3D printer, a lathe, and a threading tap. Fewer
parts decrease material costs, lower manufacturing complexity, and reduce size and weight for improved portability and
storability. Spare parts can be easily procured online or 3D printed for rapid maintenance and repairs. This makes
servicing simpler and faster for hospital technicians resulting in continuous pump usage.

Unlike the other screw-based syringe pump designs (Table 1), there is no need for additional screw and guide rod
supports. This means the prototype weighs less than 500g and has a reduced footprint. Thus, a syringe pump medical
device, designed around this mechanism, would likely be easier to store and transport between wards. Furthermore, this
design can accommodate generic consumables and luer lok syringes of any size between SmL and 60mL without
modification, unlike other mechanisms (Table 1).

Limitations of Materials
The accuracy algorithm improved the accuracy of the infusions in 3 of the 4 tests (Table 4), suggesting that it may
contribute to improving the accuracy of the device.

However, it reduced the accuracy of the 60mL at SmL/hr infusion by 11.59%. This suggests that purely UART mode, even
with a software solution applied, is not accurate enough for this application. In future prototypes, other protocols, such as
STEP/DIR or SPI, should be investigated as they can operate faster and more efficiently than UART. This should reduce
accuracy errors further and remove the need for a software solution, however, it may increase the code’s complexity.

Furthermore, if bidirectional communication is no longer required, a simpler, lower-cost motor driver could also be used.
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Trumpet Curve of 60mL 0.9% Saline at 5mL/hr with OmmHg Infusion
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Figure 4 Trumpet Curve of 60mL Infusion of 0.9% Saline at 5mL/hr with OmmHg Back pressure.
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Figure 5 Trumpet Curve of 60mL Infusion of 0.9% Saline at 5mL/hr with 100mmHg Back pressure.

Another method of improving accuracy could be the inclusion of a closed feedback loop system; in the same way,
Lake et al’” were able to increase the accuracy of Wijnen et al’s design.*® A slide potentiometer could provide low-cost
absolute position tracking information. Alternatively, a rotary encoder could be used to provide relative positional
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information compared to an origin point. Either of these solutions would then allow the microcontroller to adjust the
velocity during the infusion to ensure better accuracy. This may remove the need for a software solution, but the feedback
loop may increase the complexity of the code. Furthermore, introducing more mechanical parts will increase both the
cost and intricacy of the design, in turn reducing serviceability. A cost-benefit analysis will need to be conducted to
evaluate any development against the improved accuracy and precision of infusions.

A further potential limitation of this mechanism is durability. The screw and guide rod extend beyond the mechan-
ism’s casing so are not protected by it. Due to this, they are vulnerable to being damaged or bent if a prototype is
dropped. Drop testing will need to be used to evaluate the effects of this.

Limitations of Method
A limitation of this method was only testing the design’s accuracy using 0.9% saline solution. Neonates who are unable
to accept enteral feeding require parenteral nutrition to prevent malnutrition and nutritional deficits, which limits
development and positive outcomes.*” Parenteral nutrition contains lipids, carbohydrates, and proteins, making it more
viscous than 0.9% saline solution. A more viscous solution, in the syringe, will produce a greater back pressure on the
mechanism, meaning that the motor will require greater torque per microstep to achieve the necessary infusion rates.
The lowest rate tested was 3mL/hr. However, the NEST360/UNICEF specification'® requires pumps to achieve rates
as low as 0.1mL/hr. Furthermore, only three settings of microstepping were tested. Future testing should involve fluids of
different viscosities, a greater range of infusion rates and more microstepping settings.
An additional limitation is that the literary search was only conducted on two databases. A wider search across more
sources would have provided more devices against which the mechanism could be compared.

Future Work

Further work should include the development of a fully functional prototype syringe pump device. This involves
following the guidance of the TPP'® to ensure that the device has all of the necessary features. Once a prototype has
been developed, it should be presented to clinicians and other stakeholders for their feedback as part of the user-centric,
iterative co-design process. Their responses will help to determine future design decisions. Additional technical testing,
such as battery life and durability, should then be conducted. Eventually, clinical validation should go ahead to further
validate the device. This will allow for accreditation from governing bodies.

Conclusion

This report presented an open-source prototype mechanism, designed to be simple and low-cost, for a neonatal syringe
pump. The mechanism’s accuracy was tested by recording the time taken to infuse 75% of the nominal volume, as per
ISO 286020:2020 standards.** Rates between 3mL/hr and 60mL/hr were tested on 5mL, 20mL, 30mL and 60mL
syringes. During testing, the mechanism achieved a mean accuracy of 0.38%=+1.62%; within the 3% error requested
by the UNICEF and NEST360 TPP.'” An accuracy algorithm was also tested, however, it was not shown to have
a consistently beneficial effect on the prototype’s accuracy.

Future testing should involve a greater range of rates and more viscous fluids. Further advancements can be made to
the mechanism, such as using the SPI protocol for velocity control and a closed-loop feedback system for positional
accuracy. A complete syringe pump device, based upon this prototype, could now be developed, but concerns such as
durability should be addressed.
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