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Abstract: This study explores the nuanced design of a microchannel system with a reservoir for precise controlled drug delivery in the 

context of neonatal intravenous care. The microscale dimensions and intricacies of drug administration in neonatal patients necessitate a 

meticulous approach to ensure both efficacy and safety. Leveraging the capabilities of COMSOL Multiphysics, simulations were conducted 

to optimize the micro channel’s design, focusing on achieving precise flow rates conducive to neonatal drug administration. The primary 

objective was to establish a microchannel configuration that could reliably deliver a range of drug volumes, from 1 ml/hr to 10 ml/hr. The 

simulations utilized a constant velocity output of  45 x10-15 m/s, ensuring a consistent parameter for exploration. The resulting cross-

sectional areas, widths, and heights of the microchannel were meticulously adjusted to achieve the desired flow rates while maintaining a 

width of 1 μm for simplicity. The presented table and graph encapsulate the key dimensions corresponding to various flow rates, providing 

a practical guide for researchers and engineers involved in microfluidic systems design. The findings hold particular significance in neonatal 

care, where controlled drug administration is critical for ensuring therapeutic efficacy while mitigating potential adverse effects. In 

conclusion, this research contributes to the evolving landscape of biomedical technology by offering insights into the precise design 

parameters required for microchannels with reservoirs in neonatal intravenous care. The study's outcomes provide a foundation for further 

advancements in tailored drug delivery methodologies, enhancing the potential for personalized and effective treatments in neonatal 

healthcare scenarios. 
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1. Introduction 

Intravenous (IV) therapy is a critical aspect of neonatal 

care, as it allows for the administration of essential 

medications, fluids, and nutrients to newborns, especially 

in cases of prolonged medical assistance [1].However, the 

administration of IV therapy to neonates can be 

challenging due to the unique pharmacokinetic parameters 

and limited evidence base regarding medication 

administration in this population [4].Moreover, dosing 

errors and compromised therapeutic efficacy can occur, 

especially in premature neonates [8] [9]. 

Microchannel systems offer a promising alternative to 

traditional infusion pumps for the delivery of fluids and 

drugs in neonatal intravenous care. These systems are 

defined by microchannels with a diameter of less than 1 

millimeter or between 1 and 99 micrometers [1]. By 

utilizing microchannels in neonatal intravenous lines, 

researchers can achieve precise control of flow rates, 

velocity, and pressure of fluids and drugs [1]. This level 

of control is particularly important in neonatal care, where 

accurate drug delivery is crucial for ensuring therapeutic 

efficacy while minimizing potential adverse effects 

[3].Despite the potential benefits of microchannel 

systems, there are still several design considerations that 

must be taken into account. These include accurate drug 

delivery, pharmacokinetic parameters, controllability of 

drug delivery, size-controllable monodispersed 

microsphere generation, and the route of administration 

[2] [3] [4] [5]. Addressing these design considerations is 

essential for the development of tailored drug delivery 

methodologies that enhance the potential for personalized 

and effective treatments in neonatal healthcare scenarios. 

This paper aims to explore the key design considerations 

for microchannel systems in neonatal intravenous care, 

focusing on the precise control of drug delivery and the 

unique challenges associated with neonatal care. By 

examining these factors, we hope to contribute to the 

evolving landscape of biomedical technology and 

advance the field of neonatal healthcare. 

2. Methodology 

The methodology section of the research paper on 

"Design Considerations for Microchannel Systems in 

Neonatal Intravenous Care" involved the use of 

microchannel systems and computational modeling to 

optimize the microchannel's design and achieve precise 

flow rates conducive to neonatal drug administration [6]. 
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The microchannel systems were designed to achieve 

precise control of flow rates, velocity, and pressure of 

fluids and drugs in neonatal intravenous care. The 

microchannels were fabricated from biocompatible 

materials to ensure safety and efficacy in neonatal care[7]. 

The COMSOL Multiphysics simulations were employed 

to optimize the microchannel's design and achieve precise 

flow rates conducive to neonatal drug administration [11] 

[12]. The simulations utilized a constant velocity output, 

which was chosen to ensure a consistent parameter for 

exploration. The computational models, numerical 

methods, and simulation parameters were carefully 

selected to ensure accuracy and reliability in the 

simulations [17]. The simulations were conducted to 

explore the cross-sectional areas, widths, and heights of 

the microchannel for different flow rates ranging from 1 

ml/hr to 10 ml/hr.                                 

Table 1 Design parameter of a Microchannel with reservoir for controlled drug delivery 

Flow rate 

[ml/hr] 

Area 

 [μm²]     

Width 

[μm] 

Height        

[μm] 

1 4x10-15 1 4x10-15 

3 1.29 x10-14 1 1.29 x10-14 

5 2.15 x10-14 1 2.15 x10-14 

7 3.01 x10-14 1 3.01 x10-14 

10 4.29 x10-14 1 4.29 x10-14 

 

The table 1 provided in the question shows the cross-

sectional areas, widths, and heights of the microchannel 

for different flow rates ranging from 1 ml/hr to 10 ml/hr. 

As the flow rate increases from 1 ml/hr to 10 ml/hr, the 

cross-sectional area, width, and height of the 

microchannel also increase. For instance, at a flow rate of 

1 ml/hr, the area, width, and height of the microchannel 

are 4x10-15 μm², 1 μm, and 4x10-15 μm, respectively. At 

a flow rate of 10 ml/hr, the area, width, and height of the 

microchannel are 4.29 x10-14 μm², 1 μm, and 4.29 x10-

14 μm, respectively. 

The choice of flow rates and other parameters was based 

on several considerations, including the requirements for 

neonatal drug delivery, the physical properties of the 

medications, and the requirements for controllability and 

accuracy in drug administration. The flow rates were 

selected to cover a range of drug volumes, from 1 ml/hr to 

10 ml/hr, which are commonly used in neonatal 

intravenous care. The constant velocity output was chosen 

to ensure a consistent parameter for exploration. The 

cross-sectional areas, widths, and heights of the 

microchannel were meticulously adjusted to achieve the 

desired flow rates while maintaining a width of 1 μm for 

simplicity. 

In conclusion, the methodology section of the research 

which involved the use of microchannel systems and 

computational modeling to optimize the micro channel’s 

design and achieve precise flow rates conducive to 

neonatal drug administration [14] [15]. The table provided 

in the question shows the cross-sectional areas, widths, 

and heights of the microchannel for different flow rates 

ranging from 1 ml/hr to 10 ml/hr. The choice of flow rates 

and other parameters was based on several considerations, 

including the requirements for neonatal drug delivery, the 

physical properties of the medications, and the 

requirements for controllability and accuracy in drug 

administration. The methodology section provides a 

comprehensive overview of the experimental setup, 

simulation techniques, and parameter selection, offering 

insights into the rigorous approach adopted to investigate 

the design considerations for microchannel systems in the 

context of neonatal intravenous care [16]. 

Governing Equation: 

The governing equation for drug delivery release rate in 

neonatal intravenous care is often described by the 

principles of pharmacokinetics, specifically the 

intravenous infusion equation. The intravenous infusion 

equation is commonly expressed as follows: 

C (t)=(D/ V) x e –kxt 

Where: 

C(t) is the concentration of the drug in the bloodstream at 

time  

D is the dose of the drug administered. 



International Journal of Intelligent Systems and Applications in Engineering IJISAE, 2024, 12(19s), 308–312  |  310 

V is the volume of distribution, representing the apparent 

volume into which the drug is distributed. 

k is the elimination rate constant. 

t is time.. 

In the context of neonatal care and intravenous drug 

delivery, it's important to consider the unique 

physiological characteristics of neonates, such as their 

smaller body size, organ immaturity, and differences in 

drug metabolism compared to adults. 

The equation helps describe how the concentration of the 

drug in the bloodstream changes over time as the drug is 

administered intravenously. Clinicians often use 

pharmacokinetic models to optimize drug dosage 

regimens for neonates, taking into account factors such as 

gestational age, weight, and organ function. 

It's worth noting that specific drugs may have their own 

pharmacokinetic models, and the equation provided is a 

general representation. Dosing in neonatal care requires 

careful consideration and may involve adjustments based 

on individual patient factors to ensure both efficacy and 

safety. Medical professionals should always consult 

relevant references and guidelines when determining drug 

dosages for neonates. 

3. Result and Discussion 

 

Fig 1: Diffusion modelling of Reservoir with channel using COMSOL 

 

Fig 2 Velocity profile for channel with reservoir 

The diffusion modeling figure 1. of a reservoir with a 

channel using COMSOL would likely involve simulating 

the transport of a substance from the reservoir through the 

channel via diffusion [11]. This would include modeling 

the concentration gradient, diffusion coefficient, and the 

geometry of the reservoir and channel to understand the 

rate and extent of substance transport. COMSOL 

Multiphysics, a finite element analysis software, can be 

used to solve the diffusion equation and simulate the 

behavior of the substance in the microchannel system, 

providing insights into the dynamics of drug delivery or 

substance transport in the context of the specific reservoir 

and channel design [12] [13]. The identified microchannel 

dimensions, with a width of 1μm and a height of 1.29 

×10−14μm, highlight the challenges and potential 

solutions in microscale design. Such dimensions align 

with the need for minimized drug volumes and controlled 

delivery rates in neonatal care, ensuring patient safety and 

effective treatment. The rectangular cross-section was 
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chosen for simplicity, but further investigations could 

explore alternative shapes to optimize drug dispersion. 

The velocity profile for a channel with a reservoir  figure 

2. using COMSOL defines the distribution of fluid 

velocities within the channel and the reservoir. This 

profile is essential for understanding how the fluid moves 

through the system, which is crucial for applications such 

as microfluidics and drug delivery. COMSOL 

Multiphysics, a finite element analysis software, can be 

used to simulate and visualize the velocity profile, 

providing insights into the fluid dynamics within the 

microchannel system. 

 

 

Fig 3: Graph of Relationship Between Flow Rate and Microchannel Cross-sectional Area 

The presented graph figure 3. encapsulates critical 

parameters in the design of a microchannel for controlled 

drug delivery, showcasing the intricate relationship 

between flow rates and cross-sectional areas. As the flow 

rate increases from 1 ml/hr to 10 ml/hr, the cross-sectional 

area of the microchannel proportionally expands, 

signifying the nuanced balance required in microscale 

dimensions. Notably, the width is held constant at 1 μm, 

reflecting a foundational assumption of a rectangular 

cross-section for simplicity. 

The values in the graph are crucial for guiding the design 

process, providing insights into the dimensions necessary 

to achieve specific drug delivery rates. The area values, 

measured in square micrometers, illustrate the 

diminishing scale inherent in microfluidic systems, where 

precision is paramount. This information is invaluable for 

researchers and engineers working on the forefront of 

biomedical technology, particularly in neonatal care 

scenarios where controlled drug administration is critical. 

Moreover, the presented graph visually elucidates the 

direct correlation between flow rates and cross-sectional 

areas, offering a clear reference for optimizing 

microchannel designs tailored to diverse medical 

requirements. 

4. Conclusion 

In conclusion, the research explored the key design 

parameters required for microchannels with reservoirs in 

neonatal intravenous care. The study's primary objective 

was to establish a microchannel configuration that could 

reliably deliver a range of drug volumes, from 1 ml/hr to 

10 ml/hr. The methodology involved the use of 

microchannel systems and COMSOL Multiphysics 

simulations to optimize the microchannel's design and 

achieve precise flow rates conducive to neonatal drug 

administration. The resulting cross-sectional areas, 

widths, and heights of the microchannel were 

meticulously adjusted to achieve the desired flow rates 

while maintaining a width of 1 μm for simplicity. The 

presented table and graph encapsulate the key dimensions 

corresponding to various flow rates, providing a practical 

guide for researchers and engineers involved in 

microfluidic systems design. The findings hold particular 

significance in neonatal care, where controlled drug 

administration is critical for ensuring therapeutic efficacy 

while mitigating potential adverse effects.  

Future research could explore the integration of 

microchannel systems with other technologies, such as 

sensors and actuators, to enhance the precision and 

controllability of drug delivery in neonatal care. 

Additionally, further investigations could be conducted to 

evaluate the safety and efficacy of microchannel systems 

in neonatal intravenous care, particularly in comparison to 

traditional infusion pumps. The outcomes of this research 

provide a foundation for further advancements in tailored 

drug delivery methodologies, enhancing the potential for 

personalized and effective treatments in neonatal 

healthcare scenarios. Overall, the study contributes to the 

evolving landscape of biomedical technology by offering 

insights into the precise design parameters required for 

microchannel with reservoirs in neonatal intravenous 

care. 

1
3

5
7

10

0 0 0 0 0

0

5

10

15

1 2 3 4 5

Fl
o

w
 r

at
e 

(m
l/

h
r)

 

Area  (μm²)    

Area Vs Flow rate 

Flow rate (ml/hr) Area (μm²)    



International Journal of Intelligent Systems and Applications in Engineering IJISAE, 2024, 12(19s), 308–312  |  312 

References 

[1] Archana, T., Karunya, I., Krithika, R., & Subiksha, 

V. (2023). Design And Optimization Of 

Microchannel For Neonatal. 2023 International 

Conference on Computer Communication and 

Informatics (ICCCI), 1-4. 

[2] Albayrak, A., Vreede, M., Evers, L., & Goossens, 

R.H. (2018). The Role of Ergonomics in the Design 

of an Intravenous Therapy (IV) Set for Neonatal 

Intensive Care. Advances in Intelligent Systems and 

Computing. 

[3] Linakis, M. W., Roberts, J. K., Lala, A. C., 

Spigarelli, M. G., Medlicott, N. J., Reith, D. M., 

Ward, R. M., & Sherwin, C. M. (2016). Challenges 

Associated with Route of Administration in 

Neonatal Drug Delivery. Clinical 

pharmacokinetics, 55(2), 185–196. 

https://doi.org/10.1007/s40262-015-0313-z 

[4] Lala, A. C., Broadbent, R. S., Medlicott, N. J., 

Sherwin, C. M., & Reith, D. M. (2015). Illustrative 

neonatal cases regarding drug delivery 

issues. Journal of paediatrics and child health, 51(5), 

478–481. https://doi.org/10.1111/jpc.12764 

[5] Bardach, S. H., Perry, A. N., Kapadia, N. S., 

Richards, K. E., Cogswell, L. K., & Hartman, T. K. 

(2022). Redesigning care to support earlier discharge 

from a neonatal intensive care unit: a design thinking 

informed pilot. BMJ open quality, 11(2), e001736. 

https://doi.org/10.1136/bmjoq-2021-001736 

[6] Amodeo, I., Pesenti, N., Raffaeli, G., Sorrentino, G., 

Zorz, A., Traina, S., Magnani, S., Russo, M. T., 

Muscolo, S., Plevani, L., Mosca, F., & Cavallaro, G. 

(2019). Robotic Therapy: Cost, Accuracy, and 

Times. New Challenges in the Neonatal Intensive 

Care Unit. Frontiers in pharmacology, 10, 1431. 

https://doi.org/10.3389/fphar.2019.01431 

[7] Zhang, W., & Gupta, M.M. (2011). Gupta size-

controllable monodispersed microsphere generation 

by a liquid chopper utilizing a PZT actuator A 

conceptual microchannel system design 

methodology incorporating axiomatic design theory 

for.  

[8] Song, K., Zhang, W., & Gupta, M.M. (2011). A 

conceptual microchannel system design 

methodology incorporating axiomatic design theory 

for size-controllable monodispersed microsphere 

generation by a liquid chopper utilizing a PZT 

actuator. Proceedings of the Institution of 

Mechanical Engineers, Part B: Journal of 

Engineering Manufacture, 225, 1363 - 1375. 

[9] Krysiak, K., Cleary, B., McCallion, N., & O'Brien, 

F. (2023). The effect of patient's body weight, 

infusion connection point, and infusion pump 

position on intravenous multi-infusion drug delivery 

at low infusion rates suitable for premature 

neonates. The Journal of pharmacy and 

pharmacology, rgad108. Advance online 

publication. https://doi.org/10.1093/jpp/rgad108 

[10] Albayrak, A., Vreede, M., Evers, L., & Goossens, 

R.H. (2018). The Role of Ergonomics in the Design 

of an Intravenous Therapy (IV) Set for Neonatal 

Intensive Care. Advances in Intelligent Systems and 

Computing. 

[11] Pirmoradi, F., & Chiao, M. (2013). Reservoir-Based 

MEMS Drug Delivery System. 

[12] Song, K., Zhang, W., & Gupta, M.M. (2011). A 

conceptual microchannel system design 

methodology incorporating axiomatic design theory 

for size-controllable monodispersed microsphere 

generation by a liquid chopper utilizing a PZT 

actuator. Proceedings of the Institution of 

Mechanical Engineers, Part B: Journal of 

Engineering Manufacture, 225, 1363 - 1375. 

[13] Xu, Z., Xu, J., Guo, Z., Wang, H., Sun, Z., & Mei, 

X. (2022). Design and Optimization of a Novel 

Microchannel Battery Thermal Management System 

Based on Digital Twin. Energies. 

[14] Chimsiri, P., Chaiwong, C., Tongbai, C., & 

Pussadee, N. (2019). An effect of finite reservoir size 

on pressure gradient generation in a pinched 

injection sample plug generation in cross design 

electroosmotic microfluidic device. Journal of 

Physics: Conference Series, 1380. 

[15] Song, K., Zhang, W., & Gupta, M.M. (2011). A 

conceptual microchannel system design 

methodology incorporating axiomatic design theory 

for size-controllable monodispersed microsphere 

generation by a liquid chopper utilizing a PZT 

actuator. Proceedings of the Institution of 

Mechanical Engineers, Part B: Journal of 

Engineering Manufacture, 225, 1363 - 1375. 

[16] Archana, T., Nachammai, N., & Praveenkumar, P. 

(2023, October). PDMS based microchannel design 

for intraocular drug delivery system. In AIP 

Conference Proceedings (Vol. 2904, No. 1). AIP 

Publishing. 

[17] T. Archana, J. B, H. B. M, D. N and H. U, "Analysis 

of Microneedle Using COMSOL for Automated 

Drug Delivery System," 2023 International 

Conference on Artificial Intelligence and 

Knowledge Discovery in Concurrent Engineering 

(ICECONF), Chennai, India, 2023, pp. 1-5, doi: 

10.1109/ICECONF57129.2023.10083674. 

https://doi.org/10.1007/s40262-015-0313-z
https://doi.org/10.1111/jpc.12764
https://doi.org/10.1136/bmjoq-2021-001736
https://doi.org/10.3389/fphar.2019.01431
https://doi.org/10.1093/jpp/rgad108

