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Abstract 

Hematocrit (Hct) measurement is a crucial diagnostic parameter for evaluating oxygen transport capacity and 

detecting anemia or polycythemia. Conventional microhematocrit methods, while widely used, have limitations, 

including the requirement for relatively large blood volumes, fragile glass capillary tubes, manual sample 

handling, and reliance on high-speed centrifugation, restricting their practicality in point-of-care testing (POCT). 

Lab-on-a-disc (LoD) centrifugal microfluidic platforms have emerged as promising POCT solutions, offering 

automation and efficiency in blood analysis. However, most existing designs incorporate multiple microfluidic 

channels and sample inlets on a single disc, making them impractical for single-use applications. This study 

presents a novel, single-use microfluidic-based blood collection device integrated with a LoD system for 

efficient and minimally invasive hematocrit screening. The device requires only 5 µL of blood and utilizes 

capillary action for self-filling, eliminating the need for wax sealing. The optimized microfluidic design enables 

low-speed centrifugation (7,000 rpm for 5 min) while maintaining high accuracy (R² = 0.9996) compared to the 

standard method. An automated image-processing system ensures precise hematocrit measurement, while QR 

integration enhances sample identification and data management, making this system ideal for large-scale 

screening. The compact and lightweight design makes it highly suitable for mobile healthcare screening units, 

enabling rapid, safe, and cost-effective hematocrit assessment in remote and resource-limited settings. This 

proposed method significantly advances accessibility and efficiency in population health monitoring. 
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1 Introduction 

 

Hematocrit (HCT) is the proportion of red blood cells 

(RBCs) in the total blood volume and serves as a key 

indicator of the blood’s ability to transport oxygen and 

carbon dioxide [1]. Abnormal hematocrit levels can 

compromise this function and are associated with 

various clinical conditions. Low hematocrit, indicative 

of anemia, results in reduced oxygen delivery to 

tissues and may cause symptoms such as fatigue, 

pallor, dizziness, shortness of breath, and weakness. 

Common causes include blood loss, nutritional 

deficiencies (iron, vitamin B12, folate), chronic 

diseases, autoimmune disorders, and bone marrow 

suppression [2], [3]. High hematocrit reflects 

increased RBC mass or decreased plasma volume and 

may lead to increased blood viscosity, raising the risk 

of thrombosis and cardiovascular complications. 

Causes include dehydration, polycythemia vera, 

chronic hypoxia, and elevated erythropoietin levels 

[4]–[7]. Elevated hematocrit is also frequently 

observed in neonates, especially those born preterm, 

due to physiological and developmental factors [8]. 

The National Committee for Clinical Laboratory 

Standards (NCCLS) recommends hematocrit 

determination by centrifugation as the reference 

method. In this microhematocrit technique, a small 

blood sample is collected into a glass capillary tube, 

one end is sealed with wax, and the sample is 

centrifuged at 12,000 rpm for 5 minutes. Hematocrit 

is calculated by measuring the proportion of packed 

red blood cells to the total blood volume, expressed as 

a percentage [9]. This method requires only a minimal 

sample, typically obtained via skin prick from the 

fingertip or heel, and is widely used due to its safety, 

simplicity, and low cost. It is particularly suited for 

anemia screening in blood donors and high–risk 

populations [10], [11]. Anemia remains a major global 

health concern, affecting roughly one–third of the 

population [12]–[14]. It is especially common among 

vulnerable groups such as children aged 6–59 months, 

school–aged children, pregnant women, and women 

of reproductive age (15–49 years) [15]–[17]. Global 

estimates report anemia prevalence as 42% in children 

under five, 25.4% in school–aged children, and 30% 

in women of reproductive age [13], [15], [18]. Iron 

deficiency, often due to inadequate dietary intake, 

accounts for approximately 60% of anemia cases [19]. 

Regular hematocrit screening is recommended by the 

World Health Organization (WHO) and the U.S. 

Preventive Services Task Force (USPSTF) as an 

important tool for early anemia diagnosis and 

management.  Early detection is critical for initiating 

timely interventions and preventing complications, 

particularly in at–risk populations [1], [11]  

The microhematocrit method is a straightforward 

diagnostic tool that provides several benefits for use in 

large–scale surveys and screening programs. 

However, it is associated with notable limitations that 

can impact its practicality and efficiency. Firstly, the 

method requires a relatively large blood volume (50–

60 µl) [3], which can be particularly inconvenient in 

scenarios where minimal invasiveness is preferred, 

such as in pediatric patients, preterm infants, or when 

multiple daily sample collections are needed for 

treatment monitoring. The method relies on fragile 

glass capillary tubes that are prone to breaking during 

handling or high-speed centrifugation, posing safety 

risks to medical staff and leading to potential sample 

loss. Additionally, the open end of the capillary tube 

must be sealed with wax after blood collection. This 

step introduces the potential for human error and 

operational inefficiencies, as leakage of the wax seal 

can frequently result in sample loss. Reading the 

hematocrit ratio is often performed manually using a 

graphical reading device, making the accuracy of 

measurements highly dependent on the skill of the 

technician [20].  

Conventional hematocrit (Hct) measurement 

methods involve manual sample labeling and 

handling, making them time–consuming and 

susceptible to errors, particularly in large–scale 

screening programs. These methods also require high–

speed centrifugation (∼12,000 rpm), necessitating 

bulky laboratory equipment that is unsuitable for 

point–of–care testing (POCT). Additionally, the lack 

of automation reduces efficiency, making the process 

labor–intensive and subject to variability. Lab–on–

Disc (LoD) centrifugal microfluidic platforms have 

emerged as a promising alternative for rapid blood 

cells and plasma separation in POCT applications 

[21]–[24]. Previous studies have demonstrated LoD 

systems capable of complete blood count (CBC) 

analysis, including Hct measurement of a whole blood 

sample [25]. However, many of these systems rely on 

complex microfluidic designs with integrated 

fluorescent imaging, which are challenging to scale 

for industrial manufacturing. Several simplified LoD 

designs for Hct measurement have been investigated. 

For example, a polyester–toner disc with U–shaped 

channels enabled simultaneous analysis of 12 finger–

prick samples on the same disc using an imaging–

based readout [26]. Another design incorporated a 

metering channel with a downstream blind channel for 
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air–bubble priming, allowing straightforward visual 

inspection of Hct. This configuration, fabricated in a 

compact disc (CD) format, accommodated up to 9 

samples introduced by pipetting [27]. A different 

strategy integrated siphon valves at varying levels of 

the main channel to facilitate Hct estimation without 

manual measurement of fluid height, with up to 4 

samples analyzed per disc [28]. More recently, a 

dead–end microfluidic platform used centrifugal force 

and hydraulic resistance for self–filling of nanoliter–

scale blood samples, enabling Hct and white blood cell 

quantification simultaneously [29]. While LoD 

technologies offer clear advantages in automation, 

portability, and efficiency, most existing designs 

feature multiple channels and sample inlets, limiting 

their feasibility for single–use applications. In our 

previous work, we introduced a simplified single–use 

LoD–based Hct measuring device using a hand–

pumping mechanism for precise blood collection [30]. 

However, the technique differs from the conventional 

capillary–based blood collection methods routinely 

used by medical staff, potentially limiting its adoption 

in clinical settings. 

This study introduces a novel single–use, LoD–

based system for blood collection and hematocrit 

measurement that addresses key limitations of 

conventional methods. The device requires only 5 µl 

of blood, providing a minimally invasive and practical 

solution for point–of–care testing. Its microfluidic 

design enables efficient red cell packing under low–

speed centrifugation, allowing for a smaller, lower–

cost, and portable centrifugal unit. A closed–end 

microfluidic design eliminates the need for waxing, 

simplifying sample preparation. The device is made of 

durable plastic, making it unbreakable compared to 

traditional microcapillary glass tubes, thereby 

reducing sample loss and improving operator safety. 

Furthermore, the device includes a designated area for 

QR code or patient ID labeling, streamlining 

population screening tests by reducing labeling errors 

and ensuring compatibility with the automated 

hematocrit measurement system for the population's 

digital records. Collectively, these features offer a 

safe, user–friendly, and cost–effective approach to 

hematocrit testing in both clinical and population–

based settings. 

 

2 Materials and Methods 

 

2.1 Design and fabrication of the blood collection 

device 

 

The blood collection device developed in this study is 

designed to minimize pain, reduce the need for 

excessive finger squeezing, and enhance usability for 

healthcare providers. It enables the collection of an 

adequate blood sample within 20 seconds from a 

single drop using the smallest commercially available 

safety lancet (30G, 1.2–1.5 mm depth), which 

typically yields 18–32 µL of blood [31]. This rapid 

sampling improves both safety and efficiency, and the 

shallow puncture reduces pain, making it especially 

suitable for pediatric and preterm infants. The device 

measures 45 × 18 × 1.10 mm (L × W × H) and consists 

of three layers. The top and bottom layers are 

fabricated from polymethyl methacrylate (PMMA) 

sheets, while the intermediate layer consists of a 

microchannel structure produced from an adhesive 

transfer tape (3M; 467 MP). The tape comprises a 

polyethylene terephthalate (PET) sheet coated on both 

sides with a pressure-sensitive adhesive (PSA). Prior 

to assembly, PMMA layers were cleaned with 

detergent, rinsed with deionized water, and dried with 

compressed air. Layer alignment was performed using 

a pin-based alignment system, followed by compression 

at 10 kg/cm² for 2 minutes using a hydraulic press to 

ensure robust structural integrity. The device's 

composition and structure are shown in Figure 1. 

 

 
Figure 1: Exploded view of the microfluidic blood 

collection device showing its multilayer structure: a 

PMMA top cover, a PET–based microfluidic channel 

layer with double–sided PSA coatings, and a PMMA 

bottom substrate. Alignment pinholes ensure precise 

lamination, while a through–hole air vent across all 

layers facilitates passive flow and pressure balance. 
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This multilayer configuration enables well–defined 

microchannel geometries, improves mechanical 

stability, and provides robust sealing. 

 

Figure 2 demonstrates the design of the blood 

collection device, which comprises a sample inlet, a 

sample collection chamber, an air vent channel, and a 

hematocrit measurement chamber. The sampling 

volume of the device is determined by the cylindrical 

dimensions of the sample collection chamber, with a 

depth of 0.22 ± 0.02 mm and a radius of 2.6 ± 0.1 mm, 

resulting in an estimated sample volume of 4.57 ± 0.93 

µL. Before using the devices in subsequent 

experiments, all devices were treated with air plasma 

at a power of 50 watts for 30 seconds to enhance 

surface energy at the inlet tip. The blood sample can 

be spontaneously drawn into the sample collection 

chamber by capillary action within the fluidic channel. 

 

 
Figure 2: Design and dimensions of the blood collection device. (a) Top view showing the overall length 

(45.0±0.1 mm), width (18.0±0.1 mm), hematocrit measurement chamber width (1.7±0.1 mm), and flow–

resistant channel width (0.25±10%). (b) Side view illustrating the total device thickness (1.82±10%) and channel 

height (0.22±10%). (c) Three–dimensional schematic highlighting the major functional components, including 

the blood sample inlet, blood sample collection chamber, hematocrit measurement chamber, air vent channel, 

and alignment guide. 

 

During sample collection, the device is gently 

brought into contact with a blood drop on the fingertip, 

allowing the sample to be drawn into the collection 

chamber via capillary action. Once inside the 

chamber, the blood spontaneously advances into the 

microfluidic channel, which is positioned between two 

open ends: the sample inlet and an air vent. The 

movement of the liquid within the channel is governed 

by the interplay between the upward capillary force    

(Fupward) and the opposing gravitational force 

(Fdownward) [32], [33], as illustrated in Figure 3. 

Capillary forces dominate in the narrow microchannel, 

enabling passive blood transport without the need for 

external pumps or equipment. The open–ended design 

ensures continuous air displacement, facilitating 

smooth fluid flow and preventing backpressure 

buildup.  

 
Figure 3: Schematic illustrating liquid movement in 

the microfluidic channel, governed by the balance 

between upward capillary force (Fupward) and 

downward gravitational force (Fdownward). 
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When the contact angle θ between the liquid and the 

solid surface is considered, the vertical component of 

the capillary force responsible for liquid rise can be 

determined based on classical capillarity theory. The 

pressure–driven force acting along the liquid–solid 

interface can be resolved into vertical and horizontal 

components depending on the contact angle θ, with the 

vertical component contributing to liquid rise being 

proportional to cos θ. Accordingly, the upward force 

can be expressed as Equation (1) [34]: 

 

𝐹upward = σPcosθ (1) 

 

where σ is the surface tension coefficient of blood 

(53.45 mN/m) [35], P is the perimeter of the 

rectangular cross–section (which varies with distance 

from the inlet tip of the microfluidic channel), and θ is 

the contact angle between blood and the well–cleaned 

PMMA surface (64°, as determined experimentally). 

For a rectangular channel with width (w) and length 

(l), the perimeter is defined as P = 2(w + l). In this 

device, width (w) represents the thickness of the 

microfluidic channel, which is 220 µm. 

The opposing gravitational force arising from the 

weight of the liquid column can be derived from the 

classical hydrostatic pressure relationship Fdownward = 

PA, where the force exerted by a fluid at rest on a 

surface equals the product of pressure and area. The 

hydrostatic pressure 𝑃 is given by 𝑃 = 𝜌𝑔ℎ, where 𝜌is 

the fluid density, 𝑔is the gravitational acceleration, 

and ℎis the height of the liquid column. Accordingly, 

the total downward force acting on the surface of area 

A at depth h is expressed as Equation (2) [34]: 

 

𝐹downward = ρgAh (2) 

  

where ρ is the density of blood (1,060 kg/m3) [36], g 

is gravitational acceleration (9.8 m/s2), h is the height 

of the blood column measured from the inlet tip, and 

A = w × l is the cross-sectional area. The channel 

thickness (w) is fixed at 220 µm. 

In the proposed microfluidic device, both the 

capillary force (F upward) and the gravitational force due 

to the liquid weight (F downward) vary with height from 

the sample inlet tip, as they are influenced by the 

changing channel length (l) and the cumulative liquid 

volume. The relationship between Fupward and Fdownward 

as a function of height is represented graphically in 

Figure 4. 

 

 
Figure 4: (a) plot of capillary force (green, F = σPcosθ) and gravitational force (blue, F = ρgAh) as functions of 

fluid height from the inlet tip of the microfluidic chip. (b) Schematic cross–section of the chip showing the fluid 

pathway, with dashed lines (A–E) marking positions that correlate structural changes in the channel with force 

variations in the graph. 
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2.2  Blood sample preparation 

 

Blood samples used in the experiments were collected 

and prepared under an optimal protocol approved by 

the IRB committee (No. อ.1251/2565, Huachiew 

Chalermprakiet University). 

 

2.3 Precision of the sample volume collection 

 

The sample collection chamber in the microfluidic 

design determines the device's ability to control the 

collected sample volume. Once the chamber is 

completely filled through spontaneous capillary 

action, further sample flow is restricted by a narrow, 

flow–resistant channel. This design ensures consistent 

sample volume collection for each examination. To 

evaluate the accuracy and precision of sample volume 

collection, 137 devices were weighed before and after 

blood sample collection. The mean, standard deviation 

(SD), and coefficient of variation (CV) of the collected 

blood weight were calculated to assess the consistency 

and reliability of the device in controlling sample 

volume. 

 

2.4 Optimization of the centrifugal speed for 

hematocrit measurement 

 

To prepare a packed red cell for hematocrit (Hct) 

measurement using the blood collection device, a 

custom device holder was fabricated to function as a 

rotor adapter for a mini–centrifuge (Daihan Scientific; 

CF-10), as shown in Figure 5.  

 

 
Figure 5: Design of the centrifugal holder and portable centrifuge used in the experiments: (left) custom rotor 

accommodating up to six microfluidic devices (120 mm diameter) with marked radial distances from the 

centrifugal center to the bottom of the tube (49.8 ± 0.1 mm), sample surface (33.3 ± 0.1 mm), and inlet tip (10.8 

± 0.1 mm), used for calculating optimal speed; (right) photograph of the compact benchtop centrifuge (253 × 

187 mm) with the customized rotor installed. 

 

Given the dimensional specification of both the 

blood collection device and the centrifuge holder, the 

required centrifugal speed for achieving complete red 

cell packing for Hct measurement can be determined 

using the cell pelleting Equation (3), as described 

below [37]. 

 

𝑡 =
9𝜂

2𝜔2𝑅2(𝜌𝑝 − 𝜌𝑚))
 

1

(1 − 𝐶)𝑝
ln (

𝑟2

𝑟1

) 
(3) 

 

In the cell pelleting equation, t represents the 

centrifugal time, ɳ denotes whole blood viscosity, ω is 

the centrifugation speed, and R is the centrifugal 

radius. The densities of red blood cells and whole 

blood are represented by ρp and ρm, respectively. The 

packed red cell fraction is indicated by C, while r 

refers to the radial distance from the center of rotation 

to the bottom of the microfluidic tube (r2) and to the 

sample surface (r1). By assigning a centrifugation time 

of 5 min, equivalent to the duration used in the 

standard hematocrit measurement method, the 

required centrifugation speed (ω) for complete red cell 

packing in the microfluidic device was determined to 

be 6,760 rpm. Additionally, the effects of varying 

centrifugation speeds and durations on the packed red 

cell ratio within the blood collection device were 

systematically investigated, with the results presented 

in Figure 10. 
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2.5 Repeatability and reliability of the microfluidic 

device for Hct measurement 

 

This study was conducted to evaluate system 

performance during the design and development 

phase. A repeatability test requires at least 20–30 

repeated measurements on the same sample to obtain 

a statistically meaningful estimate of measurement 

variability, as recommended in ISO 5725-2 Accuracy 

(trueness and precision) of measurement methods and 

CLSI EP05-A3 Evaluation of Precision of 

Quantitative Measurement Procedures. Reliability 

was evaluated by comparing hematocrit (Hct) values 

measured using the developed system with those 

obtained from the reference method. Given that the 

expected difference between two means and the SD 

from both methods is ≤1 and ≤0.8, respectively, 

statistical analysis requires at least 13 paired 

measurements to compare two independent means (t–

test) with a 5% significance level estimated using 

Statulator Sample Size Calculator [38]. Accordingly, 

Hct measurements were evaluated using blood 

samples categorized into low, normal, and high Hct 

levels. Each sample was measured 20 times by both 

the microfluidic device and the reference method to 

assess repeatability and reliability. An automated Hct 

reader operated with LabView, as shown in Figure 6, 

was developed to measure Hct values from the 

microfluidic blood collection device. The mean Hct 

values obtained from the microfluidic-based method 

and the standard method were compared using a T–

test. Additionally, the coefficient of variation (CV) 

and total error (TE) were calculated to assess the 

repeatability and reliability of the microfluidic–based 

method in accordance with the European Federation 

of Clinical Chemistry and Laboratory Medicine 

(EFLM) database and Clinical Laboratory 

Improvement Amendments (CLIA) guidelines. 

 

 
Figure 6: Automated hematocrit (Hct) reading system 

with an integrated image processing module 

developed in the LabVIEW environment. The system 

comprises a custom optical detection unit (left) for 

capturing images of microfluidic blood collection 

devices positioned on the centrifugal holder, and a 

computer interface (right) for data visualization. The 

software automatically defines measurement regions, 

quantifies packed red cell levels, and reports Hct 

values for multiple samples simultaneously, enabling 

rapid, consistent, and reliable data acquisition. 

 

2.6 Method correlation 

 

A method correlation study was conducted to evaluate 

the agreement between the developed microfluidic–

based method and the reference method. Based on an 

expected correlation coefficient greater than 0.95, at 

least five paired samples are required for statistical 

evaluation Sample Size Calculator for Correlation 

[39]. For this study, blood samples collected in EDTA 

tubes were centrifuged to separate the red cell pellet 

from the plasma fraction. The pellet was subsequently 

diluted with plasma to prepare 120 blood samples with 

hematocrit (Hct) levels ranging from 20% to 70%. 

Each sample was measured using both the standard 

method and the microfluidic–based method. The 

resulting Hct values from the two methods were 

plotted to generate a correlation curve, and the 

agreement was assessed using the coefficient of 

determination (R²). 

 

2.7  The setup of an automated Hct reader 

 

An automated Hct reader consists of an image 

acquisition system integrated with image processing 

for measurement. The five main components of the 

setup, shown in Figure 7, include an LED module 

(light source with diffuser), a plate rotor (sample 

holder), a stepper motor (for sample positioning), a 

camera module (detector), and a control unit 

(integrating the processing system, motor controller, 

and display). During operation, a centrifugal holder 

containing six samples is placed on the plate rotor, 

which is positioned between the LED module and the 

camera module to establish the optical detection path. 

Driven by the motor control system, each sample is 

sequentially moved into the optical path. The camera, 

triggered by the control unit, captures the image of the 

corresponding sample, which is then processed by the 

image analysis program, and the results are displayed 

on the unit screen. An image processing module was 

developed in the LabVIEW environment using a fixed 

threshold approach. The camera’s focal plane 

remained constant, as the distance between the camera 

and the plate rotor was fixed within the device 

housing. Calibration was performed using a grid 



  

                             Applied Science and Engineering Progress, Vol. 19, No. 4, 2026, 8102 

    

  

 

S. Rattanavarin et al., “Novel Microfluidic Design and Lab-on-a-Disc Adaptation for Efficient Hematocrit Screening at the Population Level” 

  
8 

distortion model to correct lens distortion. For 

hematocrit (Hct) analysis, a region of interest (ROI) 

was defined over the dedicated measurement channel 

of the microfluidic device, ensuring consistent 

geometry of the analysis area. The gain and exposure 

settings were automatically controlled by LabVIEW 

software to regulate image brightness before analysis, 

thereby ensuring reproducibility and consistent 

performance under field conditions. 

 

 
Figure 7: Image acquisition setup comprising five 

main components: LED module with diffuser (light 

source), plate rotor (sample holder), stepper motor 

(sample positioning), camera module (detector), and 

control unit integrating the processing system, motor 

controller, and display. 

 

3 Results 

 

3.1 Precision of the sample volume collection  

 

Regarding the design drawing of the device shown in 

Figures 8a and 8b, the calculated blood volume 

confined within the sample inlet chamber and the 

sample collection chamber is 5.75 µl. Experimental 

evaluation using 137 devices yielded an average 

collected sample volume of 5.82 ± 0.36 µl, with no 

individual device exceeding two standard deviations 

(2SD) from the mean, as illustrated in Figure 8c. This 

result closely aligns with the designed volume, 

demonstrating the accuracy of the device’s volume 

control. The coefficient of variation (CV) was 

determined to be 6.23%, indicating a high level of 

consistency in sample volume collection

 

 
Figure 8: (a) Design of the inlet and sample collection chamber of the microfluidic device. (b) Calculated sample 

volume capacity determined from the 3D model, showing a theoretical capacity of 5.75 µL. (c) Control chart of 

blood sample uptake across 137 devices, demonstrating consistency of collected sample volume within the 

expected range. 

 

3.2 Optimization of the centrifugal speed for 

hematocrit measurement 

 

The centrifugation speed and duration were varied 

between 3,000 and 7,000 rpm for 3 to 5 minutes to 

facilitate the precipitation of red blood cells in a 

normal blood sample. The packed red cell formation 

within the portable centrifuge is demonstrated in 

Figure 9(a) and (b). The hematocrit (Hct) percentage, 

which represents the red cell packed ratio, was plotted 

for each centrifugation condition, as shown in Figure 9(c). 
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Figure 9: (a) Blood collection devices loaded in the portable centrifuge prior to centrifugation and (b) after 

separation of packed red cells. (c) Optimization of centrifugation speed and duration for packed red cell 

preparation, showing hematocrit levels as a function of centrifugal speed at 3, 5, and 7 min. 

 

The results indicate that the packed red cell 

formation reached a steady level at 6,000 rpm 

centrifugation speed for 5 min. Based on these 

findings, a centrifugation speed of 7,000 rpm for 5 min 

was selected for further experiments.    

 

3.3 Repeatability and reliability of the microfluidic 

device for Hct measurement 

 

Figure 10(a) and (b) demonstrate the preparation of 

packed red cells for Hct measurement using two 

methods: centrifugation in capillary tubes at 12,000 

rpm for 5 min and in the microfluidic blood collection 

devices at 7,000 rpm for 5 min. Blood samples with 

low, normal, and high Hct levels were analyzed 20 

times per sample using both methods. The average Hct 

values obtained from the standard and microfluidic–

based methods were plotted, as shown in Figure 10(c).  

 

 
 

Figure 10: Packed red cell samples with low, normal, and high hematocrit (Hct) levels prepared by 

centrifugation in (a) standard microcapillary tubes and (b) microfluidic blood collection devices. (c) Comparison 

of average Hct values obtained using the standard method and the microfluidic method across the three 

hematocrit levels. 
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The mean hematocrit (Hct) values measured 

using the microfluidic–based method were 30.11% 

(CV = 0.87), 41.77% (CV = 1.24), and 69.73% (CV = 

0.82) for low, normal, and high Hct samples, 

respectively. These coefficients of variation (CVs) fall 

within the expected range of biological variation 

reported by the EFLM [40]. Comparison with the 

standard method, p–values of 0.079, 0.082, and 0.085 

for low, normal, and high samples, respectively, 

indicating no statistically significant differences (p-

value > 0.05). The total error (TE) of the microfluidic 

method was 1.04%, 1.77%, and 2.16% for the 

respective Hct levels, all within the ±4% allowable 

error limit recommended by CLIA [41]. These results 

demonstrate that the microfluidic–based method 

offers accuracy and precision comparable to the 

standard technique, providing a reliable and 

reproducible alternative for Hct measurement. 

 

3.4 Method correlation 

 

Figure 11 presents the correlation curve of Hct 

measurements from 120 samples using both the 

standard method and microfluidic–based methods. 

The results show a strong linear correlation between 

the two methods, with a p–value < 0.001. The 

relationship between the Hct values obtained from 

both methods closely follows a 1:1 ratio, represented 

by the equation y=1.015x, with an R² value of 0.9996. 

 

 
Figure 11: Correlation between hematocrit (Hct) 

values measured by the standard method and the 

microfluidic–based method after packed red cell 

centrifugation. The regression line demonstrates 

strong agreement (y = 1.015x, R² = 0.9996). 

 

4 Discussion  

 

The microfluidic collection device for hematocrit 

(Hct) measurement provides accurate and precise 

results using only 5 µL of blood, which is more than 

10 times less than the volume required by standard 

methods. Utilizing capillary forces, the device enables 

self-loading without the need for pipetting tools. It is 

designed as a single–use, disposable unit and 

incorporates a QR code for individual sample 

identification. When used in conjunction with an 

automated Hct reader and cloud–based data 

management, the system offers a scalable solution for 

large–scale Hct screening. 

 Traditional methods for hematocrit (Hct) 

measurement face several limitations. These include 

the use of fragile glass capillary tubes, complicated 

procedures, and the potential for sample loss due to 

tube or wax seal breakage. Additionally, they rely on 

bulky, high–speed centrifuges, which are not suitable 

for point–of–care or mobile healthcare applications. 

Although plastic capillary tubes have been introduced 

to enhance durability [42], they still require high–

speed centrifugation and do not substantially simplify 

the overall workflow. Several microfluidic-based 

devices have been proposed to address the challenges 

of conventional Hct measurement [26], [27], [43]. 

While these devices improve ease of operation and 

reduce costs, many are not designed for individual 

sample use, making them less suitable for clinical 

applications. Furthermore, they often require extra 

pipetting accessories, which can be impractical for 

point–of–care testing (POCT) and mobile healthcare 

units. This work proposes a novel centrifugal 

microfluidic platform designed for self–blood 

collection from fingertip or heel pricks. This device 

mimics the function of traditional microcapillary tubes 

while offering significant improvements in usability 

and performance. It is made from polymethyl 

methacrylate (PMMA), a commercially available 

thermoplastic widely used for its biocompatibility, 

safety, low toxicity, and chemical stability [44]. This 

new design enables hematocrit separation without the 

need for wax sealing. It is compatible with portable 

centrifuges, enhancing its suitability for decentralized 

and resource–limited settings. Furthermore, patient 

samples are identified through QR code registration, 

ensuring accurate identification and preventing errors 

associated with mislabeling. Overall, this device 

offers a practical, efficient, and reliable solution for 

Hct measurement, particularly in resource-limited and 

mobile healthcare settings.  

 This microfluidic design features an air vent 

located at the top corner of the hematocrit (Hct) 

measurement chamber. When the device is oriented 

with the air vent opposite the direction of centrifugal 
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force, the blood flows along the chamber wall away 

from the vent, enabling efficient centrifugation 

without leakage or air bubble formation. The optimal 

centrifugal speed for complete red blood cell (RBC) 

packing in this device is calculated to be 6,760 rpm 

over 5 minutes, substantially lower than the 11,292–

12,071 rpm typically required for conventional 

microcapillary tubes [9]. This reduction is primarily 

due to the lower sample height in the microfluidic 

chamber, as described by the cell pelleting equation 

[37]. Unlike conventional methods, where sample 

height varies with blood volume, the microfluidic 

device defines a fixed sample volume through the 

blood collection chamber geometry. During 

collection, blood enters through the inlet, decelerates 

in a constricted channel, and is confined within the 

chamber. This controlled filling mechanism enhances 

measurement repeatability by standardizing sample 

volume, thereby improving the reliability and 

reproducibility of Hct measuring results. 

The self–sampling function of the device in this 

study is driven by capillary action, which can be 

optimized by increasing the hydrophilicity of the inner 

surface within the microfluidic channel. In this work, 

air plasma treatment was used to enhance the 

hydrophilicity at the inlet tip of the device. To further 

improve the device's shelf life, future research will 

focus on chemically modifying the inner surface of the 

inlet channel to sustain and enhance its hydrophilic 

properties over time. 

 

5  Conclusions 

 

We have developed a hematocrit (Hct) measurement 

system that integrates a single-use microfluidic blood 

collection device with an automated Hct reading 

system. The blood collection device requires only 5 µL 

of blood, making it minimally invasive and well-

suited for point-of-care testing. Its design enables 

efficient packed red cell preparation at low centrifugal 

speeds. Constructed from durable plastic with a 

closed-end structure, the device simplifies the Hct 

measurement process by eliminating procedural 

complexities associated with traditional methods. The 

automated Hct reader further enhances measurement 

consistency, reliability, and usability. Importantly, the 

system incorporates features that support scalability 

for population-level implementation. QR-code–based 

sample identification and cloud-based data 

management enable streamlined tracking, secure 

record integration, and real-time data sharing. These 

capabilities extend the applicability of the system 

beyond clinical settings to large-scale community 

screening and epidemiological studies. Taken 

together, this integrated approach provides a practical, 

reliable, and scalable solution for hematocrit testing in 

both clinical diagnostics and public health applications. 
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