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Abstract
Point of Care (PoC) detection equipments - medical exams that are conducted near the patient
- have seen a strong development over the last few years. The development of a spectrophotometer
of small dimensions, low cost of production and compatible with technologies of low scale fluid
propulsion would open a world of assays anda analysis that could be done within the same system.
A first prototype was built based on an emitter and receiver LEDs to determine the concentration
of total haemoglobin from a small amount of blood (< 15 µL) and compatible with the spinit R
equipment from Biosurfit. Total errors below 4% have been obtained for twenty-four venous and
capillary blood samples. A second prototype was build using the same technology allied to a
total internal reflection based technology to increase the optical path from 0.2 mm to l = 7.5 mm.
Glycated haemoglobin (HbA1c) was tested by this prototype and a total CV of CV = 2, 4% and
a total error of 3, 8% for thirty-four venous blood samples tested, with results in seven and a half minutes.
Keywords: Point of care, Glycated Haemoglobin, Clinical Chemistry, Spectrophotometry

1. Introduction
Medical exams such as blood and urine tests are
of extreme importance for the doctors to establish
a diagnosis to the patient. Nowadays results are
given to the patient at least a couple of days after
the sample collection. [1, 2] If this exams could
be made with a minimum amount of time spent
and the closest possible to the patient, where
the sample is collected, the waiting time would
be minimized, as well as costs related to the
illness and its treatment, less amount of sample
would be collected and the validity of the results in
the time of diagnostic would be more accurate. [1,3]

trying to improve their performance over the last
decade but without significant progress. [4]
It is the goal of point-of-care testing to link
a patient to a result, from sample collecting,
through pre-treatment, anaylte-specific reaction,
signal production, signal detection and reporting
of result, and do this with the best cost-to-benefit
ratio possible. [4, 7, 8] Since very few diagnostics
rely only on one specific marker or test there is
a need of an integrated PoC product that can by
itself perform the majority of blood tests. This
can be very challenging as technical requirements
can vary greatly for each component or assay step,
so thinking of integration and a design capable of
performing various blood tests - disease markers,
clinical chemistry and hematology - is imperative in
order to develop a successful real-world product. [4]

Point of care Testing is a major area of development nowadays, comprising all of the exams
that can be executed near the patients bed. [3, 4]
Microfluidic is a crucial and important area of
development since it is required to handle the
propulsion of small amounts of fluid, and how
to handle mixing and detecting in the micro
scale. [3, 5, 6]

iStat Corp. developed a micro-sensor technology
that detected a range of blood chemistries, coagulation and cardiac markers. It relies on pneumatic
actuation and capillary action to handle drops of
Various companies have developed working PocT whole blood, and performs simultaneous assays in
products. Lateral flow tests are a major class less than 2 minutes. [4, 9]
of point-of-care testing, consisting on a narrow
membrane that makes use of capillary action when
Abaxis has taken a disc-like approach. It tests
adding the sample to move the fluid without user small-molecule and protein markers for metabolic,
intervention. There has been industry interest in lipid, liver and renal diseases. Focus Diagnostics
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detect nucleic acid signatures for respiratory detected light intensity that travels through a sampathogens and both use centrifugal forces to move ple of distance l is dependent on the concentration
c of the elements in the sample that absorbs in the
fluids. [4, 10, 11]
emitted light’s wavelength,
Biosite uses a test strip with textured miI
crostructures to test for a range of protein and
= (λ) l c
(1)
A = − ln
I
0
small-molecule markers for cardiovascular disease,
drugs of abuse and waterborne parasites. However
being A called the absorbance and (λ) the
it still requires a pre-treatment of centrifugation to absorptivity, or extinction coefficient, that depends
separate plasma from red blood cells. [4]
on the wavelength of the emitted light. I is the
intensity passing through the sample and I0 is the
intensity that would arrive to the detector if no
absorbing sample was in the light’s path [13]

There are other companies that have working
and approved PocT systems, most of them acting
the fluid by pneumatic forces, but most of those
systems were designed for one or few different tests
and are of extremely complex - or even impossible
- integration with other tests using the similar
approach. [4, 6]

Working with a portable device as using a
CD-like format with a thickness of 1.2 mm, the
optical path will be reduced drastically and hence
reducing the measured absorbance. A beam of
light passing vertically through the solution in a
CD format won’t have a sufficient optical path
in order to have a measurement with sufficient
resolution and precision. [6, 14, 15] Various ideas
have been thought and tested to increase lopt . Optical waveguides have been proposed to guide the
light in order to increase the optical path. [16, 17]
Hollow waveguides have an intrinsic loss inversely
proportional to the cube of the waveguide’s length,
which is problematic in their use for microfluidic.
Using square hollow waveguides an efficiency of
η = 60% was achieved over a distance of 3.2 cm,
with a detection limit (considered to be a signalto-noise ratio S/N = 3) of 200µM fluorescein using
a 50µm path length and a simple photocell detector.

Biosurfit is a portuguese company that uses centrifugal microfluidic to move fluids with the goal to
create a single machine (spinit R ) that can be able
to perform the vast majority of blood tests with
only a small amount of unprepared blood sample
(5µL) in less than 10 - 15 minutes. (Figure 1) CRP
testing is already commercial, and a blood count
system with Leukocyte counting and Hematocrit
measurement has also been developed. [12] The
next step is to implement in the same format and
universal CD system a biochemical analysis for
clinical chemistry parameters.

Also integrated micro-lenses have been tested
to detect fluorescent species in microfluidics
with a successful detection of a 10-nM Cy5 with
S/N = 21 dB. [18] There have been some attempts
to use optical fibers [19, 20] and total-internalreflection in silicon micro mechanics [21].
All these approaches mentioned above require
however complex chip designs and high-accuracy
alignment of the optical componentes, making it
hard to be competitive and the low-cost detection
method that is required. [22]
Most recently it has been tested the use of
micro-ring resonators to perform absorption spectroscopy. [23] This ring resonator is designed so
Colorimetric detection by spectrophotometry has that, at resonance, light circulates many times
been used in clinical chemistry applications to de- within the ring and thus leading to a larger
tect some biochemical markers in addition to vari- enhancement in the interaction between light and
ous blood protein panels. [6] Spectrophotometry is the cladding liquid and increasing the optical path
based on reading the amount of light that passes several orders of magnitude than the circumference
through a certain solution. Beer-Lambert Law of the ring resonator itself (of about 5 mm). Its
states that the relation between the emitted and measurements have shown good agreement between
Figure 1: Spinit machine by Biosurfit.
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commercial spectrophotometer and the absorbance LEDs are significantly cheaper than photodetecusing the micro-ring device for a less than 0.2µL of tors and photodiodes and they can also be used
as light detectors when applied in reverse mode. [25]
N-methylaniline.
LED-photodiodes are considerable less sensitive
than commercial photodiodes, so direct measurements without amplification of the photocurrent is
difficult, however it was shown that very precise
and accurate measurement of the photocurrent is
possible using a simple threshold detector and a
timer circuit. [27,28] Knowing that light intensity is
proportional to a discharge current on the detector
LED (ilight ) and neglecting the detector-LED
proper small escape current (idark ), one can relate
the detector discharge time (td ) with the sample
absorption [27], since

MTEK has however used and tested a much simpler approach and successfully integrated it into a
lab-on-a-chip CD. The guidance of the optical beam
is achieved by total internal reflexion (TIR). [14,15]
When a light beam changes from a media 1 to a media 2 with index of refraction n1 < n2 , according to
Snells Law well have a critical angle
θc = arcsin

n1
n2

(2)

where for angles θ > θc all the light is reflected. Assuming a refractive index of n2 = 1.5 for polymers
usually used in clinical diagnosis, and being n1 = 1
for air, we have from equation 2 a critical angle
Q
Q
≈
.
(3)
td =
θc ≈ 41. Two triangular (V-shaped) prisms can be
ilight + idark
ilight
used as reflectors, positioned with an inclination of
where Q is a constant (accumulated charge).
45 with the surface, one on each side of the test
From
equations 1 and 3, the final expression can
chamber. This way the light beam initially sent
be
written
as follows [27]
vertically is reflected by the first prism and the
light would path horizontally the whole length of
ln t = (λ) c l + ln t0
(4)
l = 10 mm of the detection chamber, before being
sent back vertically to a detector by the other
where t is the discharge time measured by the
prism with the same inclination. (Figure 2)
detector LED, for a certain ∆V (Vt − V0 ), when
the light passes through the desired sample and t0
the discharge time provoked by the emitter LED’s
intensity without being absorbed.

As stated before, Biosurfit is a company whose
goal is to develop a machine that can perform various blood assays. Biosurfit’s disc format permits
chambers of only 200 µm thickness, so the optical
path is clearly not enough to have a good signal
to noise ratio in absorbance measurements. The
goal of this project is to develop a clinical chemistry assay based on the two technologies described
before, TIR and PEDD, that can robust enough
to detect clinical chemistry parameters with the required performance criteria and to be integrated in
the microfluidic and disc design and constraints of
spinit R . To study the performance of the PEDD
technology with clinical chemistry detection within
the disc thickness constraint a smaller prototype
will be built without the TIR technology, by measuring Total Haemoglobin concentration. The finalized prototype with both the PEDD and TIR
technologies will be assessed by the study and measurement of HbA1c using a standard immunoturdimetric assay.

Figure 2: Representative image of the TIR method.
E and D are the emitter and detector-LED and L
is the optical path the light travels.
Glucose, alcohol and total haemoglobin concentration were measured using this approach on a
disc, with excellent results. [14, 15, 24]
Light Emitting Diodes (LEDs) are nowadays
applied in modern optoelectronics as they are
extremely cheap, stable, robust, small in size
and have a long lifetime as they are low-powered
and intensive light sources. [25–27] They cover
a broad spectral range from UV to NIR and
have a narrow emission spectra, allowing high
selectivity in many kinds of determinations. [25]

2. Total Haemoglobin Concentration
Prior to developing a system that can allow us to increase the optical path in order to have a higher resolution in absorbance measurement using a PEDD
3

half-viewing angle of 4◦ as an emitter. At this
wavelength we have a triple isobestic point for
HHb, HbO2 and HbCO, while MetHb variations
are basically neglected.

system, it was developed a slightly simpler prototype which would give us a proof of concept of our
method allied with a better and easier understanding of its behavior, knowledge that we would benefit a lot from when transitioning to a more complex
setup.

RBC lysis was accomplished with a 4% saponin
solution in a 0.9% NaCl solution. A dilution of
2.1. Implementation
12 µL of blood with 4µL of the saponin solution
An electronic board designed specifically for our lysed the cells in a maximum of three minutes,
setup was used, connected and powered via an USB depending on the Hb concentration. The lysed
cable. It works with a timer circuit that counts blood is inserted inside one of the chambers and
the amount of time that a certain receiver LED - placed between a vertically aligned PEDD system.
connected to the board - takes to drop from 5 V Ten measurements are instantaneously taken and
to a certain threshold voltage. It communicates an algorithm uses the average to retrieve the Total
with the computer as a Serial RS232 port so Hb concentration.
the software Termite 3.0 for Windows was used
for such communication. The output time is in
All the data was treated using Microsoft Excel
microseconds.
from Microsoft Company.
Testing discs were designed and manufactured
in Biosurfit. They comprised of several chambers
- ten in the first version of the disc, forty-two on
the second - with a circular shape - 6 mm radius
for the first, 4.5 mm for the second. This chamber
design was cut into a a three-layered bi-adhesive
tape, of t = 225 µm to approach the 200 µm from
spinit R and two PMMA discs were glued to the
tape, one on each side. A drill was used to open
two holes in each of those chambers for liquid entry
and air exit. The second version of the discs can
be seen in figure 3.

2.2. Results
Non-lysed blood samples were primarily tested but
the discharge times varied drastically and without
reproducibility with time due to RBC aggregation.
(Table 1)

t (s)
60
180
240
300
360
720

[Hb] = 14, 5 g/dL (µs)
756
734
725
704
695
652

Table 1: Discharge time (µs) over time (s) for undiluted blood sample with [Hb] = 14.5, Emitter and
detector LED: 589 nm.
As for the absorbance in the 589 nm the maximum discharge time was extremely far from the
saturation discharge time of the receiver LED around 2500 µs. Beer-Lambert Law (eqn. ??)
states that by increasing t0 , that is, decreasing the
intensity read by the receiver LED without any
sample, would not only increase the discharge times
but also increase our range. Since the distance
between LEDs was fixed t0 could be increased by
decreasing the tension applied to the emitter. Even
with the lowest tension required for the LED to
power on (around 2.4 V ) we read discharge times
of maximum 600 µs for the high concentration
samples - quite far from saturation. The LED was
than powered at 2.7 V , so that it’s not at the limit
of the threshold voltage for the LED to power on,
and yet maximizing our range.

Figure 3: Final [Hb] disc with the three layers of
bi-adhesive tape with cuts working as chambers.
Two different LED as emitter and receiver was
used. The first PEDD comprised of a AND180HYP
LED from AND Optoelectronics, with λ = 589 nm,
a luminous intensity of 9.75 cd and a viewing angle
of 6◦ as both emitter and receiver. At this wavelength the relation between the most-absorbent
and least-abosrbent Hb fractions is minimal.
The second PEDD comprised of the same LED
as a receiver but a LED545-06 from Roithner,
with λ = 545 nm, output power of 8 mW and a

Figures 4 and 5 show a calibration curve made
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with eight whole blood samples with a dilution of 1:1/6 (blood:saponin solution) and 1:1/3
(blood:saponin solution) respectively for the 589
PEDD. It can clearly be seen that diluting 1:1/6
is not enough for a full lysis and results are not
coherent with each others. When started using
dilution of 1:1/3 all of the blood samples lysed in
less than two minutes, and the calibration curve
can be seen as linear with a correlation factor of
R2 = 0.9769.
Figure 6: Spinit* [Hb] (g/L) against Reference
Method [Hb] (g/L) for a LED with λ = 589 nm
Twenty-four samples were tested and the regression curve relating our results with a reference
laboratory can be seen in figure 7.

Figure 4: The logarithm of the discharge times
against [Hb] (g/dL) for eight whole blood samples.
Dilution: 1:1/6

Figure 7: Spinit* [Hb] (g/L) against Reference
Method [Hb] (g/L) for a LED with λ = 545 nm
The 545 nm LED as an emitter provided a
wider range due to the higher absorbance. Total
analytical error was below 4% for each sample
tested. The main disadvantage of this LED is the
fact that it is insensible to MetHb variations, but
Figure 5: The logarithm of the discharge times this variations are extremely rare, as the normal
against [Hb] (g/dL) for eight whole blood samples. physiological conditions of MetHb are of 0-1%.
Dilution: 1:1/3
3. Absorption Module
3.1. Implementation
The board remained the same as in the previous
prototype with a smaller change that would allow
us to read higher discharge times. Also output
time is dt = 0.542 µs. For the TIR approach a disc
layout with prisms was designed and manufactured
by Axxicon. They consist of six chambers of
thickness t = 200µm at the same radius, 24◦ from
each others. This chambers have a channel that
Using the same dilution the 545 nm PEDD was is 7.5 mm long, from now on referenced as our
tested. The voltage powering the emitter LED optical path. The prisms are 0.75 mm wide and
had to be raised to 3.7 V as in this wavelength 200 µm thick, with 45◦ walls facing our optical
the absorbance is higher than in the 589 nm, and path. (Figure 8)
our discharge times were too close to saturation.
Using a dilution of 1:1/3 (blood:saponin solution) several blood samples were analyzed. For
the 589 nm PEDD, forty-two whole blood samples
were analyzed, ten being fingerstick and 32 being
venous blood, spanning from 8.5 to 17 g/dL of
Total Haemoglobin. The regression curve relating
our results with a reference laboratory can be seen
in figure 6.
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blood were diluted with 1000 µL of an hemolysant
reagent comprised of mostly water. Than 2 µL
of this dilution was added to 70 µL of a latex
solution in water (< 0.13%). Both hemoglobin
and HbA1c have the same unspecific absorption
rate to latex. This mixture was left incubating for
one minute at room temperature, and than 25 µL
of a monoclonal-polyclonal antibody pair reagent
was added. The monoclonal antibody is a mouse
anti-HbA1c and the polyclonal a goat anti-mouse.
The monoclonal antibodies will than bind solely to
the HbA1c beads and the polyclonal will enhance
the aggregation of the latex beads connected to
the HbA1c. The higher the percentage of HbA1c,
more HbA1c is around each latex bead, and denser
and bigger aggregates are formed. This mixture is
Figure 8: Chamber sketch of our prism discs. f1 and incubated at room temperature for 30 seconds or 1
f2 represent the walls the light crosses to measure minute and placed inside the disc chambers.
absorbance and p1 and p2 represent the prism-like
structures.
3.2. Software
Disc assembly is quite different from has been
previously done. Another disc layout was designed
and manufactured in Biosurfit. This disc layout
comprised of chambers, also 200 µm thick, with
about 1.5 times the area of our prism disc chambers. These chambers would allow the user to
insert the liquid and than send it to the prism disc
chambers at a desired time when centrifuging. A
channel would connect both chambers. Since both
discs are assembled with a dry bonding film in
between, the prism disc chamber layout was cut in
the dry film so that the liquid could connect from
one disc chamber to the other. Assemblage with
dry film was made using a hot-rolling process.

The Absorption Software is the software that allows
our method to maximize range and resolution. It
is divided in five modules with three different main
functions, from which the most important are the
’measure’ and ’finder’ functions.

The ’measure’ function uses the stepper motor
to find the minimum discharge time. It records a
discharge time, moves a small step to the center
of the prism, and records a discharge time again.
This process is repeated until a minimum is found
and the discharge times start to increase. When
the discharge time read is a security margin higher
than the minimum gathered value, this minimum
is confirmed as an absolute minimum, and not a
The LED used was the B5B-436-30 from Roith- local minimum. This process can be repeated auner, with λ = 660 nm, output power of 3.5 cd and a tomatically, with the stepper going back and forth,
viewing angle of 8◦ . Both LEDs were attached to to take various minimum values or to monitor
a disc tray and immobilized, and manually aligned dynamic reactions.
with Thorlabs Manual Stages until the emitter
LED was above the inner prism and the receiver
The ’finder’ function uses the PEDD system
above the outer prism of the prism discs. A box
was built to place the disc tray inside so that no itself as a sensor to find the desired chamber. It
outer light could affect our results. A stepper uses the detected discharge time to understand if
motor is placed in the disc tray, and allows our the PEDD system is above a prism or not. When
above a prism, the stepper takes a step of about the
discs to slowly rotate.
distance between two chambers, and this process is
A software was developed that would find the repeated until no more chambers are found. When
minimum discharge time value for each chamber no more chambers are found, the system possesses
and measurement. The sample would be inserted a positional awareness and can rotate backwards
inside the bigger area chambers and by centrifug- automatically to the desired chamber.
ing, it would be led to the prism discs chamber
with the optical path.

A ’log’ file is automatically generated reporting
all measured minimums, all errors - if any - and
As for the HbA1c study, a standard immuno- other relevant parameters. All of the accepted minturbidimetric assay was performed.
20 µL of imum values are placed under an ’accepted’ file.
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3.3. Results
Various tests were performed to assess the quality
and performance of this prototype. Figure 9 shows
that each chamber is different from one another,
but our software is being able to reproduce the
results within different measurements.

Figure 11: Discharge times (dt) for a latex reagent
and dilutions - %Latex is the percentage in volume
of the latex reagent within the solution with water.
a relation between the air and sample values, and
both the water and the latex samples were always
distinguishable.
Figure 9: CD21 discharge times measured for each
chamber using an early version of the Absorption
Software.
A blood plasma sample was diluted in PBS and
the different dilutions placed inside different chambers. Figure 10 shows the results. An identical
set-up was employed using a bead solution diluted
in water, and the results can be seen in figure
11. Both graphics show that our system is indeed
measuring absorbance.
Figure 12: tair (dt) against tsolution (dt). The yellow line represents a line of slope 1 that passes
through the L1 solution average point (±SD) closest to any Water point. The grey line represents a
line of slope 1 that passes through the Water solution average point (±SD) closest to any L1 point.
Blue and green lines represent the slope 1 lines that
better fit to the L1 and Water average minimum
discharge time measured.
Using a standard immunoturbidimetric assay kit
from Futura System S.r.l. for HbA1c determination, the reaction was studied in order to asses the
quality of our instrument for diagnosis purposes.
Using two different protocols, the first providing
results in 14 minutes (3 min protocol) and the
second providing results in less that 8 minutes
(1.5 min protocol), HbA1c was measured and the
regression lines relating our equipment results with
the reference method can be seen in figure 13 and
figure 14.

Figure 10: Discharge times (dt) for a plasma sample
and dilutions - %Plasma is the percentage in volume
of plasma within the solution with PBS.
Since different chambers have different behaviors,
a study was made to assess if we could relate the
same chamber in different discs. Various water
samples were placed inside chambers six of different
discs, and than the relation between that chamber
air value - that is, minimum discharge time with
no sample inside - and the sample value was
compared. The exact same thing was made in the
same chambers for a highly diluted latex sample 1 µL of a 10% latex 0.1 µm solution diluted in 1000
µL of water (L1). Figure 12 shows that there is

The 3 min protocol provided a pooled CV - with
thirty samples measured in duplicate - of 3.3%,
whereas the low HbA1c sample have a constant
high CV. Three reagent lots were used to retrieve
this thirty samples results, but only one calibration
7

any clinical chemistry parameters.
The Total Haemoglobin prototype directly transformed a discharge time read into [Hb], meaning
that test results happened in a matter of two
minutes due to sample lysis.
Imprecision, total error and CV for the HbA1c
values were on or below the specified analytical
performance criteria (CV < 3% and maximum bias
allowed of ±0.75% HbA1c). Being a prototype,
with still manually prepared samples and small
incubation times compared to the laboratory
protocols, it is expected that when integrated into
a product with blood preparation automatized,
this imprecision will lower even more.

Figure 13: Comparison between spinit PoC HbA1c
prototype (%) and HPLC laboratory reference
method (%) for the 3 minute protocol.

The critical issue of the idea, that is, the
alignment, that could lead to low light intensity
traveling through the sample, was totally solved
and it is believed that the stepper-like approach
and the algo- rithm are stable, robust and flexible
enough to implement in another spinit R without
any main problems or concerns.
The algorithm itself is also flexible enough so that
multiple LEDs can be used as emitter and detector,
so that an array of different wavelength LEDs can
be implemented inside the spinit to test for a wide
variety of clinical chemistry parameters. (Figure
15)

Figure 14: Comparison between spinit PoC HbA1c
prototype (%) and HPLC laboratory reference
method (%) for the 1.5 minute protocol.

curve was built, using the first eight measured
samples.
The 1.5 min protocol provided a pooled CV with sixteen samples measured in duplicate - of
2.4%. Low HbA1c samples gave much lower imprecisions. A few samples had CVs over 3%, but
always when two different operators performed the
duplicate. With the same operator preparing the
sample manually, CVs fell around 2%. Total Error
is below 4%.
4. Conclusions
Both Total Haemoglobin concentration and HbA1c
prototypes revealed themselves robust, accurate,
and with the necessary range, precision and performance to measure the desired parameters within
the specified criteria. The TIR system alongside
the developed system and software allows us to
increase drastically our optical path and measure
the light absorbance with a high resolution and
precision. The PEDD system allows us to create a
low-cost instrument with multiplexing capabilities
without apparent loss of range. Different testings
on our system, such as with blood plasma, latex
beads solutions and HbA1c reveal the system as
suitable not only to HbA1c measurements, but to

Figure 15: SolidWorks sketch of a possible implementation of various PEDD system for multiple clinical chemistry parameters analysis within
spinit R .
The promising results obtained are leading
Biosurfit to continue the presented work for a set of
products for commercialization. An HbA1c assay
test is a very important point-of-care test, since
patients are advised to take to test at least each
three to four months, and point of care systems
8

have been struggling to deliver an assay with the
optimal performance for HbA1c.
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