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Abstract

Purpose: Patients who had undergone mechanical heart valve replacements, who have atrial fibrillation
or deep vein thrombosis, need drugs called oral anticoagulants to prevent blood clotting and need regular
testing of Prothrombin Time/International Normalized Ratio. Conventional laboratory approaches are
time consuming, need blood component separation and a regular visit to clinical labs. The burden of
PT measurement on the clinical laboratory is huge globally, which raise need for point of care, quick
and user-friendly device. Methods: In this study we have proposed a handheld device based on the
image processing for the PT/INR detection. Cost effective disposable strips were fabricated using
thromboplastin as reagent. Device and strips were tested for 100 samples in clinical set up as per the
ISO standard 17593 “Clinical laboratory testing and in vitro medical devices - Requirements for in vitro
monitoring systems for self-testing of oral anticoagulant therapy”. Results: Data was compared with the
values obtained from clinical laboratory using automated coagulometer T Coag DT-100 (Trinity), and
commercially available Point of Care (POC) device from Roche, Diagnostics. A correlation coefficient (r)
of 0.87 & 0.77 was observed between lab vs Chitra device and Chitra device vs commercially available
device, respectively. Conclusion: Clinically accepted correlation may be obtained after automation of
the strip fabrication technique. The proposed device is cost effective and easy to operate and works on
the novel approach of image processing. To best of our knowledge this is the first report on the image
processing-based PT/INR monitoring device.
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Introduction

As per World Heart Federation, 17.1 million lives are claimed by the global burden of
Cardiovascular Diseases (CVD) and stroke; 82% of which are in developing world [1]. Many
of the patients with CVD like those who had undergone mechanical heart valve replacements,
who have atrial fibrillation or deep vein thrombosis or stroke, need drugs called oral
anticoagulants to prevent blood clotting [2,3]. These drugs have very narrow therapeutic
range and even minor variation in the doses can lead to bleeding or thrombosis [4-6]. Most
of the patients need lifelong drugs and regular monitoring is essentially needed to maintain
the PT/INR in the narrow therapeutic range and for anticoagulant dose adjustment. This
causes a huge burden on the clinical labs and discomfort to the patients as they have to travel
long distances to check PT/INR. India has huge burden of CVD and we have a huge number
of patients who needs oral anticoagulant therapy [7]. Most of the primary health centers,
or even district hospitals in the urban areas in the country are not equipped with the PT
monitoring devices; and there are logistic issues related to trained staff. So many patients are
forced to skip PT/INR measurements leading to catastrophic complications [8,9]. Availability
of POC devices can solve the problem of accessibility and availability. Thus, the demand for
reliable POC devices is on the rise in India and other developing countries.
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PT analysis depends on the clotting of blood/plasma samples
in the presence of calcium and tissue thromboplastin. The
methods used in the laboratories are based on mechanical, optical
or impedance principles [10]. The Point of Care Devices (POC)
available in this sector works on different methods like cessation
of iron nanoparticles, photoptic detection of decrease in blood
flow, change in the optical density or change in the impedance of
the samples. Potential advantages of POC INR testing include rapid
testing time (typically within seconds) and ease of frequent out-
of-hospital testing. These allow INR monitoring of the patients
who are home-bound or, as well as in those for whom drawing
venous blood samples is difficult. Thus, reduces burden on health
care system and enable patients to self-test and self-manage their
Vitamin K Antagonists (VKAs) therapy with favorable outcomes [8].

Anticoagulation management services also have reported that
POCINR devices improve clinical efficiency and patient comfort and
satisfaction compared to traditional venipuncture methods [11].
POCs devices facilitates more frequent testing of anticoagulation
levels which in turn improves time in Therapeutic Range (TTR) and
reduces bleeding and thrombotic complications in patients on oral
anticoagulation therapy [12]. Though there are various PT/INR
monitoring devices are available, cost of consumables hinders their
use in the developing countries like India [7].

In our approach we explored image processing of blood
samples after reacting with thromboplastin for analyzing the PT
as a direct method. Changes in the two subsequent images were
captured continuously. Clot detection was recorded when there
was no change in the two subsequent images. INR was calculated
and data was compared with the laboratory test as well as with the
commercially available POC device. External quality control of POC
devices is essential to ensure that results are robust. One approach
was to collectavenous sample at the same time as POC testing, which
is analyzed using an appropriate hospital laboratory analyzer. It has
been recommended that INR results should be within 0.5 of each
other when measured by each method [13]. However, previous
studies have shown that when compared with clinical laboratory
values, POC devices may show statistically significant differences
between the INR values [14].

Methods

The Chitra PT/INR Monitor works on the principle of Image
processing techniques by continuous monitoring and analyzing
blood movement dropped to a micro porous paper. A camera is
kept focused to the micro porous paper strip which has a coated
well with thromboplastin or neoplastin, where a small quantity
of blood preferably less than 10ul is allowed to flow. A timer is
triggered, and camera starts capturing the pictures. The camera
captures images of blood path while flowing through the passage
and a timer is disposed to measure elapsed time when blood stops.
The camera takes pictures of the blood flowing through the blood
contact surface and gives to the electronic hardware where the
image processing is done. The electronic hardware which obtains
the captured images, perform image processing by filtering and

subtracting two consecutive images, pixel by pixel to determine
the clotting of blood, thus cessation of movement and exactly
imposed images. The device determines blood clot time after image
processing and count of pixels of subtracted image. The device
checks for any variations in pictures of consecutive intervals and
identifies the time when no change in consecutive images occurs as
clotting time of blood sample. From the time taken for the sample
of blood to clot, INR is calculated as per the Equation 1; using
measured Prothrombin Time (PT test), the average Prothrombin
Time (PT) stored in memory (PT control) based on the control
samples tested on the same device and the International Sensitivity
Index (ISI) of the reagent.

INR = (PT test/PT control)” (Equation-1)

The Chitra PT/INR monitoring system has two components. A.
Strips B. PT/INR Monitor (Device). The details of the components
are mentioned below.

Strips

Different strip designs were tried in order to optimize the
best performance in terms of consistency, repeatability and
reproducibility. The final strip design is given in Figure 1, consisting
of a base slide, a micro porous paper and a black film coating. The
base slide is a plastic substrate of 1mm thickness having a channel
of 0.2mm depth with a well on one end of depth 0.8mm and a
channel length of 3cm. The base slide is made using polypropylene
polymer with Rapid Prototyping 3D printing machine. A micro
porous paper (Whattman 1 filter paper) with a pore size of 10-
15um and thickness of 1.8mm was cut and placed into the channel
present in the plastic base slide. A thin wick was extended to the
well in order to maintain the stability and repeatability. The wick
is provided to ensure that the blood flowing into the micro porous
paper spreads only after proper mixing of blood with the reagent
a shown in Figure 1. A black film coating in the same size as that
of the slide is placed to cover the base slide along with the micro
porous paper in the channel for its proper placement and to get the
required image.

PT/INR Values

Figure 1: Pictorial abstract.

PT INR Monitor

Chitra PT/INR Monitor is designed to meet the objective
of creating an affordable PT/INR monitoring device with equal
performance. The design is created by using a readily available
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low-cost microcomputer Raspberry Pi and open-source software
in PYTHON. The detailed assembly drawing indicating the various
parts and its physical location is given in Figure 2 and the assembled
handheld device for testing is shown in Figure 2. An algorithm for

capturing the images and image processing for determination of
blood clot as well as computation of prothrombin time is written in
Python for controlling the device as shown in Figure 3.

Figure 2: Strip design.

Outer Casing (Front side)

Figure 3: Various parts of the Chitra PT/INR monitoring device B. Assembled device.

Subject selection

Consecutive 100 subjects were recruited in the study from the
PT clinic of the hospital wing of the Sree Chitra Tirunal Institute
for Medical Sciences Technology, Trivandrum (An Institute of
National Importance under Government of India), after obtaining
the Institutional Ethics Committee approval (Approval No SCT/
IEC/1086/2017) for the study. All the tests were done using the
capillary blood and at the clinical set up. All subjects recruited in the
study were on warfarin for regulating their PT either post surgically
for implants/ stent/ or due to cardiac or neuro complications for
which they were recommended regular PT monitoring. Subjects
between 25-65yrs of either sex, post-surgical, with implants or on
warfarin were selected as test. Healthy volunteers were tested as
control samples.

Test on the device

Capillary blood was used to check the INR in the device
under testing (reagent neoplastin with an ISI of 1.28) and on
the commercially available POC device. Number of samples
against different INR ranges for proper evaluation of the PT/INR
Monitoring device test was planned as per the guidelines provided
in ISO 17593. Samples were done randomly and were put into the
groups as per the standard. Study was terminated up on getting
desired percentage as mentioned in Table 1 was met for each group
except group 4 & 5). As subjects were on medications in the doses
prescribed based on their clinical condition, adequate number of
patients in higher INR patients couldn’t recruited in the study as
per the standard (eg INR 4.6 to 6). Table 2 summarizes the number
of samples tested in each group for the study. Simultaneously,
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blood samples were collected through venipuncture from all
subjects recruited in the study for analyzing PT value of patients in
laboratory and comparing the value with the device in test. Plasma
was separated by centrifuging the blood samples at 1500g for
10min and analyzed on an automated coagulometer T Coag DT-100
(Trinity) using neoplastin CI (Diagnostica Stago with an ISI of 1.4).
The mean normal PT value was 14s.

Table 1: INR values of samples for system accuracy verifi-
cation as per ISO 17593.

Number Fraction of Samples? INR Values
10 to 15 Below2,0
15 to 40 2,0t02,8
15 to 40 29t03,7
10 to 30 3,8to0 4,5
5to 10 4,6 t0 6,0

Table 2: Test samples used for the analysis in different
groups.

% of Fraction of Samples INR Value
20 <2
40 2-2.8
33 2.9-3.7
6 3.8-4.5
4.6-6.0

Comparative analysis

100 samples were tested in laboratory using automated
coagulometer T Coag DT-100 (Trinity), Chitra PT INR device and

commercially available POC device (CoaguChek, Roche). Correlation
curve was generated between the groups. Paired t test was applied
to assess differences in INR values obtained by three different
test methods and two sample methods. A p value of less than 0.05
was considered significant. Pearson correlation and Intraclass
correlations were calculated to determine correlation between
values obtained with the Chitra device and the laboratory. Data
analysis was done with graph pad prism 8.2.1 software. Agreement
was also assessed by Bland Altman Analysis [9].

Statistical analysis

Unaired t test was performed using the graph pad prism
software.

Results and Discussion

Device and strip design

Device was designed and fabricated in-house using a novel
imaging-based technology. Camera was fixed at the sample channel
so that sample movement in the strip can be captured. Strips were
fabricated on the polystyrene base with a reagent well and channel.
Microporous filter paper was fixed in the channel and strips were
sealed with thin black plastic sheet to avoid noise during the image
processing. Neoplastin (Diagnostica Stago), was immobilized on
the reagent well by freeze drying after optimizing the concentration
of the reagent. Once samples are loaded on the reagent well,
sample through capillary action moves on the strip. Movement of
the sample was captured as 30 images/sec by the camera. Two
subsequent images were imposing on each other to analyze the clot
formation. Time point with zero difference between two images
was calculated as Prothrombin time. INR was calculated using the
mean PT (14sec) of control and ISI of neoplastin (1.28). Figure 4
explain the procedure for the data capturing.

Initiate Timer T=0

[ Get First Image & initiate Delay I.—
[ Gt Second Image sfter delay ]

'

I Get difference Image = Second Image — First Image ]

!

[ Count No of white pixels in difference Image ]

Is White Pixel Count <

Threshaold

Figure 4: Algorithm for prothrombin time measurement.
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Comparative analysis

All values obtained using the Chitra device were compared with
the Coagu Chek (Roche, and laboratory test data. A good correlation
was seen with correlation coefficient (r) of 0.87 & 0.77 between
lab vs Chitra device and Chitra device vs commercially available
device respectively (Figure 5). When subjects with INR value <2.5
and those with INR 22.5 were analyzed separately, correlation
(r) of 0.79 & 0.81 was observed for subjects <2.5 INR & >2.5 INR
respectively with respect to the lab (Figure 6) and 0.51 & 0.66 with

respect to the POC device. Bland Altman plot analysis for all data
points as well as for the values 2.5 and 2.5 also showed differential
variation within the acceptable range compare to the lab and POC
device (Figure 7). It's evident from the data that device in the test
performed accuracy measurement comparable to the laboratory
and the POC device (Figure 8). However, better correlation was
observed with the laboratory obtained values compared to the POC
device. It was also observed that values obtained in the devices
were on the higher side compare to the POC device used.

Stage 1 System check | Stage 2: Strip check | Stage 3: Blood drop | Stage 4: Image | Strip after run.
and detection and scanning processing and | Plasma gets
result separated after
clot formation
Figure 5: Chitra PT INR device and different stages for collecting the data.
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Fig 7A: Correlation graph for INR values (0.5-
2.5) obtained for 60 samples between Chitra

Device and Laboratory test. (n=60) r=0.79.

Fig 7B: Correlation graph for INR values (2.5-8)
obtained for 40 samples between Chitra device

and laboratory (n=40) r=0.81

Figure 7:
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Bland-Altman plot for the Chitra INR to Lab value
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Fig BA: Agreement analysis using Bland Altman
plot for 100 samples between Chitra Device and
Laboratory test. Difference from the mean
values are| within the acceptable range of +2

except for 1 sample.

Fig 8B: Agreement analysis using Bland Altman
plot for 100 samples between Chitra Device and
commercially available POC device. Difference
from the mean values are within the acceptable

range of +2 except for 1 sample.

Figure 8:

Not many studies have been conducted on the POC devices in
the Indian population [7]. Studies have reported variation in the
INR values of POC devices compared to laboratory tests specifically
in the high range of INR above 3.5 [15-17]. However, in our case
slightly better correlation was observed for the high range of INR
above 2.5-8. Chitra device also showed better correlation with the
laboratory values than to POC device (Figure 9). Several studies
have demonstrated the advantages of PoC devices in the self-
management as well as for the laboratories [18,19]. Finger-prick
reduces the process of the sample preparation and thus the time
to results, better adaptability of the patients to the drug/dosage
and treatment due to the more frequent monitoring of coagulation
status, which all contribute to more effective anticoagulation
management that results in the reduced risk of hemorrhagic and

thromboembolic complications [20-22]. Currently the cost of PoC
devices hindering its uses in the developing world like India, as
well as its widespread penetration in testing in hospitals or low
resource settings [4]. New approaches are being explored for
PT/INR monitoring that include the use of quartz crystal [23],
magnetoelastic transducers [24] and MEMS sensors [25]. The
mechanical perturbation employed in these methodologies might
however interfere with the clot formation process and therefore
may not reflect the natural coagulation process in situ. Other optical
methods have been proposed that present promising alternative
strategies, however thus far these approaches utilize bulky bench-
top instruments that may be unsuitable for PoC use [5,26]. Recently
LSR based cost effective method for PT/INR has also been reported

[4].

Difference vs. average: Eland-Altman of Chitra INT to Lab <2.5
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Fig 9A: Agreement analysis using Bland Altman
plot for 60 samples between Chitra Device and
Laboratory test. Difference from the mean

values are in the range of +0.6

Fig 9B: Agreement analysis using Bland Altman
plot for 40 samples between Chitra device and
Laboratory test. Difference from the mean

values are in the range of +1.2,

Figure 9:
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Cost of the existing POC devices and the consumable cost are
the major hindering factors of the use of these devices at patient’s
site in India [4,18]. Over 200 million PT/INR tests are conducted
worldwide each year, placing a huge burden on health care
resources. Low-cost devices such as proposed device will likely play
an important role towards managing hemostasis in patients while
reducing the substantial costs associated with coagulation testing.
The developed device and consumables will be 1/3 of the cost of
commercially available POC device. This indigenous device works
on a simple novel principle of image processing and a cost-effective
alternative to the Indian population for the PT/INR monitoring. It
was observed that variation was high when the INR value was less
than two. Improvisation of the device/strips in order to minimize
the variation may lead to the successful commercialization of the
Chita PT/INR monitoring system. All strips used in the study were
checked for the quality control. POC devices are used to analyze and
monitor the values on a regular basis of the patients. Thus, a drift in
value can be easily monitored and regulated. Limitation of our study
was low number of patients in high INR range as all patients who
were under treatment was only considered in the study. As strips
are prepared manually and channeling of the paper is critical for
getting the accuracy in the data, quality of the strips may affect the
accuracy, however, automation of the strip fabrication will minimize
the data variation. We expect that this device may reduce the cost
and burden on health care system for PT/INR testing significantly,
however, automation of the system, true clinical testing needs to be
done to ascertain the impact of proposed PT/INR PoC device.

Conclusion

The Chitra PT/INR monitor provides comparable values with
the laboratory results and commercially available POC device and
may be used in the clinical set up or at patient side. The device can
be used at clinical setup using IV punctured whole blood or with
fingertip capillary The analysis of clinical evaluations performed on
the device shows that, preparation and quality inspection and final
selection of strip has a very critical role in influencing the accuracy
of the results, thus automation of the strip fabrication may reduce
the variation and improve the correlation.
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