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 ABSTRACT  

Deep vein thrombosis (DVT) refers to the formation of blood clots in the deep venous system of the 

body. Although DVT can occur in any vein in the body, it is commonly seen in the veins of the lower 

extremity and pelvis. Stasis of blood flow, endothelial injury and hypercoagulable states are factors that 

significantly accelerate the formation of clots in the veins. Pregnancy and puerperium are physiologic 

hypercoagulable states that predisposes women to the DVT and its complication during the normal 

childbearing process. The spectrum of DVT varies from mild, asymptomatic to severe life-threatening 

consequences like pulmonary embolism (PE), resulting from a dislodged clot in the pulmonary circulation 

leading to respiratory compromise and death. Thus, early, and accurate diagnosis with appropriate 

management is crucial in preventing mortality from DVT-PE. 

Currently, clinical suspicion, blood tests and radiological evidence are used to diagnose DVT/PE based 

on the patient factors. Each of the modalities have several shortcomings of limited feasibility during 

gestation to reduced diagnostic sensitivity. The novel technological advancement of this device utilizes 

near-infrared radiation to emit light onto an impacted limb and read the absorption. Oxygenated 

hemoglobin [HbO2] absorbs NIR light, and a clot will result in reduced [HbO2] flowing through the 

impacted limb. Consequently, resulting in reduced absorption of NIR when compared to a healthy limb 

giving objective diagnostic prior to physiological symptoms. Testing of the instrumentations allowed for 

signal detection of 3 subjects. Further large-scale testing will allow for validation of NIR as a diagnostic 

tool for DVT.  
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INTRODUCTION 

Venous thromboembolism (VTE) a type of thromboembolic event which accounts for significant 

morbidity and mortality. More than 200,000 individuals develop venous thrombosis (DVT) annually, of 

which about 50,000 result in pulmonary embolism [1]. Hypercoagulable states like pregnancy and 

puerperium can further the risk of development of DVT and complications associated with it. Annual 

incidence of VTE in pregnant women is about 0.6 to 1.3 cases per 1000 deliveries, which is 5-10 times 

higher than non-pregnant women [2]. Pregnant woman and post-partum mothers have a 4.3 times greater 

risk of being afflicted with DVT than non-mothers, with 64% of cases occurring in cesarean delivery [3]. 

Furthermore, gestational DVT leading to pulmonary embolism is still one of the leading causes of maternal 



mortality. Pregnancy results in physiological changes in the body to support the mother and the growing 

fetus. Inhibition of fibrinolysis, increase in the level of clotting factors and decrease in the anti-coagulant 

proteins result in pro-thrombotic nature of pregnancy [4]. These changes, although essential to minimize 

blood loss during the intrapartum period, predispose the mother to thromboembolic phenomena [4]. The 

venous flow velocity reduces by 50% in the 3rd trimester and can last up to approximately 6 weeks 

postpartum [3]. Venous stasis accelerates clot formation, which can dislodge and travel into vital organs 

resulting in fatal damage to the mother and the fetus. Pulmonary embolism refers to the disruption of 

blood flow to the pulmonary circulation (pulmonary artery or its branches) by a thrombus that originated 

at another location in the body [5]. The clots impair gas exchange in the lungs and consequently lead to 

ventilation-perfusion (V/Q) mismatch. Small clots may remain asymptomatic whereas large clots can 

result in saddle embolus and obstruct the main pulmonary trunk leading to cardiovascular collapse [5]. 

Hence, timely and accurate diagnosis followed by prompt treatment of DVT and PE is essential and can 

significantly impact lives.  

Clinical suspicion and presentation, risk stratification with Well’s score, blood investigations, invasive 

and non-invasive imaging modalities are used to evaluate patients, however, each has its shortcomings 

[1]. D-dimers are very sensitive but not specific, making it a great screening tool – implying a negative 

assay can virtually rule out DVT but a positive test is not definitive for DVT [1]. A positive D-dimer can 

indicate the presence of thrombosis, inflammation, trauma, liver disease, and most importantly for this 

study, pregnancy. The D-dimer test has serious inconsistencies accompanied by a low quality of results 

after extensive testing [6]. Ultrasound (US) is widely used for DVT diagnosis and is usually the first test 

for diagnosis, with sensitivity of 95% and specificity of >95% [7]. While US is non-invasive and has high 

sensitivity and is sufficiently reliable for thromboses occurring above the knee, its accuracy drops to 60-

70% in detection of posterior tibial and peroneal vein thromboses. Additional validation pairs US 

evaluation with Doppler imaging, to aid with the characterization of the degree of obstruction.  Ultrasound 

requires lower frequency with increased imaging depth, which can result in lower resolution. Furthermore, 

US training techniques require in-depth anatomical knowledge, without a universal gold standard. 

Venography is considered the gold standard to confirm the diagnosis of DVT with invasiveness as its 

major drawback. Venography has limited utility in patients with renal insufficiency and severe allergies 

to the contrast medium. Disadvantages include: high rate of incompetent visualization (20%), failure of 

cannulation (5%), and high variability in results due to difficulties in result interpretation [8]. Therefore, 

there is a need for a low-cost, non-invasive diagnostic tool which can give reduced diagnostic time with 

greater objective data accuracy. 

In the general population, most DVTs resolve without complications, mortality at the end of one month 

is 6% from DVT and 12% from PE [8]. Given the graveness of the consequences, efforts to prevent venous 

thromboembolism are important in all at-risk patients, perhaps even more so in expecting mothers. DVT 

progressing to an embolism traveling to other regions of the body can be fatal for the mother and ultimately 

the fetus if diagnostics and treatment plans are not initiated on time. While current research focuses on 

DVT diagnosis after physical symptoms begin to appear, this novel device aims to monitor the 

asymptomatic early biological changes resulting from clot formation. Consequently, prompt treatment of 

DVT can prevent embolism.   

Literature review suggested that near-infrared radiation (NIR) absorption spectroscopy could 

possibly differentiate between levels of oxygenated and deoxygenated hemoglobin to determine the 

presence of a clot [9]. NIR emits light in the range of 780nm to 2500 nm which can be utilized as a 

diagnostic tool when projected on the human body. NIR spectroscopy reads the degree of absorbance of 

NIR light which can be altered due to biochemical interaction of [HbO2] and [Hb]. [HbO2] absorbs NIR 



light within the range of 760 and 940nm, while [Hb] will transmit it, giving an accurate prediction of the 

oxygen saturation of blood glowing through a limb [10,11]. In turn, wireless IR DVT testing can be 

validated to prove to be an effective method of early detection of DVT and prevent occurrence of PE.  

This project aims to utilize the concepts of near-infrared radiation spectroscopy (NIRS) to detect DVT 

through biochemical changes. Compared to venography, the contrast free, non-invasive nature of NIR will 

limit harm to the fetus and increase identification of calf vein thromboses as opposed to US. The 

development of a cost-efficient device would provide advancement in diagnostics and would eliminate 

the need for expensive testing. In this study a new technological advancement is explored as a superior 

diagnostic method utilizing near infrared device to provide relative measurements of the oxygenation 

levels of calf veins and can help identify excessive deoxygenation and specific locations. 

METHODS 

Designing Device: A low-cost portable hardware was developed to collect data for IR efficacy validation. 

The device consists of Velcro or elastic adjustable sleeve probe containing light source and detector 

elements. The NIR light source is a small LED in the IR light spectrum. Biological tissue best absorbs 

light in 720-940nm wavelength , which falls in the red region of the visible spectrum. A detector picks up 

the light transmitted, in turn giving information about the light absorbed. This absorbance is directly 

indicative of the [HbO2] and [Hb] [12]. For the purpose of detection, a phototransistor is utilized. A 

phototransistor is controlled by exposure to light. Phototransistors have two leads which connect internally 

with its collector and emitter (or source and drain in FET). The base of transistor responds to light and 

controls the flow of current between the leads. The TCRT 5000 is utilized as the reflective optical sensor, 

as it contains the LED and phototransistor on the same module greater improved efficiency.  

      The probe (Figure 1b) was connected via a control module for the purpose of coding and filtering the 

information picked up by the probe. The control module is responsible for storing coded information 

which is used to filter out access information and keep relevant data, as well as storing this data. For this 

device purpose, a microcontroller is the best suited control module as there is low time required for 

performing operations, the chips are small and flexible, and are highly integrable. 

 

 

                         
Figure 1: (a) Top Right: TCRT 5000 based probes. Left: Arduino control module. Bottom Left: Connection for display. (b) 

The probes constructed from TCRT 5000 and resistors. 

      

For infrared absorption spectra display, a serial oscilloscope is utilized with a programming software 

capable of post-processing of incoming data and spectra, for easier and faster analysis. Eventually this can 

be integrated into the control module for a portable device.   



                 

Figure 2: (a) Device Design: module and display (b) Device Design: module and display[6] 

 

Circuit Design: Figure 2b illustrated the circuitry devised onto the PCB. A 5kΩ resistor is biased to the 

photo transistor, so that the signal is not saturated. The 100Ω acts as current protection for the IR LED, 

which is connected via the 100Ω resistor to D6 of the Arduino. The signal of the Xtor passed to the A3 of 

the Arduino, giving an output in voltage. The Arduino is powered by a 5V supply.  

 

Software and Analysis: The data is acquired at the analogue port of the microcontroller module and is 

processed for analogue to digital conversion. The microcontroller code further performs the filtering of 

signal acquired. Post filtering of the signals acquired from both the sensors, the ratio between the two is 

calculated. The closer the ratio is towards one, the lesser the chances of a clot being found since the 

probability of finding a clot in the exact same spots on both legs is rather low. The farther the deviation 

of the ratio from one in either direction, is significant of the presence of a clot. 

Figure 1a shows the hardware module which was used for preliminary testing. Two probes were used to 

be placed on both claves, attached to the Arduino control module. 
 

Testing: Once the device was constructed, initial testing was conducted on a study team member’s leg to 

verify the signal as indication of absorbance was occurring (Figure 2a). Upon placement on the calf, there 

was a change observed in the graph of absorbance. Version 1.0 of the hardware utilized a 555 timer IC, to 

pulsate the signal in order to detect on the signal of desired frequency, resulting in noise reduction. It was 

later integrated into the program, by simply adding it to the software which pulsated the TCRT 5000 in 

Version 2.0. As the signal is not a pulsating, like that detected by a pulse oximeter, and based on the 

absorbance of the light, graph did not not show a symmetrical wave.  

Once signal detection was confirmed, the testing phase was started on local participants, after gaining 

verbal consent. These gave just a few results to confirm the efficiency of the device, however, further 

testing in DVT positive patients is required for validation.  
 

 RESULTS 

As a result of the global pandemic COVID-19, data collection was difficult and sufficient testing could 

not be done. However, the following section provides and insight on the potential of the device, with the 

little data that was gathered. This shows the functionality of the device and capability of predicting the 



presence of clots. Upon testing on just a couple local subjects, mostly for the confirmation of the device 

functionality, the following trends were found. Further testing would allow for a thorough validation. 

 

 
Figure 3: First preliminary test. Red line: Oscilloscope reference. Green Line: Signal from right leg. Blue Line: Signal from 

left leg 

 

In this test (Figure 3), the signals from the left leg and the right leg are fairly close together, indicating 

that there is no clot present. This can be inferred as the absorbance of the IR light is nearly equivalent in 

both legs, meaning that they both don’t have a clot present. This cannot be assumed as an indication of a 

clot being present in both legs due to the subtractive algorithm implemented. 

 

 

 
Figure 4: Second preliminary test. Red line: Oscilloscope reference. Green Line: Signal from right leg Blue Line: Signal 

from left leg. 

 

This test (Figure 4) shows an indication of a clot being present in the left leg, as the absorbance of IR 

between both legs is drastically different. The blue signal from the left leg is not close to zero indicating 

a clot being present in the left leg, because subtractive algorithm shows the difference of absorbance. 

Hence, the closer the signal to the value 0 the lesser the chances of a clot being present, and the closer to 

1 the greater the risk of a clot being present. This result seems consistent with prior data, as 80% of DVT 

clots occur in the left calf. 

 



 

Figure 5: Third preliminary test. Red line: Oscilloscope reference Green Line: Signal from right leg. Blue Line: Signal from 

left leg 

 

This test (Figure 5) made an interesting revelation. As seen, the lines are not close together, already 

an indication of the possibility of a clot being present. However, the green signal form the right leg is 

further from 0, suggesting that perhaps there might be a clot present in the right leg, and as the blue signal 

from the left leg is closer to 0, it might not necessarily imply the absence of a clot. The blue signal is still 

not quantified as close to zero as compared to the previous test, which might show the early signs of clot 

formation. This might be due to human error during testing, but if simply the results are considered, they 

offer an insight in the potential of the device.  

DISCUSSION 

Currently, clinical suspicion, blood tests like D-dimer and strategic use of radiological evidence from 

ultrasound, CT angiography and ventilation-perfusion scans are used to diagnose DVT/PE based on the 

patient factors is considered. However, several challenges exist with each of these methods. Traditionally, 

clinical symptoms are diagnosed and heavily reliant on the expertise and experience of the physician 

presented with the case. D-dimer tests are simple blood tests, however, due to the difficulty in interpreting 

the results, false positives are common. Due to this, D-dimer tests are good screening tools, but are not 

very specific. The unmatched accuracy of US makes it ideal for DVT diagnostics, however, this accuracy 

drops drastically when it comes to detecting lower limb clot, where 20% of clots occur. Another alternative 

used for diagnostics is CT angiography which is a reliable and speedy, however requires an exposure to 

radiation. During organogenesis and fetal development, especially during first two trimesters of 

pregnancy, radiation may have fatal consequences on the fetus. MRI angiography and venography deploy 

non-ionizing radiation but require more time and can affect patients with claustrophobia, pacemakers, 

ICD, stimulators, metals. Lastly, V/Q scan can be done, but results after often difficult to interpret.  

The novel NIR device can overcome these challenges in a cost-effective manner, while removing 

subjectivity of a technician. Upon constructing the low-cost portable device, localized testing was 

conducted to confirm functionality. The data collected shows accurate readings in a DVT negative patient 

and indicates the presence of a clot in a DVT positive patient. Further testing on a larger sample size would 

allow for necessary effective validation. 

The portability and affordability of this device is advantageous over the current diagnostic 

instrumentation and diagnostic costs of thousands of dollars. The current technologies available for DVT 

diagnosis are bulky and large, whereas this device weighs merely a few hundred grams making it readily 

portable. This portability and reduced cost can have a great impact on the health care accessibility, 

enabling the screening for DVT even in remote primary care centers where the facilities of a large tertiary 



care center are not easily available. This allows for timely care to all patients without the socio-economic 

and geographical barriers.  

The drawbacks of this study have been the inability to test. As the circumstances were not preventable, 

it’s very difficult to validate the efficacy of IR in detecting DVT on the basis of few results. Since one 

reading from a patient with diagnosed DVT was collected, it helped to prove the efficiency of the device, 

as the results were significantly different from those of local subjects without DVT. Continued testing is 

required to amount for mass data and analysis and prove efficacy of IR in detecting DVT.  

CONCLUSIONS 

The device is currently in its early stages of testing and development. The 3 standardizing tests have 

shown promising results in differentiating between [HbO2] and [Hb]; and thereby indicating the presence 

or absence of clot(s) in a limb. Significant differences in the Hb levels exist not only in DVT versus normal 

limb but also in the various stages of clot formation. The device will, therefore, enable early diagnosis of 

DVT and prompt treatment once thorough testing and validation are completed. The novel device will 

provide an objective measure for the diagnosis of DVT at a low cost using a portable and operator 

independent technique. Thus, this would enable screening and triaging pregnant and post-partum women 

for DVT in remote and resource limited settings and guide them to appropriate level of care. Although the 

inspiration for the device was derived for its application in gestation and puerperium, it can also find 

application in screening all individuals for DVT thus, significantly improving the current diagnostic 

modalities for DVT.   
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