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Vein viewer: An innovative and emerging NIR-Hb flyover technology in healthcare system  
 

Tirtha Sardar
1
, Prayashi Dey

2
, Dipsikha Manna

3
 & Sarmishtha Chatterjee

4*
  

 

1,2B.Sc Medical Laboratory Technology, 3Faculty, Department of Anatomy and Physiology, 4Assistant Professor, Department of Anatomy and Physiology, 
1,2,3,4Belur Sramajibi Swasthya Prakalpa Samity, Bally, Howrah, West Bengal, India. Email: sarmishthaobesity@gmail.com* 

 

DOI: https://doi.org/10.38177/ajast.2025.9215 
 

Copyright © 2025 Tirtha Sardar et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits 
unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited. 

 

Article Received: 14 April 2025      
 
  

 
 
   
 
 
  

  
     

  
 
 
  

                             
Article Accepted: 19 June 2025      

 
  

 
 
   
 
 
  

  
     

  
 
 
  

                             
Article Published: 25 June 2025 

░ 1. Introduction 

―Science be taught as science is practiced‖, recommended by the American Association for the Advancement of 

science (AAAS) [1,2,3]. The teaching approach must be consistent with the nature of scientific injury and discovery 

[4]. On this wise approaches enhance the cognisant and explicit link for new information with previous knowledge 

[3]. Accordingly, the efficiency based requirement of a physician or laboratory technologist, is needed to identify 

and inject at proper point in the circulatory system. Hence, vein detector is the primary necessity to obtain 

intravenous access among admitted patients or home care patients. The everyday invasive medical procedure is 

venipuncture. Due to time and resource consuming events, excessive venipunctures are significant problem. 

Difficulty in placing a peripheral intravenous line for child care is very common [4]. Clinical swots have revealed 

that 51% of children and 83% of toddlers experience immense distress during routine venipunctiure and 36% of 

young children experienced significant pain [4-6]. Cannula insertion is notoriously complicated in intravenous drug 

users and patients having repeated courses of chemotherapy [7]. Hereafter, multiple needle pricks raise disquiet, 

pain and suffering. Most institutions have the guidelines which permit no more than 2-4 intravenous insertion 

attempts. The incapability to ascertain an intravenous line, moreover impacts negativity on the laboratory 

technologist and the nursing staff, leading to frustration and deteriorating self-confidence [3,8].   

A number of approaches have been developed to improve the visibility and palpability of peripheral veins [5,8,9, 

10]. There are four main stratagems [10]: a) manual process with the aids of chemicals [11]. These are not suitable 

for children and not effective for dark people. b) The use of ultrasound guided procedures [12]. These have the 

disadvantage of the need for additional trained staff and expensive equipment. c) The use of secondary light sources 

[13]. It requires a darkened room and can cause burns. d) The visualization of the venous system by means of near 
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infrared (NIR) [14,15,16,17,18]. It takes a great advantage of the differential absorption to clearly distinguish veins 

from arteries and surrounding tissues [10,19].  

Vein viewers are the vascular admittance devices that demarcate veins (carrying deoxygenated haemoglobin (Hb)) 

lying in the subcutaneous layer of the skin to identify potential venipuncture sites. Henceforth, highlighting the 

NIR-Hb interference-technical details of the vein viewer devices are beyond the scope of this review.  

1.1. Study Objectives 

This review article summarized to address the following key findings: 

1)  Vein visualization. 

2)  Factors affecting Hb affinity for oxygen. 

3)  Selection of wavelength of NIR. 

4)  Understanding NIR-Hb interference. 

5)  Assessing the impact of Hb interference on vein visualization.   

░ 2. Vein Viewer 

French physicist Pierre Aigrain in 1967 is coined the term photonics. It is a branch of science and technology 

dealing with all methodologies and technologies of light and its interaction with any matter [20,21]. Biophotonics, a 

multidisciplinary scientific field, merge the light-based technology particularly with biological materials and 

biomedical applications. Based on this fact of biophotonic imaging of the potential clinical intra-operative tool, 

Herbert Zeman invented the first vein-finding device in 1995 to image subcutaneous veins [14,22]. Many of these 

devices exploit near-infrared (NIR) light (≈ 740nm–760 nm) at a distance of up to several centimetres that is 

obtainable on the skin surface. This NIR light is absorbed by deoxygenated haemoglobin rich blood, while from 

reflected from the arteries and remaining tissues [10,19,22]. The arrangement progresses with the returned images, 

adjoins colour and exhibits the image in real time on the skin surface. This supports the vein-visualisation and 

recognizes bifurcations to enhance the access to the vein without the need for several punctures as well as the 

possibility of extravasations is thus minimised [14,23]. Vein viewer devices may help to distinguish a healthy vein 

from a sclerotic vein. The various models of vein viewer devices comprise portable handheld and hand-free devices 

(with weight ≤500 g), using at the bedside in the hospital, as well as new versions of these devices with improved 

manoeuvring and configuration options [14]. The most commonly use devices are accu-vein [24], vascu-luminator 

[25], vein-site [26], vein-viewer vision [27]
 
and vein-viewer flex [28]. The basic phenomena governing the vein 

viewing devices render selective absorption of NIR radiation to detect only veins. The reason behind this 

phenomenon is based on the interaction between NIR and haemoglobin (Hb).  

2.1. Interaction of NIR and Haemoglobin 

Light is an essential physical element, prevailing a wide range of crucial physiological processes in almost all living 

organisms [29]. Owing to the critical roles of light in our lives, scientists are inspired to explore the interaction 

between light and organisms. Light has been extensively used both in fundamental research and clinical practice, 
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regarding cell signal sensing, enzyme activity monitoring, controlled drug release, visual regulation, 

neuro-modulation, cancer diagnosis and treatment [29,30,31,32]. Light can interact with biological tissues in many 

different ways. Once entering inside the body, light will usually be reflected, absorbed or scattered by molecules 

within the tissue. The light wavelength is a key issue concerned in the interaction of light and organisms [29,33,34, 

35]. Generally, light with a longer wavelength possesses lower energy. Henceforth, the reaction activity of long 

wavelength light with most biological tissues is much inferior to short‐wavelength light. The visible light 

(wavelength of 400–700 nm) has been extensively used in biomedical researches and faced high phototoxicity [29, 

36,37,38]. In comparison with visible light, NIR light possesses low energy, lower photo-toxicity and higher tissue 

penetration depth in living systems [29,31,34,35,39]. Consequently, the NIR light‐based imaging and photo- 

regulation strategies have offered a biological transparency window with minimal photo damage and manipulating 

cell functions with exceptional spatiotemporal precision and sensitivity in deep tissues [29,31,34,40,41]. Due to the 

minimal scattering and absorption as well as minimal autofluorescence of NIR light by tissues, an in vivo deep‐

tissue imaging with high spatiotemporal resolution can be accomplished by using NIR imaging [31,33].  

 

Figure 1. A strategic roadmap between NIR and Hb 

Haemoglobin (Hb) is the paradigm of allosteric proteins [42]. It is composed of four subunits (α2β2) and exists in 

two forms, a taut (T) state and a relaxed (R) state [3]. The T state is the proton-bound deoxygenated form with low 

affinity for oxygen. In contrast the R state has a high affinity for oxygen. The T and R configurations of Hb direct to 

diverse electromagnetic absorption and consequently different emission of light [3,42]. However the optical 
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properties of blood have directed to reasonable results, mostly depend on physiological and biochemical parameters 

(haematocrit, flow osmolarity, haemolysis and oxygen saturation) [19].  

Veins restraining deoxygenated Hb, completely absorb NIR light at the wavelength of approximately 740nm– 

760nm at a distance upto several centimetres [10]. The reason behind this phenomenon is well demonstrated by a 

strategic roadmap for bridging between NIR and Hb in the following flow chart (Figure 1). By this way, NIR 

induces Hb to increase membrane microviscosity and weaken H-bonds [43,44]. This dehydration leads Hb to T 

state, creating paramagnetic field [45,46,47]. In this fettle, Blood Oxygen Level Dependent (BOLD) signal 

diminishes to denote photochemical dissociation of oxygenated Hb to deoxygenated Hb [48]. Now from this point a 

bifurcation leads to phosporylation of cytoplasmic domain of band3 and tyr8 which in turn prevents the 

autohaemolysis in one way [44]
 
as well as salt-bridge between Hb subunits stabilize T state conformation by lattice 

forces consequently reflect infrared light in another way [42,49,50].   

░ 3. Conclusion 

Advancements of light‐based optical technologies now-a-days have become one of the most important tools for 

both fundamental research and clinical practice, impacting on modern medicine, with numerous lasers and optical 

devices to assess health. In particular, progresses in biomedical optics have enabled gradually more sophisticated 

technologies. Among them vein detector is aspired to unravel the efficiency based requirement of the medical and 

paramedical sectors to identify and inject at the proper blood vessels. Development of new, compact and 

cost-effective vein viewers delivering desired output characteristics will spread out clinical utilities and enlarge 

treatment outcomes. The versatile role of light in nature hence can sense, monitor and manipulate biological 

processes. NIR light based strategies have suggested an immense possibility of monitoring and modulating cells 

like haemoglobin with subcellular and sub‐millisecond accuracy in deep tissues, which are inaccessible to other 

technologies. The insertion of biophysics to clinical translation in medical field thus ensuring the optical 

diagnostics and imaging may lead to the development of innovative technologies for clinical theronostics and will 

uncover escalating utilities.  

░ 4. Future Suggestions  

Optical imagining and diagnosis are now hastily evolving to offer promising solutions for non-invasive disease 

diagnosis and monitoring in this modern era. The followings are some future suggestions for the advancement in 

this field. 

1)  In progression for high resolution imaging, the optical coherence tomography angiography (OCTA) will be 

crucial for advancing biomedical diagnosis to provide detailed images of blood vessels.  

2)  Exploration of the application of quantum optics should be perked up for imagining sensitivity and resolution.  

3)  Integrating multiple optical components onto a single chip for more compact and functional imaging system is 

hereafter the fundamental requirement.  

4)  Development of optical sensors for environmental monitoring, biomedical sensing and industrial process control 

in low resource settings is now in high demand. 
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