
PROCEEDINGS OF SPIE

SPIEDigitalLibrary.org/conference-proceedings-of-spie

The VascuLuminator: effectiveness of
a near-infrared vessel imaging
system as a support in arterial
puncture in children

Cuper, Natascha, de Graaff, Jurgen, Kalkman, Cor,
Verdaasdonk, Rudolf

Natascha J. Cuper, Jurgen C. de Graaff M.D., Cor J Kalkman M.D., Rudolf M.
Verdaasdonk, "The VascuLuminator: effectiveness of a near-infrared vessel
imaging system as a support in arterial puncture in children," Proc. SPIE
7555, Advanced Biomedical and Clinical Diagnostic Systems VIII, 75550U (19
February 2010); doi: 10.1117/12.841786

Event: SPIE BiOS, 2010, San Francisco, California, United States

Downloaded From: https://www.spiedigitallibrary.org/conference-proceedings-of-spie on 05 Feb 2020  Terms of Use: https://www.spiedigitallibrary.org/terms-of-use



 

 

The VascuLuminator: effectiveness of a near-infrared vessel imaging 
system as a support in arterial puncture in children 

 
Natascha J. Cupera, Jurgen C. de Graafb, Cor J. Kalkmanb, Rudolf M Verdaasdonkc 

 
aDepartment of Medical Technology & Clinical Physics, University Medical Center Utrecht 

bDepartment of Perioperative and Emergency Care, University Medical Center, Utrecht 
cDepartment of Physics & Medical Technology, VU University Medical Center, Amsterdam  

The Netherlands 
 

ABSTRACT 

A practical near-IR blood vessel imaging system, the ‘VascuLuminator’, was developed to facilitate the puncturing of 
blood vessels for different procedures. Technical solutions were found for certain difficulties, such as obtaining a 
maximum image contrast by reducing the interference of IR light present in the surroundings. In phantom studies it was 
shown that the device is able to visualize blood vessels of different sizes to a clinically relevant maximum depth. In a 
preliminary clinical study, the use of the VascuLuminator resulted in decrease of the failure rate in blood withdrawal in 
young children from 13% to 2% and the laboratory technicians were satisfied with the practical application of the device. 
After this study, the effectiveness of the VascuLuminator was investigated to facilitate arterial cannulation in a group of 
children undergoing cardiac surgery. In an ongoing study, 71 children up to 3 years of age were included and time of 
arterial cannulation, number of punctures and puncture site were recorded. In 38 patients, cannulation was performed 
without the VascuLuminator and in 33 patients with VascuLuminator by pediatric anesthesiologists. The initial results do 
not show significant differences in time and in number of punctures with and without the use of the VascuLuminator. 
However, the VascuLuminator was able to visualize the arteries in most cases. In 11 of the 33 cases, the artery was 
located by using only the near-infrared image was used, without palpating for a pulse or knowledge of anatomical 
landmarks. Further clinical studies are needed to identify the patients groups that will benefit the most from 
VascuLuminator-assisted vessel punctures. 
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1. INTRODUCTION 
Puncturing of blood vessels is a common intervention in the hospital.1 It is necessary to monitor a patients’ health status 
or to administer fluid or medication. There are several procedures of vessel puncturing: venipuncture, in which a vein is 
punctured for blood withdrawal, venous cannulation, in which a cannula is placed inside a vein to administer fluid or 
medication, and arterial cannulation, used for hemodynamic monitoring.  

In young children, puncturing of blood vessels can be difficult, because of tiny veins or arteries covered by a layer of fat 
tissue. This makes the blood vessel difficult to palpate through the skin. A dark skin color is even more complicating, 
due to low contrast between blood vessel and skin. Multiple punctures are traumatic and painful for the child.2 

 
Near-infrared (NIR) light has a deep tissue penetration. The longer wavelength of this light, typically between 700-1000 
nm, leads to reduced scattering in tissue, since most cellular structures are smaller than this wavelength. Furthermore, 
absorption by chromophores in skin, such as melanin, is decreased. This enables NIR light to penetrate several 
centimeters into tissue before being absorbed.3 Absorption by blood is also decreased, but less compared to other 
chromophores in the skin.  This results in a high contrast between the subsurface blood vessels and the surrounding 
tissue. NIR light is not visible to the human eye, therefore the light needs to be detected by a CCD camera and viewed on 
a display. 

At our department we developed a system based on this concept, the VascuLuminator (figure 1). It is able to visualize 
arteries and veins underneath the skin to facilitate the procedure of vessel puncture.  
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In this paper we describe particular aspects in the development of a clinical system and preliminary results from an 
ongoing study to the effectivity of the VascuLuminator in different clinical settings and the steps towards a commercial 
system. 

                        
Figure 1. The VascuLuminator. The device is practical in use with a battery power source in the base. The camera 
is integrated in the handgrip and is mounted on a flexible arm that can be positioned using one hand. The user has 
direct view on the hand and NIR view on the display. 

 

2. TECHNICAL DEVELOPMENT 
2.1 Development of the VascuLuminator 

The VascuLuminator consists of a compact NIR sensitive CCD camera with VGA resolution (640x480). Visible light is 
discarded by a filter blocking all light below 800 nm. The camera is mounted on a flexible arm in combination with a 
compact 8” LCD monitor. High power 850 nm NIR Light Emitting Diodes are used to transilluminate the puncture site 
from underneath, through the hand or arm (figure 1). The transilluminated NIR light is scattered by the tissue and 
provides a diffuse background of light. Subsurface blood vessels absorb the NIR light and become visible as dark lines 
on the LCD monitor. A safety limit is set to the LED power to prevent heating during contact with the skin. The 
VascuLuminator is able to visualize veins and arteries in the hands and wrist in adults and children and in younger 
children also the veins in the antecubital fossa (elbow). Figure 2 shows transillumination of the hand and the wrist of a 
child. 

          
Figure 2. Transillumination of the veins of the hand (left) and the arteries (dark diffuse lines) and veins in the 
wrist (right) of a child. 
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Environmental light emitting in the near-infrared range, such as halogen bulbs, can interfere with the VascuLuminator, 
by reflection of NIR light from the skin decreasing the contrast from the transilluminated light. This problem is solved by 
pulsating the LED and synchronizing the peak current of the LED with the shutter exposure time of the camera. This 
way, the camera has a preference for the NIR light of the LED and provides a better contrast of the image of the 
vasculature underneath the skin. The images in figure 3 shows the improvement due to this technique demonstrated on 
the hand of an adult.  

           
Figure 3. On the left the NIR image of the veins of the hand with low contrast due to interference of environmental 
light. On the right the NIR image with the technique of pulsed illumination. 

 

2.2 Ergonomic design considerations 

For a device that is frequently used for a common intervention, a handy and easy to use design is major importance for 
the clinical acceptance. In the design of the VascuLuminator several suggestions from a user board of people who had 
experience with a prototype, have been incorporated. The camera is placed underneath the display, to guarantee that the 
display is always aligned with the camera and is automatically positioned right above the puncture site (see figure 1). At 
the same time, the puncture site is located at the same distance to the eye as the image on the display, allowing for quick 
and easy switching between both views. The camera is located inside the hand grip, therefore positioning of the camera 
above the puncture site in the correct way is very intuitive. The hand grip also allows focusing and adjustment of the 
intensity of the LED light. The display and camera are mounted on a self-balancing arm that has a wide range of 
positioning. Once positioned, the arm stays in place. For all controls of the camera, display and arm positioning only one 
hand is needed, while the other hand can restrain the puncture site. After positioning, both hands are available to perform 
the puncture procedure and there is no obstruction of the view to the puncture site or contact with the patient. The 
VascuLuminator has its own battery based power source. The heavy batteries provide a stable base with four wheels; 
therefore the system can be moved in any direction and is easily transportable. 

 

2.3 Safety of the light source 

Since a high power LED is used for the VascuLuminator, safety for the eye and the skin has to be regarded. There are 
three main points to consider:  
1. It has to be regarded if the light generated by the LED is safe for the eye during normal use. Since the light source is 
not visible, this also includes longer exposure times.  
2. The light generated by the LED is absorbed by the tissue, and therefore can heat the skin.  
3. The LED itself also dissipates heat via its electronic components and is in direct contact with the skin. The resulting 
temperature rise should be below safety limits. 

To determine the safety of the generated light for eye and skin, the international standard IEC 62471 “Photobiological 
safety of lamps and lamp systems” was used.4 We calculated that for the currents used, the maximum luminance of the 
LED on the eye, with a maximally dilated pupil, is around 400 Wm-2sr-1. The exposure limit, given in the international 
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standard, for t < 10 s is 26*104 Wm-2sr-1 and for longer exposure times is 60*104 Wm-2sr-1 for a worst-case scenario. It 
can be concluded that the LED is safe for the eye 

In case of skin exposure, the international standard gives one and the same exposure limit for the total spectrum range 
from 380 nm to 3000 nm, probably based on broadband light sources. However, there is a new generation small band 
light sources available now with different absorption characteristics in skin depending on the wavelength. The 
international standard seems not adapted for this yet. The NIR light is used with the goal to have a deep penetration into 
tissue up to several centimeters to visualize blood vessels. The absorbed energy is distributed in several cubic 
centimeters. Other wavelengths have much higher absorption with penetration depth in the order of micro to millimeters 
resulting in high higher temperatures compared to the NIR. The international standard does not take this difference in 
consideration and therefore overestimates the hazard for NIR light. We, therefore, measured the temperature rise of the 
skin caused by the LED at its maximum current of 300mA, using a thermocouple taped to the skin of a volunteer directly 
underneath the LED in its housing. Therefore, the measurement also includes the contact heat of the LED housing which 
results from the power dissipation in the electronics. The measurement started at the moment the LED was switched on. 
The LED was switched off when the temperature stabilized at a plateau after 1400 s (23 minutes). The absolute 
temperature stayed below the safety limit of touchable surfaces of 41°C (figure 4).5 Overall, we conclude that the 
VascuLuminator is safe in use for eye and skin 

           
Figure 4. Temperature (ºC) plotted versus time (s) of the LED taped to the skin of the back of the hand of a 
volunteer. 

 

2.4 Visibility of vessels in a phantom study 

Although near infrared light is able to penetrate tissue for several centimeters, the visibility of the vessels depends on the 
diameter of the vessels in relation to the depth underneath the skin. Deeper located vessels are ‘erased’ by scattering of 
light around the vessel towards the surface. Larger vessels can be visualized at a greater depth in the tissue compared to 
smaller vessels. The relation of the maximum depth of visibility of blood vessels in relation to diameter was investigated 
in a phantom study reported before.6  The results confirmed that all diameters of blood vessels at a depth relevant for 
puncturing could be visualized with the VascuLuminator.  

 

3. CLINICAL STUDY 

Besides a good theoretical basis and phantom studies, it is important to investigate the usability, effectivity and user-
friendliness of a device in clinical practice. To this effort, several studies were performed, or are ongoing, on the 
effectiveness of the VascuLuminator for various clinical procedures. Our studies are mainly focused on pediatric 
patients, since vessel puncturing appears to be most difficult in this group and the VascuLuminator is best equipped to 
visualize veins and arteries in pediatric patients. In a initial study, we included 125 consecutive patients of 0 to 6 years of 
age, obtaining a venipuncture at the phlebotomy station of the Clinical Haematological Laboratory of the University 
Medical Center Utrecht.7 We found a decrease in failure rate from 10/80 (13%) to 1/45 (2%, P = .05). The 
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VascuLuminator was able to visualize veins in all of the patients. In 26 of the 45 cases with VascuLuminator, the 
laboratory technician reported the device to be advantageous for the procedure. In none of the cases, the VascuLuminator 
was found to interfere with the procedure, even when the vein was also clearly palpable.   

A study to the use of the VascuLuminator for arterial cannulation is ongoing. Patients of 0 to 3 years of age, obtaining an 
arterial cannulation prior to cardio surgery, were enrolled in an observational prospective study. Presently, we have 
enrolled 71 patients. In 38 patients, arterial cannulation was performed without help of the VascuLuminator, in 33 
patients it was performed with help of the VascuLuminator. The arterial cannulations were performed by experienced 
pediatric anesthesiologists and anesthetic nurses. Usually, the arteries in the wrists are the preferred location for arterial 
cannulation. Main parameters were time and number of punctures. Time measurement was started at the start of the 
procedure and ended at the moment of the last flashback of blood prior to successful connection of the arterial line. A t-
test was used to evaluate the difference in time between the groups and a Mann-Whitney U test to evaluate the difference 
in number of punctures. 

Intermediate results do not yet show a significant difference in time (606 s [429-856] without VascuLuminator, 626 s 
[440-891] with VascuLuminator, P = .895) and in number of punctures (6 [2-12] without VascuLuminator, 3 [1-7] with 
VascuLuminator, P = .107). However, in 11 of the 33 cases were the VascuLuminator was used, the cannulation was 
solely performed with the near-infrared image as guidance (the arteries in the wrist were not palpated) and succeeded in 
one of the arteries in the wrist. In 6 of the 33 cases, the arteries were difficult to visualize with the VascuLuminator.  

 
4. DISCUSSION 

The technical development of the VascuLuminator has resulted in an ergonomic device that is practical in use, small and 
flexible. By applying a pulsating LED synchronized with the shutter speed of the camera, a good contrast can be 
obtained for blood vessels even with surrounding light containing NIR light (sun through the window or halogen and 
‘old fashion’ light bulbs. The radiant power and heat generation of the LED was found to be within safety limits of 
international standards. 

The use of the VascuLuminator clearly shows an advantage above the standard procedure of venipuncture. The device 
was well appreciated by the laboratory technicians and was able to reduce the number of missed punctures. By 
decreasing the number of punctures, the VascuLuminator will likely be valuable in reducing pain, trauma and discomfort 
to the patient. This is very relevant, since it has been shown that early experiences of traumatic vessel puncture can lead 
to a lifelong fear of needles.8 The VascuLuminator did not interfere with the standard procedure of vessel puncturing and 
there are no side-effects. 

For arterial cannulation, no significant difference in time or number of punctures of the procedure could be found as a 
preliminary result of an ongoing study. However, it is noteworthy that in 11 of the 33 cases the VascuLuminator was 
successfully used without palpating for an artery. In those cases, the anesthesiologists were pleased with the use of the 
VascuLuminator. In most cases, the VascuLuminator was able to visualize the arteries in the wrist. Further data is 
accumulated.  

In a study conducted by Dunn et al 9, they found a decrease in mean time for arterial cannulation in adults, when using a 
similar technique with transillumination with NIR light (only published as an abstract with limited information). Our 
study was conducted solely with experienced pediatric anesthesiologists and pediatric anesthetic nurses. 

A commercial design of the VascuLuminator has been developed which meets all the necessary requirements for medical 
devices. It is expected to be available on the market in the second half of 2010 first in Europe and in the rest of the world 
later.  

 
5. CONCLUSION 

The VascuLuminator has proven to be a practical and safe device to visualize relevant blood vessels for venipuncture 
and arterial and venous cannulation in children. During arterial puncture in the wrist there was no significant 
improvement in time or number of punctures, although the use of the VascuLuminator was appreciated by the 
anesthesiologist in cases were no pulse was felt. Further clinical studies are needed to identify the patients groups that 
will benefit the most from VascuLuminator-assisted vessel punctures.  
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