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ABSTRACT

Introduction: Near Infrared (NIR), Iymphatic Imaging is an emergent imaging
technique used to assess superficial lymphatic structures and its function. It uses a
NIR light source and a special camera that detects the fluorescence of a non-radioactive
dye called indocyanine green (ICG), which is injected subdermally and its way through
lymphatic capillaries, making this device useful in the diagnosis and follow up of lymphatic
diseases.

Objective: To show (NIR) step-by-step development of a feasible, user-friendly, and low-cost
homemade Near Infrared (NIR) lymphatic imaging device.

Methods: Using worldwide available components such as a customized laser and a
modified webcam, we assembled what is a functional plug and play NIR lymphatic imaging device
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imaging device in a tenth of its value.

and evaluated its function with a 25-year-old healthy woman.
Conclusion: It is feasible to build a functional, homemade, low-cost Near Infrared (NIR) lymphatic
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1. INTRODUCTION

Near Infrared (NIR) lymphatic imaging is an
emergent imaging technique that allows a safe
evaluation and assessment of structure and
function of the superficial lymphatic system [1].
Compared to lymphoscintigraphy and direct
lymphangiography, (NIR) lymphatic imaging is a
cheaper, ambulatory, reliable and highly
sensitive technique for the diagnosis of lymph
related drainage imaging, with three main
advantages such as; it doesn’t requires the use
of radioactive drugs, or special installations nor
high cost equipment [2].

This device employs a Near Infrared wavelength
light to excite and reach a fluorescent response
from a chemical dye called green indocyanine
(ICG), which is injected in a subdermal manner
and later absorbed through regional lymphatic
capillaries [3]. This imaging technique is used in
oncological and reconstructive surgery [4].

NIR Imaging has been recently used to enhance
the diagnosis [5], surgical and non-surgical
treatment and investigation of lymphedema and
lymphatic system related pathology [6]; even
though of its low cost and worldwide
reproducibility, this device has still not been
popularized, because of its high cost and limited
access to branded devices. This may explain
why in Latin-American medical literature, the use
of NIR Imaging for the diagnosis of lymphedema
is barely mentioned and there is not an
established protocol for the practice [7]. We
suspected that some possible factors related to
the underuse of NIR Imaging in developing
countries may be due to high cost of its
equipment, and the availability of the equipment
resulting in the limitation of this technology.

The purpose of this study is to show a feasible
and low-cost homemade NIR lymphatic imaging
device for diagnosing lymphatic disease.

1.1 Background

According to the Pubmed’s MeSH database and
the International Society of Lymphology

60

Consensus, lymphedema is defined as a
“chronic-progressive lymphatic disease which
produces edema, due to the obstruction of lymph
vessels or caused by disorders of the lymph
nodes”, this lack of transport, produces chronic
fibrosclerotic changes in tissues and a
inflammatory response [8], its progression affects
the quality of life [9] and the economy of patients
[10].

Lymphedema may occur due to primary
congenital malformations of Iymphatic and
venous system or secondary to different agents
that damage lymphatic structures such as lymph
nodes, vessels, capillaries, such as parasite
infection (filarial), cancer related (lymph node
removal, radiotherapy, regional neoplasm), direct
trauma, chronic skin cellulite infections, obesity
and chronic venous insufficiency. It is estimated
that more than 250 million patients around the
world have a lymphatic disease [6-10].

Actually the diagnosis of lymphedema and its
assessment is made clinically, supported by
anthropometric and columetric measurements
.This allows a precise follow up of the evolution
of the edema [11-13] but this measures does not
evaluate the structural and functional state of the
lymphatic system. This represents a limit in the
assessment of patients evolution in an objective
way; The use of image analysis studies such as
lymphoscintigraphy and lymphatic magnetic
resonance [14], are used for the diagnosis and
staging of lymphatic related pathology [15];
since introduced in 2007 as a “novel real-time
image system”, (NIR) Iymphatic imaging
has been suggested as an economic, accessible
and easy to use choice for assessing
morphologic changes in lymphatic vessels and
its function, showing itself since introduced, as a
superior to evaluate superficial lymphatic
structures, but still not a very widespread,
diagnosing tool compared to  other image
techniques [16].

In addition to the economic, accessible and user-
friendly advantages if NIR lymphatic imaging, this
technique has shown its predictive potential in
asymptomatic breast- cancer related patients risk
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in developing lymphedema improving the
prognosis of these patients through an early
diagnosis [17-19].

As shown in a systematic review developed by
Antonio J Forte et al. 2019, the use of
lymphoscintigraphy in the evaluation of the
therapy and its progress in breast cancer related
diseases, its lymphatic impairment or treatment
effectiveness pretends to be of common use
between lymphologists worldwide [1-5].

Given the need of this image device, we decided
to describe a step by step self- building, easy to
assemble (NIR) lymphatic Imaging tutorial as a
description of its social network video
https://www.youtube.com/watch?v=-Ooc2wujslI.

2. METHODS
2.1 Step 1, the Bandpass Filter

This step was to get an optic bandpass filter
which allows of 830 nm +-45 nm electromagnetic
wavelength  spectrum with a >95% of
transmission. This is the fluorescent spectrum of
ICG dye, and a selective blockage of the rest of
the electromagnetic spectrum waves, we must
use the Edmund Optics Inc's filter of
832NMx37NM model BP 93T 25D. (Fig. 1) for
this purpose.

Fig. 1. Edmund Optics Inc’s bandpass filter
832NMx37NM BP 93T 25D model

2.2 Step 2, the Image System

Then, the image system is set with the use of a
plug and play commercial webcam, which in this
case was accomplished by using an ANC-Aoni
brand 8 megapixels device (Fig. 2).

The next step was to modify this image device by
transforming it into an infrared friendly cam by
removing the default infrared blocking filter
installed into the bottom of the lenses’ camera
barrel and replacing it with a wavelength filter
(Fig. 3).
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Fig. 3. Replacement of infrared filter
bandpass filter instead

Fig. 4. Customized laser modules
2.3 Step 3, the Light Source

Once the camera is set, a light source is needed.
The beam of light source must be around 780-
800 nm wave length spectrum, so we have
chosen two different wave length laser modules,
one of 785 nm and two laser modules of 790 nm,
both of them of 10mW output power, and a
working voltage of DC 3-5V and 150 mA
resistance device. Lasers used for this custom
project were bought in Higgs Laser Store, found
in Ali Express (Fig. 4).

2.4 Step 4, Gadget Assembly

Lasers were installed in a radial disposition at 12,
3, 6 and 9 clockwise, in a self-made plastic
montage for our camera and laser set; lasers
were then connected using a basic parallel
electronic circuit to a non-branded old cellphone
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AC-DC adapter that fits out to our desired output
(DC 3-5V and 150 m A) (Fig. 5).

Once the lasers were connected and installed,
the camera was also installed into the montage
and fitted it to a tripod (Fig. 6).

Fig. 5. Self-made montage for lasers and the
camera disposition

Fig. 6. Final device installed and ready to use
3. RESULTS

Our Near Infrared (NIR) lymphatic imaging
device was firstly used under informed consent
document, in the Regional Military Hospital
Approval in Guadalajara Mexico in healthy 25-

A

year-old women in the regular NIR lymphatic
image protocol, by using a 0.5 ml of ICG dye
solution (15 mg into 5 ml of physiologic solution)
into each interdigital webspace of the hand and
subdermal over the styloid process of radius and
ulna in the forearm (Fig. 7).

Once the camera was connected to the computer
and laser beam was turned on, the arm was
scanned in search for lymphatic pathways using
different angles and distances.

Fluorescence image of lymphatic pathways of
forearm and arm was seen as in regular
lymphatic vessel pattern.

Anatomical structures such as the palmar
capillary lymphatic plexus (Fig. 8), its anterior
ulnar and anterior radial lymphatic vessels
pathways (Fig. 9). The cephalic lymphatic vessel
pathway (Fig. 10) as well as the bicipital and
basilic lymphatic vessels pathways (Fig. 11, Fig.
12), we identified and integrated as seen in Fig.
13.

4. DISCUSSION
Even though the lymphatic vessel pathways were
anatomically identified in our subject, the

identification of lymphatic pathological patterns is
needed in patients with lymphatic dysfunction,
never the less the goal was accomplished,
because it was possible to identify lymphatic
vessels pathways and its drainage function, with
a good image quality.

The price of the complete set was 375 USD
which compared to the average ranged price of a
Near Infrared (NIR) lymphatic imaging device
which ranges over 10,000 USD and 20,000 USD;
its considered that device is a tenth of its regular
cost, making it accessible for researchers,
developers and clinicians.

Fig. 7. Intradermal sites of ICG dye administration
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Fig. 8. Palmar lymphatic capillary plexus

Fig. 9. Up: anterior radial lymphatic pathway
Down: anterior ulnar lymphatic pathway

Fig. 10. Up: Basilic lymphatic pathway
Down: Bicipital lymphatic pathway

Fig. 11. Up: Cephalic lymphatic pathway
Middle: Transition radial-basilic lymphatic

pathway

Down: Transition ulnar-bicipital lymphatic

pathway

Fig. 12. Bicipital lymphatic pathway
near axilla

Fig. 13. Integration of image sequence

During the development of this device, some
difficulties were identified due to the cameras
auto-focus and auto-white-balance function, so
its fair to suggest trying with different camera
options prior to employ a definitive one, authors
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design improvement will be shared in social
media, by searching authors name; in the same
way, identifying the exact distance related to the
intensity and power of the beam were detected,
for example: the closer to the limb the better
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fluorescent spectrum was identified but this
implied the loss of the shape of the limb as
consequence of light refraction in the filter, in the
other way, the far from the limb, the better
shape was gotten; trying different laser
intensities and power is suggested.

The development of this device offers a new and
more economical alternative to regular
commercial available devices at a very low
cost with many of the same results for
visualization of superficial lymphatics of
the limbs [20]. And even with lower investment
than other low-cost ICG lymphatic imaging
devices documented in the literature [21].
Its fair to predict that the popularization of
this low cost device will bring innovation in the
use of NIR-ICG lymphatic imaging in different
fields of research and clinical applications
worldwide.

5. CONCLUSION

It is feasible to build a functional, home-made,
very low-cost Near Infrared lymphatic imaging
device in a tenth of its value.
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