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Background: The number of people within the European population having at least one tattoo has increased notably and with it the
number of tattoo-associated clinical complications. The injected inks are known to be removed by the lymphatic vessels and can be
found in the draining lymph nodes.

Aim of the Study: To report our observations on the lymphatic drainages seen under tattoos using near infrared fluorescence imaging
of these lymphatic vessels after the injection of indocyanine green.

Material and Methods: Indocyanine green was injected intradermally at the basis of the 20 tattooed area(s) in 19 subjects (nine
women and ten men; mean age = 28.6). Ten subjects had only black tattoos (six upper limbs and four lower limbs), five (two upper
limbs and three lower limbs) black and white tattoos and five multi-colored tattooed limbs (four lower limbs and one upper limb).
Results: The imaging exams revealed alterations in eight individuals, seven of whom had tattoos on their lower limbs. Furthermore,
the imaging results showed that the abnormalities might be related to the tattooed limb, the tattoo extent and colour.

Conclusion: Alterations of the cutaneous lymphatic channels are frequently observed under tattooed territories. Their causal factors
should be more precisely studied in future works and these lymphatic alterations should be considered in tattooed patients when using
similar imaging techniques for therapeutic and surgical assessments.
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Introduction

Fourteen percent of the European population had at least one tattoos in 2016. This figure is doubled in the 18-35 age
group and the number is increasing.' This progression is accompanied by a rise in associated clinical complications,
including itching, photosensitivity, infections, allergic reactions, autoimmune diseases, scars, keloids, and various
pigment changes.> Swelling occurs frequently but usually is transient and rarely permanent.*

If transient swelling incident may be related to tissular inflammation, permanent ones might be related to functional
and/or morphological lesions on the lymphatic system of the tattooed. The presence of inks used for tattoos in the Lymph
Nodes (LN) draining tattooed areas was described more than 35 years ago,” and, since then, frequently reported.® 2

However, their potential morphological consequences on the Lymphatic Vessels (LV) and their functioning have not
been yet described to our knowledge.

Indocyanine green is used for the near infra-red fluorescence imaging (NIRFI) of the lymphatic vessels and lymph
nodes in various situations, such as in patients with Breast Cancer (BC) and melanoma, for Reverse Mapping and for the

Clinical, Cosmetic and Investigational Dermatology 2023:16 257-265 257
Received: 27 October 2022 © 2023 Bourgeois et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/
AT terms.php and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http:/creativecommons.org/licenses/by-nc/3.0/). By accessing

Accepted: 22 December 2022
Published: 27 January 2023

the work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed.
For permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://orcid.org/0000-0003-1782-9598
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com

Bourgeois et al Dove

evaluation and managements of oedematous situations.'* > In our study, we report our observations regarding altered
lymphatic vascular drainages under tattooed areas using near infra-red fluorescence imaging after the injection of ICG.

Materials and Methods

This prospective monocentric observational study was approved by the Investigational Review Board (IRB) of the Academic
Ethical Committee Brussels Alliance for Research and Higher Education under the number (CE) B200-2020-143 and
registered at ClinicalTrials.gov (NCT05515146). It complies with the declaration of Helsinki.

Between December 2021 and January 2022, nineteen healthy volunteers (nine women and ten men; mean age = 28.6,
range 23-39 years) with tattoos at the level, either of the lower limb (n = 11), or of the upper limb (n = 9) were
successively enrolled in the study after providing written and signed informed consent to publish their demographic data
(see Table 1) and -if selected- their pictures. Except in 5 cases, tattoos were older than 2 years (mean = 52.5 months) and
none had symptoms of edema at the level of the limb.

Exclusion criteria were: (1) History of iodine allergy or anaphylactic reactions to insect bites or medications;
(2) Hyperthyroidism; (3) Severe cardiac or pulmonary disease; (4) Significant renal failure (creatinine >400
umole/l); (4) Pregnancy; (5) any known disease of the skin (such as psoriasis); (6) any disease known to affect

Table | Demographic Data with Localization of Their Tattoo-s

Subject Age Sex Age-Tattoo Months | Lower Limb | Upper Limb
j2 27 F 4 Left arm
i5 22 F 64 Right forearm
j6 35 M 40 Arm right
i7 40 M 114 Right arm
pl 22 M 28 Left arm
p2a 27 M 48 Right arm
p3 36 M 49 Left arm
p4 22 F 48 Right shoulder
p7 24 F 4 Left forearm
p8 27 F 3 Left thigh
p9 32 M 48 Right thigh
jl 24 F 49 Left thigh
i3 36 F 192 Right calf
j4 25 F 23 Right thigh
j8 48 M 122 Right calf
9 21 F 3 Right thigh
jlo 30 M 88 Right calf
p2b 27 M 48 Left leg
p5 23 M 28 Right calf
pé 23 M 40 Right thigh
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the cutaneous tissues (such as diabetes); (7) any previous operation and/or trauma at the level of tattooed limb; (8)

familial history of lower limb lymphedemas; (9) skin infection after the tattoo.

Ten were tattooed only with black inks and the others were tattooed with two or more colored inks (see Table 2).

Subjects were not limited in their normal behavior, diet, or medication intake before the study.

ICG 0.2 mL from 25mg of ICG diluted by 5.0 mL of sterile water for injection was injected intradermally at the basis

of the tattooed cutaneous area. The injection site was chosen so that the tracer can flow under this area directly towards

the LN at the root of the limb (see Figures 1 and 3).

The following figures were considered as normal (see Figures 1 and 2):

e Perfectly visible lymphatic vessels

e Fast lymphatic drainage (seen spontaneously within the 5 minutes after injection)

¢ Visible lymphatic drainage after stretching and massaging the injected site (3—5 minutes long)

Table 2 Characteristics of Tattooed Areas (Ink Colour: B = black: W = white: R = red: Y =
yellow: Bl = blue: G = green: O = orange: P = pink: Br = brown: Pu = purple) and Results of

Near Infra-Red Fluorescence Lymphatic Imaging-Investigation with (if Abnormal) Type of

Abnormality-les (in-Between Brackets) (Abnl Type x)

Subject Colours Conclusion Opposite Limb See Figure
Tattooed Limb Control
j2 B NI
i5 B NI
j6 B NI |
i7 B NI
pl B+W NI
p2a B+R+Y+Bl+G+O+P Abnl type 4 5
p3 B+Y+R+G NI
p4 B NI
p7 B+W NI
jl B+R+W Abnl type |
i’ B Abnl type 2 NI
i3 B Abnl type 6
4 B+W NI 2
i8 B Abnl type 5 NI
98 B Abnl type | NI 3
jl0 B+R+Y+Bl+G Abnl type 5 NI 4
p2b B+R+Y+BI+G+0O+P NI
p5 B+W NI
pé B+Y+R+W+Br Abnl type 2 and 6 NI
p8 B+BL+>+Pu Abnl type 2 NI
p9 B +W NI
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Figure | Normal lymphatic drainage at the level of the upper limb. On the right sided black and white figure (oblique inferior and posterior view centered on the arm),
NIRFI shows fluorescent lymphatic vessel (oblique arrows) running directly under the tattooed area towards the axilla and after the intradermal injection of ICG at the level
of the posterior part of the forearm under the elbow (see vertical arrows on the left sided picture) in subject j6.

Figure 2 Normal lymphatic situation-drainage at the level of the lower limb. Anterior view on the right thigh in subject j4 showing one fluorescent lymphatic vessel running
directly after the intradermal injection of ICG under the tattooed area from the injected site toward the inguinal groin.

e Direct lymphatic drainage between the injected site and the draining lymph node at the root of the limb (after 30
minutes of normal activities).

Six different patterns of lymphatic altered drainage were identified:
e No visualization of the lymphatic vessel(s) at the end of the imaging investigation (abnormality type 1: see

Figure 3)
e Anarchic-tortuous drainage (abnormality type 2)
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Figure 3 Abnormality type |. The NIRFI pictures show (left sided black and white picture) no Lymphatic Vessel (LV) (subject j9) under the tattoo at the level of the right
anterior and proximal right thigh while on the opposite side (right sided black and white picture) the draining LV is seen (see black arrow) before diving deep and
disappearing.

e Delayed drainage and/or fainter visualization of the LV when compared to the opposite limb (abnormality type 3)

e Lymphatic vessels not running under the tattooed area but seeming to bypass an obstacle and skirting the tattooed
territory instead of crossing it (abnormality type 5: see Figure 4)

e Lymphatic lesion with reflux at the level of the LV draining the tattooed area (abnormality type 6)

e Downward lymphatic drainage-reflux from the injected site towards the distal part of the limb (abnormality type 4:
see Figure 5).

When the situation was considered abnormal, the tracer (same characteristics in terms of volume and same intradermal
route-administration) was injected the same day at the level of the opposite limb (or in case of subject j1, several weeks
later and in her case, the tattooed limb was also injected with her consent).

Results: (See Table 2)

The most obvious alterations were observed in 3 cases (j1, j9 and p6) at the level of the thigh and one additional patient
(p8) showed delayed drainage and/or fainter visualization of the LV when compared to the non-tattooed limb. Two
subjects with tattoos at the level of the calf had lymphatic vessels not running under the tattooed area but seeming to
bypass an obstacle and skirting the tattooed territory instead of crossing it (see Figure 4) and one subject (j3) had one
lymphatic lesion with reflux at the level of the LV draining the tattooed area.

Figure 4 Abnormality type 5. The NIRFI figure (left sided) show lymphatic vessels (white arrows=subject jI0) not running under the tattoo (at the level of the external and
lower part of the right calf; black arrows show the ICG injected site) but seeming to bypass an obstacle and skirting the tattooed territory instead of crossing it.
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Figure 5 Abnormality type 4. The NIRFI (left sided) shows abnormal back flow from the injected site (black arrows) at the level of wrist under the tattooed area (subject
p2a) toward the 2nd and 4th inter-digital spaces (white arrows).

Eight of the twenty exams (40%) were considered as abnormal but 7 out of the 11 lower limbs and a single exam out
the 9 upper limbs.

If we consider the ink color itself, ten subjects had only black tattoos (6 upper limbs and 4 lower limbs) and three
exams (1 upper limb and 2 lower limbs) were considered as abnormal. Five subjects (2 upper limbs and 3 lower limbs)
had black and white ink tattoos and their exams were considered normal. Finally, five subjects presented 6 multi-colored
tattoos (5 lower limbs and 1 upper limb) with five exams (4 lower limbs and 1 upper limb) considered abnormal.

Discussion

Interstitially injected colloidal particles are known to accumulate in the regional lymph nodes. This phenomenon is
applied to find sentinel lymph nodes (SLN) in cancerous patients but after injection of radiocolloids and/or blue dyes
(such as methylene blue) and/or fluorescent dyes (such as ICG)."* '>?* Several problems have been reported with inks
used to tattoo. Some can indeed mimic metastases in LN in patients with melanoma.®!" The presence of pigment was
also observed in the axillary lymph nodes (LN) of women operated for breast cancer and with tattoos, imitating the
appearance of a blue sentinel lymph node on visual inspection and causing the operator to either miss the true SLN or
excise more than is needed which may be important for increasing the risk of arm morbidity from SLN biopsy.>® This
potential problem was also raised in women affected by cervical cancer with skin tattoos located in the lower limbs, with
at least one pelvic lymph node described on pathologic examination partially or totally occupied by the ink in 40% of
women.”® False-positive Positron Emission Tomography after injection of 18-fluoro-deoxy-glucose (one exam which is
now more and more frequently used in the pre-operative management of many cancers) have also been described
suggesting the metastatic involvement of intra-abdominal lymph nodes but from a patho-physiological point of view are
related to their inflammatory status secondary to the presence of tattoo ink. Benign, swellings after sun exposure are
frequent and reported by 23% of the Tattooists (who are usually heavily tattooed with multiple extended coloured
tattoos).*”?® Although these swellings were reported rarely permanent, such localized oedematous situations raise the
question of their possible origin (among others) in morphological and/or functional alterations of the underlying
lymphatic vessels induced by these tattoos.

Our series is small but some of our observations are interesting: differences between lower limbs and upper limbs
(with alterations more frequent in case of the former than in the later), effect of the extent of the tattoo (reflux only
observed in the case with the more extensive tattoo at the level of the upper limb) and problems more frequent when
other than black inks are also used.
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Lymphatic alterations under the tattooed areas were seen in six of eleven subjects at the level of the lower limbs and/
but in one of the nine subjects with tattooed areas at the level of the upper limbs. Tattoos of the lower limbs can involve
large skin surfaces, and this suggests that the extent of the tattooed area play a role (as for/in patient only black tattooed
at the level of her upper limb: see Figure 1). A nation-wide survey in Germany revealed that about 28% of tattooed
individuals have more than 3 tattoos and 36% have tattoos with 900 cm? in size or even larger.”’

These complications may be partly attributed to the mechanical aspect of tattooing, which has remained largely
undefined.**>" By repetitively inserting a needle into the skin, microtraumas may promote inflammation and create ports
of entry for potential pathogens.*> Moreover, ink colours seem to induce lymphatic drainage alterations differently
depending on ink’s composition. Based on our observations, proportionally, 83% of multicoloured tattoos presented
alterations compared to 20% of black and black and white together. More precisely, red inks tend to provoke more
allergic contact dermatitis (ACD) compared to other coloured or black inks.** It must be pointed out here that Tattooists
also mention that coloured inks are inserted at a deeper plane compared to conventional black inks.

Some of these lympho-fluoroscopic figures under these tattoos are similar to what is observed at the level of the upper
limb with Axillary Web Syndrome (AWS).** These AWS situations are frequent in patients operated for Breast Cancer
but have also been reported in non-cancerous situations.*>>’ In the framework of lymphoscintigraphic investigations
after subcutaneous injection of radiocolloids, it has been demonstrated that they are secondary to lymph stasis,
lymphangitis and lymphangio-obliteration.** In BC patients with AWS, swelling at the onset of the syndrome is
frequently seen. However, with the development of collaterals, clinically obvious edema remained in only one-third of
the cases and was not observed in patients who presented no edema as part of their initial symptoms. These observations
could explain why lymphedema of the limbs has not been reported so far and this despite the increasing number of
tattooed subjects. However, the tattooed population is young, the fashion is relatively recent and the presence of tattoos
should be taken into account as part of the clinical figure in the future by vascular surgeons, lymphologists, oncologists
faced with patients with limb oedemas.

Lymphatic alterations were shown years after the tattooing which suggest that they represent “long-standing”
sequelae’s and established morphological alterations of the lymphatic vessels. A lymphoscintigraphic approach would
have enabled us to see deep drainage not seen with ICG and would have been more physiological than with the
intradermal injection of the fluorescent tracer used.*® However, it could have been less well accepted by some volunteers
(due to the injection of radio-labelled particles) and a study is underway where the lymphatic network of the areas to be
tattooed will be evaluated in a more physiological way before and after tattoos using fluorescence imaging but after
subcutaneous injection of the ICG. The lymphatic drainages will be controlled using the same NIRFI approach two
months after the tattooing and it is expected that we should observe the same lymphatic evolutions as in our
lymphoscintigraphic evaluations of AWS.*

The case of the young woman with a multi-coloured tattoo from the wrist to the axilla and with lymphatic reflux in
the hand (see Figure 5) may raise awareness of the problem raised by such tattoo. She can be considered as at risk for
upper limb lymphedema if she had to be operated and to undergo one complete axillary node dissection for breast cancer.
Such tattoos should therefore be discouraged for some subjects especially if they have other risk factors for such
operations, as for instance when a familial history of Breast Cancer or of primary lymphedema is reported. In tattooed
patients with surgery planned for a cancer at the level of one limb, their presence should also be considered as an
indication for realization of a pre-operative evaluation of the lymphatic situation and function of their limbs and
thereafter, either (if possible) for a sentinel lymph node selective lymphadenectomy, or for one LYMPHA approach if
a complete axillary lymph node dissection is planned. An Axillary Reverse Mapping approach (with injection-s of ICG
around and/or in the tattooed area) to identify the axillary lymph nodes draining the arm and the tattooed area could also
be considered. For patients who would benefit from a CALND, especially if followed by a radiotherapy, their post-

therapeutic management could also be adapted.****

Conclusion
Our work shows the presence of abnormal Lymphatic drainage under tattooed cutaneous areas in an unexpected high
number of subjects. Consequently, further works are justified to define the causative factors of these lesions in a greater
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degree. Such alterations Such lymphatic alterations should also be considered in patients with limb edema or at risk for
edema.
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