
Background: The popularity of tattoos has increased significantly, particularly among younger 
demographics. However, the implications of tattoos on medical procedures, such as spinal or 
epidural anesthesia, are not well established. There is a need to understand the potential risks and 
complications associated with administering anesthesia through tattooed skin.

Objectives: This narrative review aims to explore the principles of tattooing, the composition of 
tattoo pigments, the immune response to tattoos, the complications arising from tattoos, and the 
impact of tattoos on spinal or epidural anesthesia. 

Study Design: A comprehensive literature review was conducted to gather information on the 
interaction between tattoos and anesthesia. The review included studies that examined the effects 
of tattoos on anesthesia outcomes and patient safety.

Setting: The review spans both clinical and research environments, focusing on the interactions 
of tattooed skin and anesthesia administration, particularly in regions where tattoos are prevalent.

Methods: Relevant databases were searched for studies discussing the relationship between 
tattoos and anesthesia. The analysis included examination of tattoo pigments, immune responses, 
and the potential for complications during the administration of anesthesia through tattooed skin.

Results: The review found that tattoos could lead to various complications, including infections, 
allergic reactions, and skin lesions. The presence of tattoos does not preclude the use of spinal or 
epidural anesthesia but may necessitate modifications in anesthetic technique. The pigments used 
in tattoos, especially organic compounds, can potentially cause neurotoxic reactions if introduced 
into the spinal canal. Additionally, tattoos may interfere with the body’s immune response, leading 
to localized inflammation and potential nerve injury.

Limitations: The review is limited by the scarcity of studies specifically addressing the interactions 
between tattoos and anesthesia. The variability in tattoo pigments and individual patient responses 
further complicates the establishment of standardized guidelines.

Conclusions: While tattoos present potential risks when considering spinal or epidural anesthesia, 
they do not absolutely contraindicate these procedures. Anesthesia providers should be aware of 
the possible complications and adapt their practices accordingly. These adjustments may include 
selecting alternative puncture sites, using caution with MRI and high-frequency electrosurgery, and 
obtaining detailed information about the tattoo’s pigment composition. Further research is needed 
to establish clear guidelines and to better understand the long-term implications of tattoos on 
anesthesia safety and efficacy.
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TThe art of body tattoos has a long history. In 
recent years, tattooing has become increasingly 
common in China, especially among young 

patients in clinical work, but there is still a lack of 

relevant data about how tattoos interact with medical 
procedures. Reportedly, since 2004, the tattooing rate 
of people under 40 in the United States has been as 
high as 36%, with young women (including pregnant 
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women) showing an increasing trend of tattooing 
on nontraditional sites such as the back, sacrum, and 
abdomen (1). However, some risks may be associated 
with anesthesia puncture in the spinal canal at the 
tattooed site, which has been reported to lead to 
epidermoid tumors or arachnoiditis (2). Therefore, 
when treating tattooed patients, anesthesiologists are 
faced with the challenges of choosing an appropriate 
anesthesia method and deciding whether to administer 
intraspinal anesthesia through a puncture in the body. 
This review focuses specifically on tattoos located at or 
near the site of the intended anesthesia administration. 
However, it is important to consider that tattoos on any 
part of the body may pose risks during certain medical 
procedures, particularly if pigments or other substances 
have systemic effects or if the tattoos are associated 
with widespread skin reactions. In this paper, we review 
the principle and pigment composition of tattoos, the 
complications of tattoos, the potential risks of tattoos 
on spinal or epidural anesthesia, and the choice of 
anesthesia methods, which may serve as a reference for 
clinical practice.

Tattoo Principle, Pigment Composition, and 
Body Immunity

Tattoo Principle and Pigment Composition
In the act of tattooing, a tattoo pigment is in-

jected into the dermis through the epidermis and then 
deposited along the entire needle track. When the 
needle penetrates the dermis, some dermal cells are 
destroyed, the pigment is mixed around the damaged 
cells, and the pigment remains in a steady state among 
the cells. The self-repair mechanism of the human im-
mune system will later initiate itself, causing tiny pig-
ment particles to be engulfed by skin macrophages and 
transported to local lymphatic vessels and perivascular 
lymph nodes, where they will be finally transformed 
into a stable fibroblast with the pigment color, rooted 
between the epidermis and dermis. Only the pigment 
in the dermis layer will be permanent, and natural skin 
peeling will not affect the integrity of the tattoo.

Tattoos are classified as either temporary or per-
manent, and different types of tattoos contain dif-
ferent colors. Temporary tattoos mostly use henna or 
impatiens. Henna is now often diluted or replaced with 
p-phenylenediamine (PPD). There is considerable evi-
dence that topical skin reactions to temporary tattoos, 
such as anaphylaxis, pseudolymphoma, granuloma, 
and bryoid lesions, are associated with reactions to 

PPD and other substituted aromatic amino compounds 
(3). Permanent tattoos are developed using synthetic 
materials. The material that composes a tattoo’s color 
is divided into 2 parts: color base and auxiliaries. Color 
base refers to the role of color pigments, dyes, and 
other organic or inorganic substances. Auxiliaries refer 
to the materials used in addition to the color base, such 
as water, alcohol, glycerine, and resin, which play a role 
in dispersion, wetting, disinfection, emulsification, and 
other processes. Current materials used in tattoo colors 
include organic compounds, inorganic compounds, 
metals, and solvents (4). Changes in chemical composi-
tion result in different colors (Table 1).

Laser treatment is currently the gold standard for 
removing unwanted tattoos. Studies have shown that 
when laser surgery is combined with the instantaneous 
killing of skin macrophages in the tattooed area, frag-
ments of pigment particles produced by the laser pulses 
cannot be captured immediately, increasing the likeli-
hood that they will be expelled through lymphatic ves-
sels (5). Additionally, the combination of laser therapy 
with cell-specific entosis inhibitors can also facilitate 
the excretion of released and broken tattoo pigment 
particles by preventing macrophages or fibroblasts 
from recapturing them (6).

Tattoos and Immunity
When the tattoo color is injected into the dermis, 

macrophages can be activated to induce the dermis 
macrophages to phagocytose exogenous foreign bod-
ies such as metal particles, dead cells, or any other 
type of particles to prevent the diffusion of potentially 
harmful substances (7). Moreover, pigment-laden skin 
has a special type of macrophage called a melano-
phage, which contains melanin. Originally reported 
to exist only in human skin (8), melanophages have 
recently been found in the skin of mice (5). A recent 
study showed that macrophages in the dermis of tattoo 
tissue store pigment particles responsible for maintain-
ing the integrity of the tattoo in the dermis (9).

In addition to immune cells, the dermis contains 
many nonimmune cells, such as fibroblasts, which play 
an important role in skin homeostasis by producing 
and degrading extracellular matrix proteins. Further-
more, fibroblasts are involved in wound healing and 
scar formation. More importantly, studies have shown 
that fibroblasts are involved in the storage of pigment 
particles in tattoos (9,10). In a previous study, electron 
microscopic analysis revealed that pigment particles 
on the tattooed skin of humans combine with the cell 



www.painphysicianjournal.com  E131

Effect of Tattoos on Spinal or Epidural Anesthesia

membranes of fibroblasts to maintain the stability of 
tattoos (11).

Tattoo Complications
Tattoos can cause a variety of complications, in-

cluding infections, allergic reactions, tumors, and skin 
lesions (12). Therefore, for these patients, special at-
tention should be paid to distinguish the complications 
related to the tattoo itself (especially if it is fresh) from 
those caused by clinically related operations and treat-
ment. The age of a tattoo can significantly influence 
the risk of complications during medical procedures, 
including spinal or epidural anesthesia. Fresh tattoos 
(typically within the first 3-4 weeks) are more suscep-
tible to infections due to the skin’s healing process 
and the open wounds associated with the tattooing 
procedure (13). During this period, the risk of bacterial 
infections, allergic reactions, and other complications 
is higher. As tattoos age, the skin barrier re-establishes 
itself, reducing the likelihood of complications, though 
risks related to pigment composition and potential 
inflammatory reactions remain. For these reasons, 
the timing of anesthesia or other invasive procedures 
should consider the age of the tattoo to mitigate po-
tential risks.

Infection
Tattoos disrupt the skin’s barrier function, allowing 

potential pathogens to enter the body. It is estimated 
that 1%-5% of tattoo recipients develop tattoo-related 
skin infections, often from Staphylococcus aureus or 
Streptococcus pyogenes. The clinical manifestations of 
these infections vary, with local manifestations includ-
ing folliculitis, impetigo, cysts, furunculosis, erysipelas, 
or cellulitis and systemic manifestations including toxic 
shock syndrome, spinal epidural abscess, endocarditis, 
and septicaemia (14-18). Signs and symptoms usually 
appear 4-22 days after the individual receives the tat-
too (19).

Fungal infection is rare, but a case of postmortem 
aspergillus fumigatus infection has been reported (20). 
For patients who have recently received tattoos, inva-
sive anesthesia operations in the tattooed area should 
therefore be avoided to prevent infection-related 
complications. Tattoos can also lead to the potential 
spread of hepatitis B, hepatitis C, and human immuno-
deficiency virus (21).

Allergic Reactions
Tattoo allergy is the most common skin complica-

tion among tattoo recipients (22-25). There is no univer-
sal definition of “allergic reaction” to tattoo coloring. 
The current accepted view defines it as a chronic and 
persistent skin reaction that occurs immediately after 
receiving the tattoo or many years later, regardless 
of the type or color of the tattoo, and it is usually ac-
companied by itching. Red is the color most commonly 
associated with allergic reactions to tattoo pigments. 
(25). Common symptoms include swelling, papules, 
nodules, complete infiltration, and sclerosis. Necrosis 
and ulceration are rare. Skin biopsies are recommended 
for the diagnoses of allergic reactions caused by tat-
toos. Various histopathological reactions after biopsies 
include eczema reactions, lymphohistiocytic reactions, 
bryophytic reactions, granulomatous foreign body or 
nodular reactions, and pseudolymphoma (26).

Tattoo-Related Tumors
Chronic trauma, scarring, and/or chronic inflam-

mation of the skin can lead to skin cancer, and tattoos 
can be considered a long-term “scarring process.” Tat-
tooing has been reported to cause skin malignancies, 
including melanoma, basal cell carcinoma, and squa-
mous cell carcinoma (27,28), but the exact mechanism 
of these complications remains unclear. In recent years, 
the incidence of tattoo-related keratoacanthoma and 
pseudoepitheliomatous hyperplasia have also been in-
creasing (29). These lesions are mostly confined to the 
tattooed areas and are reported to be seen most often 
in red tattooed areas (27,30).

Skin Burns
Skin burns are also common complications of tat-

toos. The pigments used in tattoos, especially black 
inorganic dyes, often contain high concentrations of 
iron oxide. There have been reports of skin burns and 
a painful burning sensation at the tattoo site during 
magnetic resonance imaging (MRI) scans (31). The main 
issue is that iron oxide can potentially be magnetic 
and conductive, and the heat produced by MRI scan-

Table 1. Elemental composition of  tattoo pigments.

Aluminium Magnesium

Cadmium (yellow) Mercury (red)

Carbon (black) Nickel

Chlorine Nitrogen

Chromium (green) Oxygen

Cobalt (blue) Silicon

Copper Sulfur

Iron Titanium
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ners can cause skin cells to heat up, leading to burns. 
Therefore, patients with tattoos, especially those with 
black tattoos, should be cautious about receiving MRI 
examinations (32). Additionally, because tattoos often 
contain metals, the use of high-frequency electrocu-
tion during surgery can cause them to form an electric 
current or act as heat conductors, causing skin burns. 
Therefore, patients with potentially metallic tattoos (to 
reiterate, especially if those tattoos are black) should 
be fully evaluated and explained during pre-anesthesia 
evaluation, and the specific composition of the colors 
used in their tattoos should be determined if necessary.

Nerve Injury
Tattoos can also cause nerve injury. Steiner et al 

(33) reported that 3 patients developed brachial plexus 
neuropathy with muscle atrophy near the tattoo areas 
within 3-6 months after receiving their tattoos, which 
might have been due to an immune response induced 
by the tattoo pigments or local chronic neuromuscular 
dysfunctions caused by the pigments’ toxic effects. 
Through animal model experiments, Ferraz et al (34) 
showed that rabbits could produce clinical signs of 
meningeal injury when normal saline was injected into 
the needle sheath through a skin puncture at the tat-
too site.

Potential Risks of Administering Intraspinal 
Anesthesia Through the Tattoo Site

During spinal anesthesia puncture, epidermal tis-
sue may be carried into the spinal canal, resulting in 
an iatrogenic epidermoid tumor. Choremis et al (35) 
reported iatrogenic epidermoid tumors in the epidural 
and subarachnoid spaces of 5 children after multiple in-
traspinal antibiotic injections. The authors hypothesized 
that during lumbar puncture, when the hollow needle 
passed through the skin, tissue with epidermal compo-
nents was left in the puncture hole and then injected 
into the epidural or subarachnoid space, resulting in the 
development of an epidermoid tumor. McDonald et al 
(36) reported a case of a woman who received multiple 
intraspinal anesthesia and developed an epidermoid 
tumor after receiving the fourth round of intraspinal an-
esthesia during delivery. It is generally advised to avoid 
invasive procedures, such as injections or spinal anesthe-
sia, in the tattooed area for at least 4-6 weeks after the 
patient has gotten a tattoo (37). This period allows the 
skin to heal properly and reduces the risk of complica-
tions such as infections or the inadvertent introduction 
of tattoo pigments into deeper tissues during the pro-

cedure. For patients requiring urgent procedures within 
this time frame, alternative sites or methods should be 
considered to minimize risks.

Intraspinal anesthesia through skin puncture in the 
tattooed area may carry pigmented epidermal tissue 
into the spinal canal and cause neurotoxic reactions. 
A prospective study conducted by Campbell et al (38) 
showed that a puncture in the body area may cause 
the epidermal cells inside the hollow needle to migrate 
to deeper tissues, leading to potential complications. 
This problem can occur even with the use of a size-25 
Quincke or Whitacre needle. This issue shows that when 
a hollow needle is used, with or without the needle 
core, components of a tattoo may enter the puncture 
needle accidentally. The pigment tissue or negative 
pressure test may be carried through the epidural 
space, leading to tissue fragments in the deeper part 
of the pinhole and subarachnoid epidural clearance 
and even a nerve toxicity reaction (34,39). In addition, 
some studies have reported that certain elements used 
in tattoo colors, such as aromatic amide, have a poten-
tial carcinogenic effect. Therefore, , such patients must 
be informed of the carcinogenic risk before receiving 
spinal anesthesia (40).

Selection and Consideration of the 
Anesthesia Method

Because of the potential risks of administering 
intraspinal anesthesia through a tattooed area, it is 
difficult to choose an anesthesia method for tattooed 
patients. General anesthesia has a great impact on 
hemodynamics and is very expensive. Some patients 
may refuse general anesthesia due to serious complica-
tions and costs. Local anesthesia cannot provide perfect 
analgesia and is thus not suitable for most surgical re-
quirements, leaving patients with a bad experience and 
reducing their satisfaction. However, there are no clear 
guidelines on the selection of anesthesia methods for 
patients with tattoos in the puncture areas. According 
to the existing literature, the main methods adopted 
for the use of spinal anesthesia on such patients in-
clude the following: choosing an intervertebral space 
that does not have a tattoo or is far from the tattooed 
area, using different access angles, and, if avoiding the 
tattooed area is impossible, trying to find an area in 
the tattoo with no pigment. Furthermore, some stud-
ies have reported that the skin can be cut before the 
insertion of the needle, or that the tattooed area can 
be punctured before the surgery to effectively avoid 
puncture complications (41).
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For patients with lower-back tattoos, the selection 
of puncture points for anesthesia in the spinal canal 
should be individualized, and different puncture points 
and puncture paths should be selected according to the 
tattoos’ positions. If the whole tattoo is located above 
the conventional puncture site, the conventional punc-
ture site can be selected (Fig. 1A). If the tattoo covers 
the whole waist and back, the physician can identify a 
blank area at the conventional puncture point in the 
tattoo pattern and perform the puncture in that area 
(Fig. 1B). If the tattoo covers the entire back area and 
there is no space at the conventional puncture point in 
the tattoo pattern, a different type of anesthesia, such 
as general anesthesia, may be considered (Fig. 1C). If in-

traspinal anesthesia is still required, patients should be 
clearly informed of the risks of intraspinal anesthesia 
before the procedure, and the puncture should be per-
formed at sites with fewer tattoo patterns and lighter 
colors (Fig. 1D).

In addition, for patients who have received tat-
toos recently, puncture in areas that are tattooed or 
infected should be avoided as much as possible during 
the operation to prevent infection-related complica-
tions. Since the intraoperative use of high-frequency 
electrotomes on patients with black tattoos may cause 
skin burns, preoperative risks should be fully assessed 
and explained, and the use of high-frequency electro-
tomes should be avoided as much as possible.

Fig. 1. Anesthesia puncture sites in 4 patients with tattoos on their backs.
(A) A 32-year-old man undergoing mixed haemorrhoidectomy under combined spinal epidural anesthesia. (B) A 
37-year-old man undergoing incision and drainage of  perianal abscess under combined spinal epidural anesthesia. (C) A 
31-year-old man undergoing mixed hemorrhoidectomy under general anesthesia. (D) A 33-year-old male undergoing mixed 
hemorrhoidectomy under combined spinal epidural anesthesia. The black arrows in the figures indicate the anesthesia puncture 
point.
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Conclusions

Puncture at the tattoo site may transfer pigmented 
tissue fragments to deeper sites within the body and 
cause serious complications such as arachnoiditis or 
neuropathy secondary to inflammatory responses, 
but large clinical studies are needed to confirm this 
possibility. Current guidelines do not provide recom-
mendations on the choice of anesthesia modalities 

and alternatives to intraspinal anesthesia for these 
patients. Therefore, we should fully understand the 
potential risks and serious consequences of administer-
ing intraspinal anesthesia through tattooed areas. It is 
recommended that the physician avoid puncturing the 
tattooed site or select a light-colored site for puncture 
during intraspinal anesthesia and, if necessary, choose 
general anesthesia instead.

References
1. Laux P, Tralau T, Tentschert J, et al. A 

medical-toxicological view of tattooing. 
Lancet 2016; 387:395-402. 

2. McDonald JV, Klump TE. Intraspinal 
epidermoid tumors caused by lumbar 
puncture. Arch Neurol 1986; 43:936-939. 

3. Schultz E, Mahler V. Prolonged 
lichenoid reaction and cross-sensitivity 
to para-substituted amino-compounds 
due to temporary henna tattoo. Int J 
Dermatol 2002; 41:301-303. 

4. Timko AL, Miller CH. Johnson FB, Ross 
E. In vitro quantitative chemical analysis 
of tattoo pigments. Arch Dermatol 2001; 
137:143-147.

5. Baranska A, Shawket A, Jouve M, et al. 
Unveiling skin macrophage dynamics 
explains both tattoo persistence and 
strenuous removal. J Exp Med 2018; 
215:1115-1133. 

6. Sahay G, Alakhova DY, Kabanov AV. 
Endocytosis of nanomedicines. J 
Controlled Rel 2010; 145:182-195.

7. Hirayama D, Iida T, Nakase H. The 
phagocytic function of macrophage-
enforcing innate immunity and tissue 
homeostasis. Int J Mol Sci 2017; 19:92. 

8. Haniffa M, Ginhoux F, Wang XN, et 
al. Differential rates of replacement 
of human dermal dendritic cells and 
macrophages during hematopoietic 
stem cell transplantation. J Exp Med 
2009; 206:371-385. 

9. Strandt H, Voluzan O, Niedermair T, 
et al. Macrophages and fibroblasts 
differentially contribute to tattoo 
stability. Dermatology 2021; 237:296-302. 

10. Kröger M, Schleusener J, Lademann 
J, et al. Tattoo pigments are localized 
intracellularly in the epidermis and 
dermis of fresh and old tattoos: In 
vivo study using two-photon excited 
fluorescence lifetime imaging. 
Dermatology 2023; 239:478-493.

11. Taylor CR, Anderson RR, Gange RW, 
Michaud NA, Flotte TJ. Light and 

electron microscopic analysis of tattoos 
treated by Q-switched ruby laser. J 
Invest Dermatol 1991; 97:131-136. 

12. Kluger N. An update on cutaneous 
complications of permanent tattooing. 
Expert Rev Clin Immunol 2019; 
15:1135-1143. 

13. Serup J, Carlsen KH, Sepehri M. 
Tattoo complaints and complications: 
Diagnosis and clinical spectrum. Curr 
Probl Dermatol 2015; 48:48-60. 

14. Cowan RK, Martens MG. Toxic 
shock syndrome mimicking pelvic 
inflammatory disease presumably 
resulting from tattoo. South Med J 1993; 
86:1427-1431. 

15. Chowfin A, Potti A, Paul A, Carson P. 
Spinal epidural abscess after tattooing. 
Clin Infect Dis 1999; 29:225-226. 

16. Satchithananda DK, Walsh J, Schofield 
PM. Bacterial endocarditis following 
repeated tattooing. Heart 2001; 85:11-12.

17. Tse D, Khan S, Clarke S. Bacterial 
endocarditis complicating body art. Int 
J Cardiol 2009; 133:28-29. 

18. Korman TM, Grayson ML, Turnidge 
JD. Polymicrobial septicaemia with 
Pseudomonas aeruginosa and 
Streptococcus pyogenes following 
traditional tattooing. J Infect 1997; 
35:203. 

19. Kluger N. Acute complications of 
tattooing presenting in the ED. Am J 
Emerg Med 2012; 30:2055-2063. 

20. Kluger N, Saarinen K. Aspergillus 
fumigatus infection on a home-made 
tattoo. Br J Dermatol 2014; 170:1373-1375. 

21. Fujita H, Nishii Y, Yamashita K, 
Kawamata S, Yoshikawa K. The uptake 
and long-term storage of India ink 
particles and latex beads by fibroblasts 
in the dermis and subcutis of mice, with 
special regard to the non-inflammatory 
defense reaction by fibroblasts. Arch 
Histol Cytol 1988; 51:285-294. 

22. Serup J, Sepehri M, Hutton Carlsen K. 

Classification of tattoo complications 
in a hospital material of 493 adverse 
events. Dermatology 2016; 232:668-678. 

23. Kluger N, Descamps V. Usefulness of 
a specialized <<tattoo>> consultation 
in a tertiary care hospital: A one-year 
experience. J Eur Acad Dermatol Venereol 
2019; 33:182-183. 

24. Kluger N. Cutaneous complications 
related to tattoos: 31 cases from Finland. 
Dermatology 2017; 233:100-109. 

25. Van der Bent SAS, de Winter RW, 
Wolkerstorfer A, Rustemeyer T. Red 
tattoo reactions, a prospective cohort 
on clinical aspects. J Eur Acad Dermatol 
Venereol 2019; 33:384-386.  

26. Kluger N, Plantier F, Moguelet P, 
Freitag S. [Tattoos: Natural history and 
histopathology of cutaneous reactions.] 
Ann Dermatol Venereol 2011; 138:146-154. 

27. Kluger N, Koljonen V. Tattoos, inks, and 
cancer. Lancet Oncol 2012; 13:e161-e168. 

28. Korner R, Pfohler C, Vogt T, Müller CSL. 
Histopathology of body art revisited - 
analysis and discussion of 19 cases. J 
Dtsch Dermatol Ges 2013; 11:1073-1080. 

29. Fraga GR, Prossick TA. Tattoo-
associated keratoacanthomas: A series 
of 8 patients with 11 keratoacanthomas. 
J Cutan Pathol 2010; 37:85-90. 

30. Kluger N, Douvin D, Dupuis-Fourdan 
F, Doumecq-Lacoste JM, Descamps V. 
[Keratoacanthomas on recent tattoos: 
Two cases.] Ann Dermatol Venereol 2017; 
144:776-783. 

31. Vahlensieck M. Tattoo-related 
cutaneous inflammation (burn grade 
I) in a mid-field MR scanner. Eur Radiol 
2000; 10:197. 

32. Kuczkowski KM. Lumbar tattoos, 
magnetic resonance imaging, and 
obstetric anesthesia: What do they have 
in common? J Anesth 2007; 21:293. 

33. Steiner I, Farcas P, Wirguin I. Tattoo-
related brachial plexopathies with 
adjacent muscle atrophy. Ann Intern Med 



Effect of Tattoos on Spinal or Epidural Anesthesia

www.painphysicianjournal.com  E135

2000; 133:158-159. 
34. Ferraz IL, Barros GA, Ferreira Neto 

PG, et al. Does spinal block through 
tattooed skin cause histological changes 
in nervous tissue and meninges? An 
experimental model in rabbits. Reg 
Anesth Pain Med 2015; 40:533-538. 

35. Choremis C, Economos D, Gargoulas 
A, Papadatos C. Intraspinal epidermoid 
tumours (cholesteatomas) in patients 
treated for tuberculous meningitis. 
Lancet 1956; 2:437-439. 

36. McDonald JV, Klump TE. Intraspinal 
epidermoid tumors caused by lumbar 
puncture. Arch Neurol 1986, 43:936-939. 

37. Islam PS, Chang C, Selmi C, et al. 
Medical complications of tattoos: A 
comprehensive review. Clin Rev Allergy 
Immunol 2016; 50:273-286. 

38. Campbell DC, Douglas MJ, Taylor G. 
Incidence of tissue coring with the 
25-gauge Quincke and Whitacre spinal 
needles. Reg Anesth 1996; 21:582–585.

39. Brandus V. The spinal needle as a carrier 
of foreign material. Can Anaesth Soc J 
1968; 15:197-201. 

40. Kuczkowski KM. Lumbar tattoos and 
lumbar epidural analgesia: Unresolved 
controversies. Can J Anaesth 2008; 
55:128. 

41. Houhoulis K, Lewis K, Fasone R, 
Benham BE. Tattoos and administration 
of regional anesthesia: A comprehensive 
systematic review protocol. JBI Database 
System Rev Implement Rep 2016; 14:48-63. 




