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Abstract: At the end of breast reconstruction, the creation of a natural-appearing areola is very important for patient satisfaction with
the  surgical  result.  The challenging aspects  of  achieving this  include matching the  color  and texture  as  well  as  the  size,  shape,
position, and projection of a normal areola, particularly in unilateral cases. The most common techniques that have been used to
create a naturalistic nipple–areola complex have included skin grafting, tattooing, or a combination of both. Surgeons are finding that
tattooing, the intradermal electric deposition of pigments, can be used to closely approximate natural areola pigmentation. Using the
appropriate technique is essential as it is known that tattoo pigment fades over time and appears somewhat different after intradermal
applied. Indeed, physicians’ experience and color selection greatly affect the aesthetic outcome. Skin grafting has long been used in
nipple–areola reconstruction, and skin donor sites such as retro- auricular, inner thigh, labia minora and contralateral areola have
been employed. The choice of donor site depends on different factors, including the presence of a healthy contralateral areola and the
skin tone of the patient. In some cases, tattooing may be used in conjunction with grafting. Regardless of areolar reconstructive
technique, medical pigmentation is becoming a preferred method of producing a more realistic-appearing breast, although periodic
touch-ups may be required for optimal results.
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surgery.

1. INTRODUCTION

Patients  with  areola  loss  because  of  trauma,  breast  cancer  removal,  or  congenital  malformation  can  experience
psychological distress even once breast reconstruction has been performed. Areola reconstruction can also be performed
following congenital or delayed disease, burn-related deformities, and alterations post breast surgeries [1]. Furthermore,
significant  psychosocial  benefits  are  proved for  women undergoing whole  breast  reconstruction after  breast  cancer
resection. Many surgical techniques and devices have been used for breast reconstruction to restore an aesthetically
pleasing breast profile, such as local flaps, implants, expanders, autologous fat grafting and adipose-derived stem cells
[2 - 32]. Studies have shown that areola re-creation improves also patient’s gratification and satisfaction of body image
[33].

Hence, breast reconstruction can be concluded only by areola recreation, matching the size, shape, projection, and
position  of  contralateral  nipple.  Areolar  reconstruction  can  be  considered  as  the  last  reconstructive  step  in  breast
reconstruction [34 - 36], as a reconstructed breast without an areola remains anatomically incomplete. One of the main
issues  in  areola  reconstruction  includes  recreating  pigmentation  and  texture  matching  the  native  one.  Grafting  or
paramedical pigmentation or a combination of both are the commonly employed strategies. Timing for reconstruction
also matters. Usually at the time of breast reconstruction or in delayed surgical session, skin grafting is performed,
otherwise tattooing occurs about 2 months after nipple creation, however, several authors reported satisficing results
with simultaneous nipple reconstruction and paramedical pigmentation [37].
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Areola  reconstruction  is  often  performed  by  grafting  from  the  upper  inner  thigh  or  contralateral  areola  or
alternatively by intradermal paramedical pigmentation [38]. In order to provide a color and produce a more realistic
appearance,several authors reported that tattooing is the ideal technique among the areola reconstruction procedures [39
- 41]. Skin grafting remains an important technique worldwide; tattooing is considered an effective technique for areola
reconstruction,  however,  experience,  periodic  maintenance and special  medical  equipment  are  required for  optimal
results. Nevertheless, Kargül et al. reported that grafting from the contralateral areola allowed obtaining the best color
match compared to medical pigmentation or the use of skin graft from groin [42].

2. TATTOOING

The use of areola tattooing is a major adjunct to reconstruction. An excellent areolar color matching with limited
morbidity could be provided by tattooing itself or in conjunction with skin grafting. After surgery, trauma, or illness, it
is possible to use paramedical pigmentation (tattoo or permanent makeup techniques) which allows returning the areola
to the previous original color toning.

Size,  color,  and  nipple-areola  location  without  needing  donor  tissue  can  be  adjusted  freely  by  paramedical
pigmentation; this is the greatest advantages of tattooing technique. In 1975, Rees [43] and Spear et al. [44] introduced
the tattooing uses of intradermal pigments, chosen from a color plate that typically included an iron and titanium oxide
mixture. Although, as reported, revision surgery was often necessary due to the presence of pigments in postsurgical
breast scars or other body areas. The most difficult goal and the crucial part of areola tattooing is the color selection
[45]. Factors contributing to the difficulty of more suitable color selection are; fading of the pigment and the disparity
between  the  color  chosen  and  their  appearance  after  intradermal  application.  Many publications  reported  the  color
disappearing  after  intradermal  application;  authors  suggested  adopting  a  darker  color  tone  than  required  as  a
countermeasure  to  fading  [46,  47].

In case of unilateral areola reconstruction, the color should be selected slightly darker compared to the contralateral
areola [1]. There are no publications addressing the meaning of the term ‘darker’, whether it is more adequate to choose
a dark color with a lower tone or a more highly saturated, rich, vivid color is yet unclear.

The disparity between the chosen color and the color appearance once it has introduced into the skin is another
factor contributing to difficulties in pigment selection. As reported in literature, the tonality of the skin patient,  the
inflammation and the scarring tissue influence the appearance of selected color once it has introduced into the skin after
tattooing. In order to assist a better color selection for nipple-areola complex reconstruction by tattooing, Tomita et al.
[48] studied the post tattooing color variation over time. They reported that after paramedical pigmentation, the pigment
spreads  directly  from superficial  layers  of  the  skin  to  the  deeper  ones.  Following  about  a  week  as  scarring  occurs
causing the loss of some keratin pigment, and, after 2-3 months, the more intense skin turnover of superficial layers
compared  to  the  deeper  ones  determines  the  loss  of  further  pigment  [49,  50].  In  addition,  the  phagocytosis  by
macrophages and lymphatic drainage decreases the pigment concentration [51, 36]; this is particularly significant in
case when pigment is deposited into the deeper dermis layer. The bulky scar formation as a result of undesired skin
damage and the needless blood loss cause the pigment excretion that may contribute to premature color fading as well
[39, 41]. Because of these reasons, maintaining an appropriate depth, minimizing skin damage, and tattooing carefully
are important to obtain a good result. The pigment placement too deeper leads to macrophage processing and removal;
while too superficial may cause the pigment extrusion due to the skin desquamation, both resulting in early color fading
[52]. According to Tomita et al. [48], it is important to balance the proportion of pigments structural elements into the
final mixture to create the desired color and avoid the color changes after areola tattooing. In fact, as they reported, the
ideal paramedical color fundamental properties for areola tattooing must include the tone bit less bright, less tending to
red, and containing more yellowness when compared with the native side [48]. To avoid bacterial or viral infections,
disease sterile technique is mandatory. Spear et al. [36] reported that 9.5% of areolas needed makeover due to pigment
fading, and that 60% of all areolas were characterized as too bright during the follow-up. For this reason, over the time
to  obtain  an  aesthetically  pleasing  color  match,  many  patients  will  likely  require  touch-up  tattooing.  Usually,  the
tattooing area undergoes desquamation and scab formation for 3-5 days [36] and should be treated with antibiotic topic
crème, and the dressing should be replaced daily [36].  Subsequently,  slight  fading of color may occur,  and several
patients desire a touch-up after few months [36]. Areola tattooing marks the end of a breast reconstruction plan [53].

Halvorson et al. [54] reported the use of three-dimensional technique for areola tattooing. It is essentially the inverse
of traditional nipple-areola complex tattoo technique. Most nipple-areola complex tattoos are performed using lighter
ink for the areola and a central circle of darker ink for the nipple; instead, the three-dimensional technique serves the
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creation of a lighter inner circle with a dark border, which is thickened inferiorly to create a shadow effect. Although
this procedure can be performed with standard medical tattooing equipment, a professional tattoo artist can assist the
surgeon  with  specialized  equipment  and  ink  in  order  to  produce  an  outstanding  result,  including  tattooing  of
Montgomery  glands.  When  nipple  projection  is  almost  or  completely  lost,  this  technique  can  give  the  illusion  of
projection without surgical revision and by adjusting the darker ring of color around the nipple, it is possible to contrast
asymmetries without surgery.

Usually, the first areola paramedical pigmentations may appear with unequal marking or irregular profile that are
difficult to correct regardless of any technical learning curve. The tattooing procedure of areola should be performed
with care to obtain a uniform color and regular contour [55] (Figs. 1-5).

Fig. (1). A 38-year-old female patient who had breast cancer involving the right nipple–areola complex.

Fig. (2). Follow-up two weeks after inferior-central quadrantectomy.
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Fig. (3). Follow-up two months after symmetrization of the left breast.

Fig. (4). Nipple-areola complex tattooed 3 months after the second surgery; frontal view.
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Fig. (5). Nipple-areola complex tattooed 3 months after second surgery; lateral view.

3. GRAFTING

The use of split and full thickness skin grafts from different donor sites, as the contralateral normal areola, retro-
auricular skin, labia minora and inner thigh was the main technique prior to the use of paramedical pigmentation for
reconstruction of areola by tattooing. Often donor sites other than the native areola are declined from patients, because
pain, graft survival, and the color match achieved are often unsuitable or inconstant. Textured, wrinkled surface and
distinctive pigmentation of a normal areola with Montgomery tubercles are advantages of areola skin grafting compared
to tattooing [56]. Adams [57] reported the use of free labia minora graft to supply pigmented skin, in case of donor site,
the contralateral breast is unavailable. However, several patients desire to preserve the donor site, because labial skin is
more dark, making the reconstructed areola excessively pigmented. A donor site a little less pigmented than areola is
necessary for an acceptable color match when the difference between the tonality of areola and that of the surrounding
breast skin is not relevant in several white patients.  Edwards et al.  [58] studied the color difference of human skin
phototype by spectrophotometry. Patients readily accepted the skin of the upper and inner thigh as donor site because it
is darker than breast skin and less pigmented than labial skin [59]. As concern unilateral cases, split and full-thickness
skin grafts match the opposite normal areola with good results; they are dark enough and have proven satisfactory [59].
Any areolar pigmented scar, or remaining nipple, is brought through a small opening in the center of skin graft after its
placement  on  a  prepared  deep  dermal  bed  [59].  If  there  is  no  suitable  tissue  to  simulate  the  papilla,  the  tip  of  the
opposite normal nipple may be transplanted [59]. Schwartz et al. [60] described areola reconstruction as a full-thickness
skin graft from the normal areola. The operation consists of preparing a deep dermal bed for transplanting the outer ring
of contralateral  areola as a long strip of  full-thickness skin graft.  The central  end of spiral  full-thickness skin graft
assembled to simulate the nipple prominence. By a fine suture and a tie-over pressure dressing, it is possible to keep it
stationary on the site. The procedure is most acceptable for wide areolas, and for excellent result, the final dimension of
each areola should be the same [60]. In order to treat darker complexion cases, the inguinal–perineal skin has been
proposed [61]. However, these donor sites are not often valued by patients despite the scar could be camouflaged and
simply covered by clothes [61]. Brent et al. [62] reported the use of a full-thickness graft from the retro-auricular donor
site, because it allows to obtain a typically pinkish color, most acceptable for patients of fair complexion, such as true
blondes and red-haired woman.

4. DISCUSSION

The ideal areola reconstruction should be symmetrical with the normal breast and provides a good color and texture
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match.  Over  the  last  decades  to  achieve  these  objectives,  many  techniques  have  been  developed.  The  use  of  full-
thickness skin grafts from different areas of the body, as well as the contralateral areola, the upper, inner side of the
thigh or labia minora allowed reconstructing the areola [63, 64]. However, the original pigmentation of skin grafts is
usually  transitory  and  changes  over  time.  Furthermore,  anesthetic  scar  at  the  level  of  donor  site,  deformity  and
asymmetry  of  the  areola  are  common  complications  after  incomplete  graft.  When  depigmentation  or  graft  failure
occurs, delayed paramedical pigmentation of the areola has been performed to correct them [44]. Tattooing of areola as
first  reconstruction  option  is  an  efficient  and secure  method that  can  be  used to  achieve  good symmetry  and color
match. After areola paramedical tattooing, no donor sites are needed and major complications are not observed, even if
strict sterility procedures are not followed, the infection may occur [44]. Areola tattooing inevitably requires a more or
less rapid learning curve, the pigment should be manually mixed to find the normal areola color match, and the color
shade occasionally changes once pigment is introduced into the dermis. This undesired effect appears in an evident
color  mismatch,  or,  in  an  early  color  fading  when  the  pigment  is  not  introduced  deep  enough.  Over  the  time,  the
pigment color fading is a not rare event reported in the literature. For this reason, for areola tattooing, the selection of a
darker color shade compared to the normal one is relevant, in order to contrast the potential pigment fading over the
time,  resulting  in  a  more  appropriate  match  [44].  The  introduction  of  three-dimensional  tattooing  technique  was  a
significant advance in obtaining improved aesthetic results for women undergoing breast reconstruction, in fact, any
prominence will achieve three-dimensionality when light and shadow are used appropriately in two dimensions [54].

Shade discrepancies can be easily adjusted by further areola tattooing, however, a quick improvement of overall
results was reported after an adequate learning curve.

CONCLUSION

In the last decade, authors tried to control and predict skin grafts pigmentation for areola reconstruction. Despite
various  attempts,  clinical  experience  proves  that  this  is  difficult  to  achieve.  A  problem  with  all  skin  grafts  is  the
morbidity of donor site,  sometimes refused form patients.  Therefore,  in most cases,  immediate areola tattooing has
made skin grafting dispensable.
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