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Mastectomy has been used for the treatment of breast cancer for many years, but the importance of the positive psychosocial
benefits of breast reconstruction in breast cancer treatment has been recognized in the past years. Now, more women seek breast
reconstruction and surgeons perform more reconstructions. A breast can be reconstructed by two methods: prosthetic implants and
autologous tissue. The reconstruction can be performed immediately at the time of mastectomy or on a delayed basis. Factors as-
sociated with implant reconstruction include timing, patient selection, method of reconstruction, and filler material. The pros-
thetic implant reconstruction can be performed in one or two stages. The principal inethods of breast reconstruction using autolo-
gous tissue include flaps from lower abdominal tissue, the latissimus dorsi musculocutaneous flap, other flaps, and the autologous
fat grafting. In this article the main reconstruction methods either with implants or autologous tissue are reviewed and their ad-

vantages and disadvantages are discussed.

Key Words: breast reconstruction, prosthetic implants, autologous reconstruction, radiotherapy.

INTRODUCTION

Breast reconstruction has become an integrated
part of breast cancer treatment due to long-term psy-
chosexual health and its importance for breast cancer
survivors. Both autogenous tissue-based and implant-
based reconstruction provides satisfactory reconstruc-
tive options although each has their own advantages
and disadvantages. A brief overview of the current op-
tionsin breast reconstruction is presented in this article.

BREAST RECONSTRUCTION

WITH PROSTHETIC IMPLANTS

Usage of prosthetic implants for breast recon-
struction became the agenda in the early periods
of the 1960s. Cronin and Gerow developed silicone
prosthesis in 1961 and used it clinically for augmen-
tation mammoplasty in 1962 [1]. Shortly after, these
implants began to be used for the reconstruction
of mastectomized breasts [2]. Breast reconstructions
using prosthetic implants were applied in single stage
at first. Development of tissue expanders by Radovan
created new possibilities in immediate or delayed
reconstruction and during the 1980s, the popularity
of single-stage reconstruction by implants was over-
ridden by two-stage reconstructions [3].

Major developments have occurred inimplant tech-
nology and surgical techniques in the course of years,
leading to more successful and natural results obtained
by implant reconstruction [4]. Today, although breast
reconstruction withy autologous tissues is considered
golden standard, 82.7% of breast reconstructions in the
United States of America are carried out by implant-

Received: February 28, 2013.
*Correspondence: Fax: +90 312 5956563

E-mail: drburak@yahoo.com
Abbreviations used: DIEP — deep inferior epigastric artery perfo-
rator; FDA — the American Food and Drug Administration; LDM —
latissimus dorsi myocutaneous; SGAP — superior gluteal artery
perforator; SIEA — superficial inferior epigastric artery; TRAM —
transvers rectus abdominis myocutaneous.

based techniques as demanding microsurgical tech-
niques are not required, operations and hospitalizations
last shorter, and costs are lower [5].

SILICONE IMPLANTS

Sincethe beginning oftheiruse in 1962, 240 different
types of implants have been manufactured by at least
10 different manufacturers. Until now, it is estimated
that 8000 different implants differing in terms of size,
form, valve mechanisms and their contents have been
manufactured [6]. Commercially used silicone breast
implants can be basically classified depending on their
contents, surface structures and shapes.

Silicone-gel filled implants and saline filled
implants

Implants are divided into two types according to the
materials they contain. Whatever content they have,
the outer shell is the same and consists of silicone
elastomer. Implants containing saline are divided into
two different types such as those with no valve mecha-
nism, that are inflated by the manufacturer and those
containing a valve mechanism and can be inflated
during surgery [7].

The concern that breast implants might cause
cancer and certain autoimmune diseases have been
addressed in many studies since the 1980s. The
American Food and Drug Administration (FDA) decided
to pull silicone implants off the market for 45 days,
in 1992, until required information was collected. After
45 days the FDA put some restrictions on the usage
of these devices. With the decision taken by the FDA,
silicone-gel filled implants have been allowed only
in breast reconstruction in the United States; however,
these restrictions weren’t applied in Europe.

Today, it is proven that there isn’t any connection
between autoimmune diseases, connective tissue
diseases and any systemic diseases such as cancer
and silicone-gel filled implants. Also, important im-
provements have been made in production standards,
quality and design of implants within 15 years in which
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they have been pulled off the market: silicone elasto-
mer sheath resulting in less leakage, and more cohe-
sive silicone-gels have been produced. In other words,
the quality and reliability of implants have increased.
Considering these facts, the FDA on April of 2006 ap-
proved usage of silicone-gel implants on patients over
the age of 22 for cosmetic purposes [8, 9].

The most important disadvantage of saline-filled
implants is that they have more solid consistency than
silicone-gel implants and can be more palpable. Sili-
cone-gel implants have softer consistency and when
these implants are used, more natural-like results are
obtained. Even if it is proven that there isn’t any con-
nection between silicone-gel implants and systemic
diseases, concern regarding leakage of silicone-gel
potentially exists. New generation silicone implants
currently being used contain cohesive gel with more
intensive consistency than the previous generations.
When cut or torn, the shape of the implant does not
change and silicone-gel does not leak out [10].

Smooth implants and textured implants

The smooth implants were the first produced im-
plants. In order to prevent capsular contracture caused
by the usage of these implants textured implants or,
in other words, implants with rough surfaces have been
developed [11].

Round implants and anatomic-shapedimplants

The horizontal and vertical lengths of round implants
are identical. The term anatomic-shaped or tear drop-
shaped implant is used to identify the implants that have
vertical lengths different from their horizontal lengths.
When used, it is possible to gain a more natural breast
appearance. The disadvantage specific to anatomic
implants is that the implant can rotate. Therefore, when
the implant pocketis prepared, the preparation of alarge
pocket should be avoided as it may facilitate rotation [12].

SELECTION OF PATIENT

The most important factors in decision making for
breast reconstruction with implants are whether the
reconstruction is unilateral or bilateral, the body type
of the patient and accompanying diseases. Obtaining
symmetry is one of the mostimportant targets of breast
reconstruction. The best results in reconstruction
by implants are achieved in patients with 500 g breast
volume or lower. The most suitable candidates for breast
reconstruction by prosthetic implants are patients with
low or normal bodyweight, patients needing bilateral re-
construction, and patients whose contralateral breasts
are not ptotic or slightly ptotic, who have low or normal
weight. As volume and ptosis of the patient's contra-
lateral breast increases, obtaining symmetry becomes
more difficult and in order to obtain symmetry, methods
such as reduction mammoplasty, mastopexy should
be applied to the contralateral breast [13].

In patients with multiple health problems, recon-
struction operation with implants can be preferred due
to shortness of the duration of the operation, but the fact
that it will be a multi-stage operation and revisions will
be required, causing the patient to receive anesthesia

multiple times should not be ignored. Obesity will make
reconstruction difficult anditis an independent risk fac-
tor like smoking, hypertension and being over 65 years
in terms of perioperative complications [14, 15].

Even if breast reconstruction by implants can
be carried out in many patients, it has two absolute
contraindications. Soft tissue or skin deficiency
to cover the surface of the implant constitutes the first
absolute contraindication. This situation may emerge
due to aggressive mastectomy or in relation to radio-
therapy. Active infection in the operation field is the
other absolute contraindication. Irradiation of the chest
wall, decision on radiotherapy after mastectomy and
systemic diseases such as scleroderma, obesity and
active smoking are relative contraindications [ 14—16].

TIMING

Breast reconstruction by prosthetic implants can
be applied as immediate reconstruction with mastec-
tomy and also after mastectomy (delayed reconstruc-
tion). Each of these methods has their own advantages
and disadvantages. The most important advantage
of immediate reconstruction is that the patient can get
out of the hospital after the operation without losing
their sense of integrity. In other words, a psychological
benefit is provided to the patient by this method. Fur-
ther advantages are related to the surgical technique,
which are proper planning of incision patterns in co-
operation with the surgeon to carry out mastectomy
and preservation of the maximum possible amount
of healthy muscle and skin tissue. Increased risk of in-
fection, hemorrhage, possibility of hematoma causing
higher rate of skin flap necrosis and not knowing the
necessity of radiotherapy preoperatively are the most
important disadvantages of the immediate reconstruc-
tion methods [14-19]. Recent studies demonstrated
no difference in immediate reconstruction surgeries
in terms of loco regional recurrence of breast cancer,
in comparison with delayed reconstruction surgeries
[16, 20]. If reconstruction surgery is performed elec-
tively after weeks or months, this approach is called
a delayed reconstruction, and the most important
advantages of this technique are its simplicity and
reliability. Less dissection is performed, and concerns
over skin flap viability have been eliminated. Another
important advantage of this method is that a corre-
sponding reconstruction method can be chosen since
it is known if the patient will receive radiotherapy. The
most important disadvantage of this technique is that
the patient will stay mastectomized for a long time pe-
riod until the completion of reconstruction and it may
have negative psychological effects [17, 21, 22].

RECONSTRUCTION METHODS

There are mainly two methods applied in breast
reconstructions with prosthetic implants. The first one
is the single stage reconstruction where permanent
implant or permanent expander/implant is placed; the
second one is the two-stage reconstruction where per-
manent implant is inserted following tissue expansion.
Apart from these two methods, there are also combined
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implant/autologous tissue reconstruction methods
available, in which prosthetic implants are used in re-
construction carried out with autologous tissues.

Single stage reconstruction

In a single stage reconstruction with a permanent
implant, the place of the resected breast tissue is filled
with animplant of appropriate volume. Inthe first cases
breast reconstructions using implants, the single stage
technical method was used. However, the clinical stu-
dies showed better results with two-stage methods,
therefore single stage method with permanent implant
left its place to the two-stage methods. Yet, still exist
some clinical situations suitable for one stage per-
manent implant placement. Reconstruction of small
breasts using skin-sparing mastectomy can be done
with this method. The most suitable reconstructions
for this method are reconstructions to be performed
on patients who have less ptotic, round shaped
breasts, with healthy mastectomy flaps and resected
tissue less then 300 g [15, 19, 23].

In single stage reconstruction where a permanent
expander/implant is placed, double lumen expandable
gel/saline filled implants are used. Becker found this
method in 1984 [24]. The implant is partially inflated
during the surgical operation, and breast expansion
is maintained via a port during the postoperative period
until symmetry is achieved. During the operation, the port
is placed in subcutaneous tissue, away from the breast
implant, and removed after the desired look is achieved.
Indications for this method are same as the patients re-
constructed with single stage permanent breastimplants
but vary in respect to obtain symmetry by providing the
surgeon with more control and by enabling symmetry
in slight ptotic breast cases by deflation following overex-
pansion. Its mostimportant disadvantage is the necessity
of removing the port after the desired expansion [25].

It is difficult to obtain symmetry in single stage
reconstruction, also the rate of complications such
as infection, skin necrosis and implant exposure also
are higher in comparison with two stage methods.
When the final breast form reconstructed with single
stage methods is compared with two-stage method,
it is typically smaller and less ptotic [16].

Two-stage reconstruction

The most commonly practiced form of breast
reconstruction with implants is the two-stage recon-
struction [21]. In this method, a temporary device
called as tissue expander is placed in a submuscular
pocket during the first operation if immediate breast
reconstruction is performed and at the first stage if de-
layed reconstruction is performed. But at the second
stage the tissue expander is removed, and breast
reconstruction is completed with a permanent im-
plant. Following Radovan’s first presentation of tissue
expanders for breast reconstruction in 1982, the two-
stage method replaced the single stage method [3].
Expanders have a port either integrated on the device
or positioned in a remote area by means of a tube
in order to allow infiltration of saline for expansion. The
tissue expanders used for breast reconstructions are

anatomically shaped in general and thus the lower pole
can be expanded more. First infiltration for expansion
is carried out generally after incisions are healed. Pre-
dictors of how much volume is to be infiltrated at atime
are skin tolerance and the patient’s resistance to the
feeling of tension. Expansion time may vary between
3 to 7 months [16]. Approximately a 30% overexpan-
sion is needed to obtain an acceptable breast ptosis.
After completion of expansion, the tissue expander
is removed, and an appropriate sized permanent im-
plant is placed. Two-stage reconstruction is a more
reliable method and has several advantages over the
single stage method. While the tissue quality covering
the implant is improved at the first stage, it becomes
possible to re-adjust the position of the permanent
implant, manipulate the inframammary fold and thus
give better shape to the breast. The period between
the first stage and second stage also gives time for the
patient and the surgeon in dealing with factors such
as chemotherapy and radiotherapy [19, 21].

Radiotherapy and prosthetic breast recon-
struction

The number of the patients requiring radiotherapy
1o their chest wall after mastectomy is increasing [26].
Thefirst controversial issue is whether the immediate re-
construction method shall be applied to the patientswho
are known to receive radiotherapy after mastectomy; and
the other controversial issue is what breast reconstruc-
tion optionwill be preferred for patients who have already
received radiotherapy. Radiotherapy, whether before
or after the breast reconstruction has been shown to have
adverse effects on implants and the results of breast
reconstruction and increases the rate of complications.
These complications include infection, implant rupture,
and implant exposure, wound dehiscence and contrac-
tures. These wound related complications maylead to the
patient’s dissatisfaction with results [22, 26, 27].

The current approach is to avoid prosthetic re-
construction in patients who received or will receive
radiotherapy, and to prefer reconstructions with
autologous tissue. But some patients may not prefer
reconstructions with autologous tissue or may not
be suitable for this approach; the surgeon may decide
on breast reconstruction with implants considering the
high complication risk in these cases [26].

Another problem is the necessity of subsequent
radiotherapy in some patients who underwentimplant
based breast reconstruction. Management of these
patients is rather difficult, high complication rates are
seen and a large number of surgical interventions may
be required [28].

ADVANTAGES AND DISADVANTAGES
OF BREAST RECONSTRUCTION WITH
PROSTHETIC IMPLANTS

In summary, simplicity of operations compared
to breast reconstruction with autologous tissue, the
usage of tissue in same structure and skin color with
contralateral breast for the reconstruction procedure
and no donor sites are the mostimportant advantages
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of the breast reconstruction with implants.Short dura-
tion of surgery and recovery process and lower costs
of operations are its additional advantages. But al-
though the operation and recovery periodis short, the
period of expansion may be quite long and troubled.
Additional interventions need to be performed fre-
quently in order to ensure symmetry, and the symmetry
cannot usually be obtained as well as in reconstruc-
tions with autologous tissues [14—-17, 21]. Adverse
effects of the radiotherapy are also much greater
on breast reconstruction with implants [22, 26-28].

AUTOLOGOUS BREAST

RECONSTRUCTION

Although implant-based reconstruction is the most
popular method of breast reconstruction [29], autolo-
goustissue reconstruction is generally regarded as the
gold standard in breast reconstruction [26]. Autologous
reconstruction has the benefit of replacing like with like.
Autologoustissue can be transferred either on a pedicle,
remaining attached to its own blood supply, or asafree
flap, which requires microvascular anastomosis of the
donor tissue vessel to the recipient site vessel.

Despite requiring lengthier procedures and longer
recovery, autologous tissue-based reconstruction rec-
reates soft, naturally ptotic breast shape that is ideal
for matching an unaffected contralateral breast [30].
Also this kind of reconstruction provides good vas-
cularity, which can be critical in patients exposed
to radiotherapy [31].

The most favored donor site and method of choice
in autologous breast reconstruction is utilization of the
lower abdominal tissue [32]. The back, flank, buttocks,
and thighs also can be used as alternative donor sites
when necessary [33, 34].

Lately, autologous fat grafting for breast recon-
struction has become another important option [35,
36]. Successful results using structural fat grafting
for the breast reconstruction have been published,
however indication and safety in clinical practice is still
controversial [37-39].

(Pedicled) transvers rectus abdominis myo-
cutaneous flap

The pedicled transvers rectus abdominis myocu-
taneous (TRAM) flap by Hartrampf et al. in 1982 re-
mains most common procedure of autologous breast
reconstruction [40, 41]. This myocutaneous flap has
two dominant pedicles: the superior and inferior epi-
gastrics, and is classified as a type lll flap according
to the Mathes — Nahai classification [42]. Although
the pedicled TRAM flap survives on the choke ves-
sels by means of the superior epigastrics, free TRAM
and muscle-sparing free TRAM are all based on the
inferior epigastrics.

TRAM flap consists of predominantly infraumbilical
skinand subcutaneous fat that is attached to its superior
epigastric vascular pedicle within the rectus abdominis.
The flap is tunneled subcutaneously to the mastectomy
defect, and the donor site is closed in a cosmetic ab-
dominoplasty fashion (tummy tuck) [43]. The amount

of thetissue that can be transferred is generally smaller
and fat necrosis rates can be higher in comparison
to the other abdominal flaps such as free TRAM flap,
because the blood supply is derived from the less
dominant superior epigastric system for the pedicled
TRAM flap [44-46]. In certain high-risk individuals, such
as obese, smokers, and irradiated patients, who leads
to higher rate of flap complications, may be required
delay procedure to decrease these risks.

The pedicled TRAM flap sacrifices the rectus ab-
dominis muscle and its overlying fascia, so this requires
usage of the mesh in reconstructing the abdominal wall
and can lead to functional deficits postoperatively [46].
This has led to the popularization of the other abdomi-
nal flaps such as the free TRAM flap, and deep inferior
epigastric artery perforator (DIEP) flap.

One of theimportant advantages of the pedicled TRAM
flap is that it doesn’t require microvascular capabilities
and, thus, tends to require shorter operative times [46].

Free transvers rectus abdominis myocutane-
ous flap

The main advantages of the free TRAM over the
pedicled TRAM are less disturbance of the rectus ab-
dominis muscle, more aesthetic inset of the transferred
tissue, and a more robust blood supply [47]. The free
TRAM flap represents a spectrum ranging from harvest
of the full width of the rectus muscle down to thin cuff
of muscle surrounding the vessels. In the muscle-
sparing O free TRAM flap, the lower rectus muscle
is transected. The muscle-sparing 1 free TRAM flap
leaves either a medial or lateral component behind,
whereas the muscle-sparing 2 free TRAM flap leaves
both medial and lateral fibers intact. Although the mi-
crovascular procedure is more technically demanding,
sparing more muscle and fascia minimizes risks of ab-
dominal morbidity [48, 49].

DIEP fiap

The DIEP flap is a true perforator flap that leaves
the rectus abdominis muscle intact. The DIEP flap has
variable vascular anatomy and requires microvascular
dissection; this makes the operation even more tech-
nically demanding and can further lengthen operative
time. Excellent aesthetic results combined with lower
abdominal wall morbidity with the DIEP flap have been
reported [50-52]. Significant functional differences
between the DIEP and muscle-sparing TRAM have not
been clearly demonstrated [48, 49]. However, DIEP flap
surgery has been associated with more complications,
such as fat necrosis or complete flap loss [53, 54].

The modification of the DIEP flap is superficial infe-
rior epigastric flap that is based on superficial vessels
(SIEA). This flap shares same lower skin island with
DIEP to create a breast mound. Preservation of the
anterior abdominal wall fascia is the major benefit
of this flap. The SIEA vessels can be quite small and
present different anatomic challenges for insetting
at the recipient area [55, 56].

Latissimus dorsi myocutaneous (LDM) flap

Despite the fact that the latissimus dorsi muscle
is the largest muscle in the body, itis quite thin (less than
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1 cm thick) and no significant donor functional deficit
results from the removal of the muscle. This flap is not
used for primary breast reconstruction because of the
lack of appropriate volume. It usually serves as a salvage
flap in cases of previous flap failure or exposedimplant/
expander [57]. Also LDM flap is useful for combination
with implant-based reconstruction. LDM flap can espe-
cially be utilized in patients who have inadequate soft
tissue coverage due to prior radiotherapy or nonviable
mastectomy skin flaps [58—-60]. The most recognized
complication of LDM flap harvest is donor-site seroma
formation. The LDM flap creates a donor site scar onthe
back [61].

Other flap choices

In patients who are not candidates for abdominal
flaps due to insufficient abdominal donor tissue, alter-
nate flaps can be used. These are the superior gluteal
artery perforator (SGAP) flap, inferior gluteal artery
perforator flap, transvers upper gracilis flap, lateral
thigh flap, and the Rubens flap [62-65]. Gluteal flaps
often lead to firmer, less pliable breast mound as a re-
sult of the innate quality of the skin and subcutaneous
tissue. Transvers upper gracilis flap of the inner thigh
is often limited in volume [66, 67]. However, a detailed
discussion of these is beyond the scope of this article.

COMPLICATIONS

Most of the complications of the flaps from
an abdominal donor site are wound-related. These
are simple infections, seromas, hematomas, and skin
flap necrosis and delayed wound healing of the donor
orrecipient site. Wound-related complication rates vary
from 30 to 50% in the largest series [68—70]. Ischemic
complications are fat necrosis or flap loss in free flap
reconstruction. A recent meta-analysis showed that
ischemic complications are higher in DIEP flaps when
compared with free TRAM flaps [71]. Total flap loss, oc-
curring 1to0 4%, is arare entity [69, 72]. Ischemic com-
plications of pedicled TRAM flaps can be reduced by the
delay procedure that can be performed 2 to 3 weeks
before surgery [73, 74].

The donor-site morbidity is mostly related with
abdominal wall weakness. Non-muscle-sparing TRAM
flaps appear to cause the largest decline in func-
tion [75]. Some studies have concluded that SIEA flap
reconstruction has significantly less donor site mor-
bidity and more patient satisfaction [76]. According
to the literature, abdominal weakness due to DIEP flap
reconstruction is between the TRAM reconstruction
and SIEA reconstruction [71]. Overall, cosmetic results
appear to be similar between all groups.

AUTOLOGOUS FAT GRAFTING

The transfer of autologous fat for breast recon-
struction has gained popularity [76, 77]. Czerny was
the first one, who used a large lipoma from the dorsal
flank for breast reconstruction, in 1895 [79, 80].

Techniques of structural fat grafting have been
standardized by Coleman and Khouri. This technique
has become the method used in breast reconstruc-
tion [77, 78]. The concept of structural fat grafting

is that, the fat must be inserted in small amounts
using multiple tunnels, in many layers and directions,
so that the largest possible number of adipocytes will
be in contact with host tissue to receive adequate
nutrition for their survival [77].

Although a number of studies on autologous fat
grafting for breast reconstruction have been published
with good results, fat grafting raises doubts with respect
to indication and safety in clinical practice [37, 38, 81].

The procedure is mainly used for partial breast
reconstruction and/or correction of breast deformi-
ties followed by total breast reconstruction with other
techniques. Also autologous fat grafting is used for
therapy for post radiotherapy radiodermatitis [82, 83].

The major concern aboutstructural fat grafting for
breast reconstruction was the potential risk of breast
cancer. However, this theorywas refutedin a recent study
[83]. Inareview, the rate of breast cancer recurrencewas
similar between those who had fat grafting to the breast
and those who did not receive fat grafting [84—-89].

THE EFFECT OF RADIOTHERAPY

IN AUTOLOGOUS RECONSTRUCTION

Although radiotherapy has been shown to decrease
the incidence of locoregional recurrence and has a sur-
vival advantage in patients with node-positive disease,
radiotherapy after mastectomy or breast reconstruc-
tion, regardless of the reconstruction method, increases
the incidence of postoperative complications [90, 911].

Implant-based reconstructions have higher rates
of delayed healing, capsular contracture, implant
malposition or extrusion, and infection, for those who
receive radiation before/after undergoing reconstruc-
tive surgery [92, 93]. Thus autologous tissue-based
reconstruction is indicated for these patients.

Although complications like fat necrosis, parenchy-
mal fibrosis, skin retraction and scarring have been re-
ported in those who underwent autologous reconstruc-
tion, autologous tissue-based reconstruction seems
to have a more favorable outcome in terms of morbidity
compared to implant-based reconstruction [94].
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