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Abstract
Breast cancer remains to be one of the most malignant diseases in the female population. It affects an essential
part of female self-consciousness, and therefore causes a wide range of psychological traumas. The incidence in
Europe and North America varies between 70 up to 100 new cases in 100.000 inhabitants per year. According to
contemporary literature, mastectomy remains one of the most effective methods in the laborious effort to treat
and overcome cancer. In this report the history of breast reconstruction is presented. The established methods
which are taken into consideration after mastectomy and their clinical outcome are portrayed. The authors propose
the free TRAM and DIEP flap as the methods of first choice after mastectomy, which offer most reliable transfer
and low morbidity. In the recent past, increasing interest is observed for the SIEA flap. The free S-GAP flap is
proposed for patients who are not candidates for a TRAM, DIEP or SIEA flap. Moreover, the pedicled Latissimus
Dorsi flap remains still as a reliable, versatile alternative, particularly in case of contraindications for the above
mentioned free flaps or when complications occurred. Hippokratia 2006; 10 (4): 153-162
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Introduction
Breast cancer remains to be one of the most malignant
diseases in the female population. In contrast to other
tumors, it affects an essential part of female selfconsciousness, and therefore causes a wide range of
psychological traumas. The incidence in Europe and
North America varies between 70 up to 100 new cases
in 100.000 inhabitants per year. According to statistics,
one out of nine women will suffer from breast cancer
in their lives1-3.
In the past, the diagnosis of breast cancer was
associated with a radical mastectomy. In 1894 Halsted
introduced this method as a standard treatment of
mammary carcinoma4. In the course of time, a spread
of highly mutilating operations was ascertained which
cancer victims had to undergo. Over the years, other
breast conserving methods were added. Today, in 7585% of all cases conservative surgery is preferred,
especially because most tumors could be reduced in
size by primary chemotherapy1. Breast-cancer-patients
treated with conservative surgery followed by postoperative
radiotherapy have nearly a similar prognosis to those
treated with mastectomy only, with a crude rate of local
recurrences of 23% vs. 24%5. The rate of local recurrences
in breast cancer after post-mastectomy irradiation was
only 4%. Therefore, many patients still receive mastectomy.

The first methods to reconstruct breasts after
amputation reach back to the early 19th century. In 1897
Iginio Tansini was the first who transferred the Latissimus
Dorsi muscle to cover chest wall defects that resulted
from breast amputation6. Eight decades later Olivari
rediscovered this method and covered radiation traumas
as well as ulcers by transfers of a Latissimus Dorsi
Myocutaneous Flap (LDMF)7.
Silicone implants for medical purpose were introduced
in 1953. In 1971, Cronin and Gerow carried out the first
attempts to reconstruct the shape of the female breast
after mastectomy by the application of implants8,9, which
were partly replaced when in 1982 the tissue-expandermethod began to achieve more successful results10.
Breast implants have aesthetic limitations, for example
the way the reconstructed breast drapes on the chest or
the possible loss of the inframammary fold by disruption
of the inframammary crease ligament11. Temporary tissue
expanders, introduced by Radovan, enable to form a
breast mound with a more natural appearance by expansion
of the remaining chest wall skin10. The expander is placed
almost subpectorally, or in rare cases subcutaneously,
and pumped up in 7-days intervals with normal saline.
When a volume larger than that of the permanent
prosthesis is achieved, it is replaced by a permanent
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implant in a second operation. Breast reconstruction
with tissue expanders allows creating larger breasts and
helps to avoid breast reduction on the healthy side. The
appearance of capsule formations is rare, if the expander
achieves a sufficient volume. The two-staged operation
requires a longer hospitalization and recovery time. At
least the surrounding of the implants always consists of
silicone, which leads to implant-related complications
like implant perforation, implant contracture, hematomas,
infections, geometrical asymmetry, sensory changes and
development of peri-implant capsules12, 13.
Increasing awareness of complications of silicone
breast implants generated high interest in reconstruction
based on autologous tissue. The choice of a particular
method and donor site depends on the final breast
volume, shape and softness, surgeon’s experience and
preference, as well as the patient’s considerations.
Breast reconstruction with autologous tissue
Herein, we intend to present solutions for breast
reconstruction based on autologous tissue, mentioning
advantages and disadvantages of each (Table 1).

Table 1. Well known flaps for breast reconstruction with autologous
tissue
LDMF (Latissimus Dorsi Myocutaneous Flap)
TRAM (Transverse Rectus Abdominis Myocutaneous Flap)
DIEP (Deep Inferior Epigastric Perforator Flap)
S-GAP (Superior Gluteal Artery Perforator Flap)
SIEA (Superficial Inferior Epifascial Artery Flap)
Omentum Flap
IGAM (Inferior Gluteal Artery Muscle Flap)
M. Gracilis Flap
Rubens’ Flap
TFL (Tensor Fasciae Latae Flap)
Thigh Flap

Free
X
X
X
X
X
X
X
X
X
X
X

Tissue transfer in breast reconstructive surgery can
also be performed in form of free flaps, in which blood
supply has to be reestablished by vascular microanastomosis
at the recipient site. The most popular and reliable free
flaps are the free Transverse Rectus Abdominis
Myocutaneous flap (free TRAM) and the free Deep
Inferior Epigastric Perforator flap (DIEP)18. Other free
flaps are taken from the gluteal region as the S-GAP
flap, from the thigh or the omentum16. Recent methods,
as the Superficial Inferior Epigastric Artery flap (SIEA),
provide sufficient blood-supply and minimize donor
site morbidity, since no fascia incision has to be performed19.
Latissimus Dorsi Myocutaneous Flap (LDMF)
The LDMF bases on the triangular-shaped Latissimus
Dorsi muscle20 and includes the skin and its fat tissue.
Two vascular systems supply the LDMF. The muscle
itself is supplied by the thoracodorsal vessels which
branch from the subscapular vessels distal to the
circumflex scapular vessels. The subscapular vessels
come from the axillar vessels. The flap’s blood supply
also arises from myocutaneous perforators which are
branches of the intercostal and lumbar vessels. For
breast reconstruction the LDMF is described either
as a pedicled or a free flap, however, mostly used as a
pedicled flap (Figure 1a and b).

Pedicled
X
X

X

The LDMF developed by Iginio Tansini in 18976
and used by Olivari in 1976 to cover irradiation ulceras7
was introduced by Mühlbauer and Olbrisch for breast
reconstruction in 197714. Since augmentation with the
LDMF creates smaller breasts, it is required to set
supplementary breast implants in some cases. In 1979,
Holmström reconstructed breasts using the free TRAM
flap, thus receiving more volume and sufficient blood
supply in the donor region15. His method asserted in
breast reconstructive surgery.
Among the possibilities for breast reconstruction
there is the transfer of tissue from adjacent regions to
the breast, keeping up the original blood supply (pedicled
flaps). Possible donor regions are the LDMF (from the
back) or the myocutaneous Rectus Abdominis flap (from
the abdominal wall), which has surpassed the LDMF
in the preferred adjustment due to the versatility and
large quantity of available tissue16, e.g. in thin patients17.

a

b

Figure 1a and b. a) Appearance of the breast after radical
mastectomy on the left side. b) Final result after breast reconstruction
on the left side using an LDMF and reconstruction of the nippleareola complex. Contralateral side was adapted to the reconstructed
one by reduction mammaplasty.

After an incision posterior to the lateral border of
the Latissimus Dorsi muscle in posterioinferior direction16,
the muscle is elevated, and the space between it and
the underlying serratus anterior muscle is enlarged by
blunt dissection. At the upper lateral edge of the muscle
the thoracodorsal vessels can be found. The branches
from the thoracodorsal muscle to the serratus anterior
muscle must be ligated. The circumflex scapular artery
must be carefully preserved. After ligating all branches
from the intercostals arteries, the whole muscle is
harvested off the back and pleated under the axilla,
passed through a tunnel between the two wound areas
and brought to the place of the mastectomy. Then the
flap is brought into position and the recipient area is
sutured (Figure 1a and b).
The LDMF is a very reliable and versatile method,

HIPPOKRATIA 2006, 10, 4

and thus, the workhorse for breast reconstruction. Often
it is performed on patients with previous abdominal
operations or contraindications for other free or pedicled
flaps. Possible complications are seroma and flap
necrosis21. The loss of the Latissimus Dorsi muscle in
the back, however, leads to deficits in extension and
adduction3. Mostly athletes, patients who use crutches
or wheelchair bounded are affected in terms of a faster
rate of fatigue during activities16. The LDMF is shown
disadvantageous due to the need of implants in cases
when greater breasts are desired, accompanied by the
risk of the development of all the above mentioned
implant-related complications12. An extended latissimus
dorsi myocutaneous (ELD-MC) flap with some amount
of surrounding subcutaneous fat from the lumbar area
can sometimes avoid the use of any implant. Additional
fat tissue can also be harvested subcutaneously at right
angle in continuity with the usual LDMF, imitating the
pattern of a lily flower, in French called “fleur de lis”22,
a technically simple method which permits improved
volume and projection in the inferior pole of the breast.
Transverse Myocutaneous Rectus Abdominis Flap (TRAM):
The skin island for the TRAM flap is taken out
between the umbilicus, pubic region and from the front
of the iliac bone16. Skin and fat tissue are supplied by
perforators through the rectus abdominis muscle. The
muscle has a dual blood supply, i.e. the deep, superior
and inferior epigastric vessels. The TRAM flap can be
performed as well in a free microvascular as in a pedicled
form. In the pedicled form, the caudal muscle part is
detached. Still left connected to the rest of the muscle,
the flap is then placed upwards to the mastectomy site.
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as recipients. Although just a small part of the muscle
is taken out with the perforators of the inferior epigastric
vessels, an optimal vascularity of the tissue is guaranteed23.
The abdominal fault is reconstructed by fascial duplication
of the rectus abdominis muscle sheath, as well as by
epifascial decrease at the abdominal wall cranial of the
umbilicus, in accordance with an abdominoplasty19
(Figure 2, 3, 4a and b).

Figure 3. Same patient as in figure 2 after breast reconstruction
with a free TRAM flap.

a

Figure 2. Example of postmastectomy appearance of the breast.

As a free microvascular flap the TRAM flap is
harvested with a small cuff of the rectus abdominis
muscle and brought to the mastectomy site. The blood
supply is reestablished by microsurgical anastomosis
between the pedicle of the deep inferior epigastric
vessels and the vessels from the breast area. Normally,
the thoracodorsal or internal thoracic vessels are chosen

b
Figure 4. a) Postoperative appearance after unilateral reconstruction
with free TRAM flap and reconstruction of the nipple areola
complex. b) Postoperative appearance of donor region.
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a

b
Figure 5. a) Preoperative views after bilateral mastectomy. b) The appearance of the breast after bilateral reconstruction with free
TRAM flaps and reconstruction of the nipple areola complex. [Reproduced with the permission of Annals of Plastic Surgery: Kovacs
L, et al: Clinical Outcome and Patients_ Satisfaction after Simultaneous bilateral Breast Reconstruction with free Transverse Rectus
Abdominis Muscle (TRAM) flap. Ann Plast Surg 2004; 53(3):199-204].

Breast reconstruction with free or pedicled TRAM
flaps has shown excellent results and has become the
method of choice in breast reconstruction with autologous
tissue. Compared to the pedicled TRAM flap,
reconstruction of breasts with the free TRAM flap
offers a lower complication rate at the mastectomy site,
and a low donor site morbidity rate24. Pedicled and free
TRAM flaps allow a more reliable transfer of large
tissue, and thus, reconstruction of larger breasts than
with LDMF flaps (Figure 2, 3, 4a and b), and simultaneous
bilateral reconstruction (Figure 5a and b). The pedicled
and free TRAM flap is similar to the natural breast in
softness and in the way the tissue drapes on the chest25
(Figure 3, 4a, 5b). The major disadvantages of breast
reconstructions with TRAM flaps in general are a
relatively long operative time and thus the need of blood
transfusions. Thus, the operation itself can unmask a
cardiopulmonal disease, which will even be more

important in obese patients26. In the past, there were
concerns that abdominal liposuction could destroy
the musculocutaneous perforator vessels and thus
make them inapplicable for a TRAM flap. Though,
several studies show successfully performed breast
reconstructions with TRAM flaps in patients with
history of abdominal liposuction27, 28, if the perforators
are not disrupted. Similarly, the DIEP flap is also
taken into consideration after cosmetic procedures of
the abdomen 29. The TRAM flap is not proper for
patients who consider to birth children because of the
diminished compliance of the abdominal wall. The
lack of abdominal tissue in very thin patients is another
contraindication for the TRAM flap19.
After breast reconstruction with a TRAM flap, the
development of herniation as well as of defects in the
harvested region has to be taken into consideration.
The incidence of epigastric fullness, upper bulge, lower
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bulge, and hernia is higher in women who had a pedicled
TRAM flap in comparison to those who got a free
TRAM operation30, 31. On the other hand, postoperative
abdominal strength, as measured by the ability do situps, is influenced significantly by the type of TRAM
flap (pedicled or free TRAM flap) and the number of
muscle pedicles harvested32. Patients reconstructed with
a free TRAM are more likely to be able to do sit-ups
(58.3%) than were those with a pedicled TRAM (38.2%).
Patients, who had only one muscle pedicle used, are
more likely to be able to do sit-ups (61.7%) than were
those, who had more pedicles used (35.6%). The risk
of subsequent hernia formation can be minimised, if
the anterior rectus sheath is repaired by a patch after
harvesting33.
A method to reduce donor site morbidity is the
muscle-sparing free TRAM (MS-2)18, 23. Taken out with
just a small plug of muscle, it maintains the vascularity,
innervation and continuity of the rectus abdominis
muscle and offers minimal function loss23, 34.
Deep Inferior Epigastric Perforator Flap (DIEP)
In 1994, Allen and Treece proposed the free DIEP
flap for autologous tissue reconstruction35. Perforator
flaps base on abdominal fat and skin, and on one to
three musculocutaneous perforators, which supply the
soft tissue of the skin paddle through the muscle, in case
of the DIEP flap through the rectus abdominis muscle.
The DIEP flap requires at least one large perforator or
two substantial perforators in the lateral row to survive36.
Its perforators originate from the deep inferior epigastric
vessels. The muscle is dissected to gain access to the
main vascular pedicle, but not sacrificed by harvesting
the flap. This affords a long vascular pedicle, which
directly enters the skin paddle. As a versatile alternative
to the traditional free TRAM flap and LDMF, the DIEP
flap offers the preservation of the rectus abdominis
muscle and its anterior rectus sheath, thus reducing
abdominal morbidity such as hernia, weakness and bulge
(0.7%)37. Hamdi et al. have shown a complete return of
lower rectus function with the free DIEP flap after only
3 months 38. Additionally, the DIEP flap offers a
reconstructive method applicable to bilateral
reconstructions. Finally, recovery is quicker and hospital
stay is reduced in comparison to TRAM flaps39.
As to TRAM flap, the DIEP flap is only a relative
contraindication for patients with a lack of abdominal
tissue and patients with a prior liposuction of the
abdomen or other previous abdominal surgery28, 29.
Disadvantages of the flap are a longer operative time
due to a more meticulous dissection than in free TRAM
flap operations18. The fact that the DIEP flap bases on
only up to three perforators might be disadvantageous
for the flap’s blood supply in comparison to the TRAM40.
Diffuse venous insufficiency appears more often in
DIEP than in TRAM flaps and requires a microvascular
anastomosis to drain the superficial inferior epigastric
vein. Consequently, preoperative planning remains of
high importance.
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Superior Gluteal Artery Perforator Flap (S-GAP)
In 1975, Fujino first described the superior gluteal
myocutaneous free flap for breast reconstruction41. The
flap extends from the trochanter major of the femur to
the posterior superior iliac spine. The skin island is
taken out with the superior gluteal vessels which emerge
in the upper third. These vessels are dissected through
the retracted gluteus maximus muscle. Most superior
gluteal flaps are performed on patients with
contraindications for a TRAM or DIEP flap, i.e. prior
abdominal liposuction or other previous abdominal
surgery that has damaged or interrupted the blood
supply to the TRAM or DIEP flap28, obesity42, and
patients with a lack of tissue in the lower abdominal
area 19. The S-GAP causes minimal donor muscle
morbidity. The scar is inconspicious and the donor site
can be primarily closed43, and there is no violation of
the abdominal wall, eliminating the possibility of
postoperative bulges or hernias. Thus, it is performed
on patients who consider getting pregnant44. A transfer
of bilateral S-GAP flaps can be offered to patients who
desire a one-stage bilateral breast reconstruction with
highly esthetic results and acceptable overall morbidity45.
In case of a short pedicle, the use of thoracodorsal
vessels as recipient vessels leads to either excess lateral
fullness or inadequate medial fullness46. These problems
may be avoided using the internal mammary vessels
instead. A sufficient pedicle length can be obtained by
resecting the third costal cartilage. Although the scar
can be positioned in the bikini line, often a contour
deformity results, which can be disfiguring. Also,
asymmetry remains a possible complication that should
require subsequent refinements when one-side
reconstruction is performed.
Superficial Inferior Epigastric Artery Flap (SIEA-flap)
The procedure is similar to the DIEP flap, but with
different arterial supply and venous drainage47. The
SIEA flap relies on superficial inferior epigastric vessels
just below the skin surface. Thus, unlike the DIEP flap,
the harvest of the SIEA flap does not injure the anterior
rectus abdominis fascia or the muscle36, providing a
minimization of donor site morbidity such as bulge and
hernia formation. Nonetheless, the SIEA carries the
same volume, texture and colour of tissue as the free
TRAM or DIEP flap48.
On that account, the SIEA flap is of increasing
importance in many centers. Disadvantages are the
smaller pedicle diameter and shorter pedicle length
than in TRAM and DIEP flap. Unlike the internal
mammary vessels, the pedicle length and size may be
insufficient when the subscapular vascular axis is selected
as the recipient, making the use of vein grafts mandatory48,
49
. A lot of patients are not candidates for SIEA flaps
because of the inconsistent vascular pedicle anatomy,
small pedicle diameter and the short pedicle length
(about 7cm)36, resulting in an inadequacy of the arterial
pedicle. About 70% of the patients have suitable
superficial blood vessels for this operation 47. Pre-
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operatively, an exact examination of the abdominal
vessels is obligatory to determine, if the patient complies
the requirements for an SIEA flap or not. However, if
unsuitable perforators are noticed no more than during
the operation, the SIEA can be converted into a TRAM
or DIEP flap.
Omentum flap
The omentum flap is available as a pedicle or a free
flap and is mostly of historical relevance. The omentum
can be transferred to a subcutaneous position where
an omental skin flap can be prefabricated. Free tissue
transfer is performed by using the gastroepiploic vessels
for microanastomosis50.
Other flaps
For the sake of completeness one should name the
Inferior Gluteal Artery Muscle flap (IGAM)51, the M.
gracilis-52, the Rubens-53, the Tensor fasciae latae (TFL)
and the Thigh flap54, 55, which are being used under
special circumstances or are of historical relevance.
Refinements in breast reconstruction
In most cases secondary procedures in breast
reconstructive surgery are needed, aiming to an as close
as possible natural appearance. In our department
following algorithm for refinements after breast
reconstruction is used56 (Table 2).

Table 2. Algorithmn for refinements after breast reconstruction
6 month after
reconstruction

Achievement of symmetry by surgery
of the healthy side or by flap reduction.

3 to 6 month after
achievement of symmetry

Nipple reconstruction by local flap plasty
or nipple sharing of the other side.

4 to 6 weeks after
nipple reconstruction

Areola tattoo, which may be repeated
6 to 8 weeks later.

The reconstruction of greater breasts requires a
more demanding approach due to the difficulty to form
a breast with the same mass as the healthy one. In most
cases the reduction of the healthy breast side is performed
to achieve symmetry. Because breasts get their final
form approximately 3 to 6 months after surgery, it is
mostly convenient to perform these procedures afterwards.
Rarely, the flap has to be reduced or the shape of
the reconstructed breast has to be corrected. It is of
prime importance to control and keep up the blood
supply of the flap. Therefore it is recommendable to
carry out such correcting operations not earlier than 3
months - or better 6 months after the previous operation.
After symmetry is achieved, the nipple has to be
reconstructed. Several methods are applicable, e.g. the
tristar-flap, providing just small defects in the donor
region56, or sharing a part of a large controlateral nipple
with the reconstructed breast. That yields good results,
since shared nipples do not tend to shrink, contrary to
local flap plasty.

At last, the reconstruction of the areola is performed
after 4 to 6 weeks. Earlier, grafts were used from the
groin or the pudendal lips, causing painful donor site
defects and the impossibility to influence the final color.
Today it is possible to shape position, form and color
of areola by tattoo (Fig. 4a & 5b).
Refinements are of great importance for achieving
a satisfactory aesthetic result and the completeness of
breast reconstruction. The highest subjective satisfaction
scores were described to be given to the natural appearance
i.e. the color, shape and mobility of the reconstructed
breast, the lowest to sensibility and the scar at the donor
site24. Secondary interventions, however, give a result
more compatible with the natural female appearance,
and thus help to increase the patients’ satisfaction.
Discussion
The main aim in breast reconstruction is to create
a breast, which offers softness, symmetry, sensibility,
aesthetically acceptable scars, as well as texture and
color similar to the healthy side. The optimal method
should offer a result that makes the patient feel as
natural as possible. It should be safe, reliable, and
accompanied by little donor-site morbidity. By achieving
an acceptable appearance, reconstruction of the breast
should improve the patients’ quality of life and offer
no subsequent health risk24, 25. Because of the patients’
different ideas as to their own physical appearance, a
suitable reconstruction method with the possibility for
individual adjustment is required. Increasing awareness
of implant-related complications generated high interest
in breast reconstruction with autologous tissue12, 57-61.
Before performing breast reconstruction, some
important factors have to be considered, which require
clarification for avoidance of postoperative complications.
These are smoking62, obesity63, postoperative irradiation64,
the stage and the location of cancer, the patients’ age
and her expectations. Breast reconstruction with free
flaps as the free TRAM flap in smokers is not associated
with a significant increase of the rates of vessel thrombosis,
flap loss or fat necrosis compared with nonsmokers62.
However, smokers are at significantly higher risk for
mastectomy skin flap necrosis, abdominal flap necrosis,
and hernia. Smoking-related complications can be
reduced when patients stop smoking at least 4 weeks
before reconstruction. The majority of overweight
patients who undertake breast reconstruction with free
TRAM flaps complete the reconstruction successfully63.
Nevertheless, obese patients have a significantly higher
rate of flap complications (i.e. flap loss, seroma, necrosis
etc.) and donor-site complications (i.e. infection, seroma,
hernia etc.). Postmastectomy irradiation does not
significantly affect the rate of partial or total free-flap
loss65. The over-all complication rate in the reconstructed
breast is higher in irradiated patients than in nonirradiated (39% vs. 25%) and the aesthetic outcome is
also slightly poorer. Thus, irradiated patients should
consider a delayed reconstruction.
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In the past, several studies tried to evaluate the
quality of operations, the patients’ satisfaction and
quality of life after reconstruction24, 25, 66, 67. The fact that
surgical results are difficult to be recognized on the
base of quantitative figures led to several studies trying
to evaluate the patients’ quality of life by using
questionnaires or patients’ long-term observations.
Long-term outcomes of the most applied reconstructive
methods - free TRAM flap and expander/implant - did
not show any significant differences in the quality of
life between patients, who had received breast
reconstruction, and healthy women25. However, women
with TRAM-based reconstructed breasts achieved an
improvement of their quality of life. Naturally, the
evaluation regarding the quality of life and the potential
improvement after a mastectomy depends on women’s
expectation24, 25. Patients’ unrealistic expectations like
keeping in mind the breast they had before and
disregarding the limitations of surgery may influence
their satisfaction.
Another parameter to evaluate the success of
reconstructive procedures is the screening of symmetry
of the breasts. Sometimes symmetry is obtained by a
single procedure. In contrast to implant-based
reconstructions, secondary procedures as reduction
mammaplasty, mastopexy etc. are often required in
reconstructions using autologous tissue68. The role of
three-dimensional photography is getting increasingly
important for discerning accurate symmetry68-70.
The priority in each breast reconstruction must be
the preservation of the patients’ health and quality of
life. All the procedures should consider the needs and
expectations of the individual patient and their effects
on the patient’s lifestyle. The LDMF is one of the most
reliable and versatile reconstructive methods and still
the method of first choice when free flaps are
contraindicated or when complications occured17 (Figure
1a and b). However, the LDMF is hitting its bounds of
possibilities in reconstructing larger breasts and has to
be combined with implants to achieve enough volume.
This increases the risk of above mentioned implantrelated complications and makes the breast feel different
from the healthy side. The use of any implant can
eventually be avoided by an ELD-MC flap12, 71 or the
harvest of adjacent subcutaneous fat by an LDMF with
fleur-de-lis-pattern22.
TRAM and DIEP flaps are good alternatives for
patients who are unsuitable for implants or who have
failed such an operation72, 73. Even in case of reconstructing
a large breast, the TRAM or the DIEP flap can create
a ptotic, soft and symmetrical breast mound with a more
naturally looking inframammay fold (Figure 3, 4a, 5b)
in comparison to a breast reconstructed with an implant18,25.
The reconstructed breast drapes similarly to the natural
one on the chest and the flap shows a satisfactory long
term result16, 25, 64. Besides, the abdominal fault is corrected
in accordance with an abdominoplasty within a TRAM
or DIEP procedure (Figure 4b). Intraoperatively, patients
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need not to be turned around in TRAM or DIEP
reconstructions, as in LDMF or S-GAP flap operations,
thus making bilateral reconstructions easier without
loosing precious time 24.
The TRAM flap can be performed as a pedicled or
a free flap. Compared to the pedicled TRAM flap,
reconstruction of breasts with the free TRAM flap
offers a lower complication rate24. However, the free
TRAM flap provides a better blood supply and survival
rate of the reconstructed breast than the free DIEP
flap18, 74 which bases on only up to 3 perforators35. In
contrast, the free TRAM flap is harvested with a small
cuff of the rectus abdominis muscle16, which includes
almost all the perforators and offers excellent vascularity.
This results in a secure flap transfer, and therefore, in
higher patient’s satisfaction25. Both methods require
high microsurgical experience and standards, and thus
longer operative times than LDMF flap operations.
The DIEP flap requires a more meticulous technique
and longer operative time in comparison to the TRAM
flap. A higher incidence of fat necrosis and venous
congestion than in TRAM flaps, which can lead to total
flap loss, threatens the DIEP flap’s survival40, 74. The
benefits of DIEP flaps regard the abdominal wall,
because no muscle is taken out when the flap is harvested.
Of course the muscle is dissected to gain access to the
perforators and the pedicle, but both, the muscle and
the anterior rectus sheath are completely preserved35,74.
Thus, the abdominal morbidity such as hernia, weakness
or bulge is reduced, compared to the TRAM flap, and
a complete return of the lower rectus function after
only 3 months can be achieved37-39. Consequently, the
DIEP flap is highly indicated for bilateral reconstruction.
Our investigations led to the result that reconstructions
with free TRAM and DIEP flap are the methods of
choice. The selection of the free TRAM or DIEP flap
should be made on the basis of the patient’s weight,
amount of abdominal fat, required breast volume, the
patient’s vascular anatomy, i.e. the number, diameter
and location of the perforating vessels, and the surgeon’s
experience74. These methods require high microsurgical
skills and standards, and thus, long operative times.
In case the free TRAM or the DIEP flap is not
applicable, the S-GAP flap can be recommended. Most
S-GAP flaps are performed on patients who have relative
contraindications for a TRAM flap, i.e. a prior liposuction
of the abdomen, or other procedures which could have
damaged or interrupted the blood supply to the free
TRAM or DIEP flap28. Therefore, the evaluation of the
abdominal perforator status (pre-operative duplex scan
examination) is very important in the planning of TRAM
or DIEP flap. Other contraindications are scars in the
abdominal area, obesity that may unmask cardiopulmonal
diseases due to the long operative times19, 42, and little
tissue in the lower abdominal area41. Due to the diminished
compliance of the abdominal wall after a TRAM or
DIEP operation, the patient’s wish to birth more children
might be a further contraindication44.
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A method of recent interest is the SIEA flap that
is harvested with minimal donor site morbidity and
offers similar aesthetic results as TRAM and DIEP
flap. Its harvest does not injure the anterior rectus
abdominis fascia and the underlying rectus abdominis
muscle36, because it relies on the superficial inferior
epigastric vessels just below the skin. That is why the
SIEA flap provides sufficient blood-supply as well as
minimization of donor site morbidity, such as bulge
and hernia formation47. Regrettably, many patients have
inadequate arterial pedicles36. In case of unsuitable
perforators however, the SIEA can be converted into
a TRAM or DIEP flap intraoperatively.
The remaining methods mentioned are being used
under special circumstances or are of historical significance
only (Omentum-flap)16, 50-55.
We propose the free TRAM, DIEP- and SIEA flap
as the methods of first choice after mastectomy, which
offer most reliable transfer and low morbidity, depending
on surgeon’s microsurgical experience and patients’
conditions. The free S-GAP flap is proposed for patients
who are not candidates for a free TRAM, DIEP and
SIEA flap or failed the TRAM, DIEP or SIEA operation.
Moreover, the LDMF remains still as a reliable and
versatile method, particularly in case of contraindications
of the above mentioned free flaps or when complications
occurred (Table 3).

Table 3. Algorithm for the usage of autologous tissue in breast
reconstruction

Within the bounds of breast reconstruction all the
above mentioned interventions are very important
for the affected women’s satisfaction24, 25. Regardless
of the method preferred, surgeons and patients have
to consider refinements after the operation, if
complications or non-satisfying results occur. Three
to six months after the operation, the reconstructed
breast can be adapted to the other side with the help
of secondary interventions and thus induce patients
to appreciate their own appearance and become more
self-confident56. In that way a result more compatible
with the natural female appearance can be achieved.
This helps to take away women’s feeling of mutilation
after mastectomy, and thus, to rebuild their selfconfidence and make them live without feeling a loss
of their femininity.
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