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Surgical Techniques for Personalized Oncoplastic Surgery in Breast Cancer
Patients with Small- to Moderate-Sized Breasts (Part 2): Volume Replacement
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Oncoplastic breast surgery has become a popular choice of
treatment for breast reconstruction after mastectomy. There are
two different techniques in oncoplastic surgery depending on the
volume of the excised breast tissue. One is the volume displace-
ment procedure, which combines resection with a variety of dif-
ferent breast-reshaping and breast-reduction techniques; the
other is the volume replacement procedure in which the volume
of excised breast tissue is replaced with autologous tissue. In
this study, current authors performed various volume replace-
ment techniques based on the weight of the excised tumor and
its margin of resection. We used a latissimus dorsi myocutane-
ous flap for cases in which the resection mass was greater than
150 g, and for cases in which the resection mass was less than
150 g, we used a regional flap, such as a lateral thoracodorsal

flap, a thoracoepigastric flap, or perforator flaps, such as an inter-
costal artery perforator flap or a thoracodorsal artery perforator
flap. In the patients with small to moderate-sized breasts, when a
postoperative deformity is expected due to a large-volume tumor
resection, the replacement of non-breast tissue is required. Many
of whom have small breasts, oncoplastic volume replacement
techniques in breast-conserving surgery allow an extensive tumor
excision without concern of compromising the cosmetic outcome
and can be reliable and useful techniques with satisfactory aes-
thetic results.
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INTRODUCTION

Oncoplastic breast surgery has become a popular choice for
breast reconstruction after mastectomy. It is a plastic surgical
procedure in which the breast is redesigned using the residual
or the adjacent breast tissue following excision of the breast
cancer. Two different oncoplastic surgery techniques exist,
and the choice of which technique to use depends on the vol-
ume of the excised breast tissue. One is the volume displace-
ment procedure, which combines resection with a variety of
different breast-reshaping and breast-reduction techniques;
the other is the volume replacement procedure in which the
volume of excised breast tissue is replaced with autologous tis-
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sue [1]. According to the volume replacement technique, when
there is an insufficient volume of remaining breast tissue to
perform a reconstruction, autologous tissues are imported
and used as tissue flaps. These procedures can retain the vol-
ume and shape of the breast and avoid contralateral breast
surgery. However, these techniques can be more complex and
require a donor site and increased recovery time following au-
tologous tissue harvesting [2].

In this study, current authors provide a comprehensive and
detailed overview of various volume replacement techniques,
including an adipofascial flap, a lateral thoracodorsal flap, a
thoracoepigastric flap, an intercostal artery perforator (ICAP)
flap, a thoracodorsal artery perforator (TDAP) flap, and a la-
tissimus dorsi (LD) myocutaneous flap, for partial breast re-
construction in patients with small- to moderate-sized breasts.

GENERAL PRINCIPLES

The selection of the appropriate technique

To select the proper oncoplastic procedure, it is important
to consider multiple factors including breast size/ptosis, excised
volume and the location of the breast tumor. As demonstrated
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in a Caucasian population, for cases in which the breast size is
relatively large, the amount of residual tissue following tumor
excision is sufficient. Therefore, satisfactory cosmetic outcomes
can be obtained by glandular reshaping and reduction mam-
moplasty as described in part 1. For cases in which the breast
size is relatively small, as demonstrated in an Asian population,
volume displacement techniques can also be performed after
the removal of a small-sized defect. However, for cases in which
the area of the defect is considered to be larger than moderate,
satisfactory cosmetic outcomes only can be obtained so long
as the defect area should be restored using a volume replace-
ment procedure with adjacent tissue flaps [3].

In the present study, the proper technique was primarily se-
lected according to the excised volume of the breast. The cur-
rent authors performed various volume replacement techniques
based on the weight of the excised tumor and its margin of re-
section. We used a LD myocutaneous flap for cases in which
the resection mass was greater than 150 g, and for cases in
which the resection mass was less than 150 g, we used a re-
gional flap, such as a lateral thoracodorsal flap, a thoracoepi-
gastric flap, or perforator flaps, such as an ICAP flap or TDAP
flap (Figure 1). When the partial mastectomy defect is signifi-
cant with minimal residual breast tissue, a decision is required
regarding whether to complete the mastectomy and perform
total breast reconstruction, for both cosmetic and oncological
reasons [4]. The location of the tumor is an important factor
involved in selecting the appropriate oncoplastic procedure.
The LD myocutaneous flap technique is commonly used for
lateral and central defects, even for medial defects. The thora-
codorsal perforator flap can be easily used for defects in the
lateral and central regions of the breast. The lateral intercostal
perforator flap is an alternative choice for lateral and inferior
breast defects. The anterior ICAP flap and the thoracoepigas-
tric flap are appropriate for close defects that extend across the

[ Small to moderate-sized breasts }

[ Small defect J { Moderate defect (<150 g) ] {Large defect (> 150 g)}

Volume displacement | | Volume replacement

Volume replacement
LD flap
Lateral thoracodorsal flap

Adipofascial flap
Thoracoepigastric flap
ICAP flap

TDAP flap

Figure 1. This figure shows an algorithm of partial breast reconstruction
with oncoplastic techniques in small- to moderate-sized breasts.

ICAP =intercostal artery perforator; TDAP =thoracodorsal artery perfo-
rator; LD =latissimus dorsi.
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inferior or medial quadrants of the breast [4,5].

Timing and preoperative planning

Volume replacement procedures can be implemented for
immediate or delayed reconstruction. Benefits of immediate
reconstruction include the avoidance of scar formation, radia-
tion change in the breast, a second operation and the provi-
sion of superior aesthetic outcomes with fewer complications.
However, there is a possibility that the final pathology report
will show a positive margin and the local recurrence of malig-
nancy. In those patients who are indicated for immediate par-
tial reconstruction, it is important to reduce the incidence of
positive margins, which can be done through the careful se-
lection of patients. To select the appropriate volume replace-
ment procedure, tumor size, location, and nodal status should
be considered. When immediate reconstruction is performed,
preoperative and intraoperative assessment of margins radio-
graphically, macroscopically, cytologically, and pathologically
should be performed. During the preoperative workup, digital
mammography, breast ultrasound and breast magnetic reso-
nance imaging should be performed and a marking (drawing)
on the skin and parenchyma of the breast to identify the region
to be excised should be made after enough discussion with the
radiologist, breast surgeon and plastic surgeon. Then, the de-
cision of the optimal surgical method is made, and breast sur-
gery proceeds by the breast surgeon and the plastic surgeon
[4,6-8].

OPERATIVE TECHNIQUES

Before surgery, we marked the cancer location, inframam-
mary fold, and flap design with patients in the standing posi-
tion. Under general anesthesia, all patients had undergone wide
local excision with a safety margin of at least 1-2 cm; the skin
overlying the tumor was excised only if it was included in the
safety margin, such as for a superficial tumor location or if re-
cent excisional or incisional biopsy was performed. Subse-
quently, axillary dissection is performed. The intraoperative
specimen was routinely sent to the histopathology department
after appropriate labeling to assess the margins by frozen sec-
tion. Further excision of the concerning margin was performed.

Adipofascial flap

The adipofascial flap can be harvested from the area below
the inframammary fold or the thoracodorsal area. After wide
local excision, the skin of the desired area is dissected through
subcutaneous fat to a depth of 3 or 4 mm. After sufficient dis-
section, the subcutaneous fat and anterior sheath of the rectus
abdominis muscle, or fascia of the LD muscle, is cut semicir-
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Figure 2. A 43-year-old woman with invasive ductal carcinoma in left lower outer breast. (A) Preoperative view. (B, C) Intraoperative views of elevation
and insetting of adipofascial flap after partial mastectomy. (D) 3-month postoperative outcome.

cularly around the intended area. Harvesting the fascia with
the adipofascial flap makes the harvested flap firm. If the vol-
ume of the elevated flap is insufficient, we can get the addi-
tional volume by including muscles underlying the adipofas-
cial flap. The elevated flap is gathered at the site of the breast
tissue defect to reconstruct the breast mound and is fixed to
the chest wall. After modeling the breast mound with the adi-
pofascial flap, the skin is sutured, and a negative pressure
drain is placed in the dissected area (Figure 2) [9].

This flap is useful for patients who have sufficient subcuta-
neous tissue at the inframammary region or thoracodorsal
area and whose contralateral breast is not too large. Even if the
patient is not obese, this flap can easily be used to reconstruct
defects in the lower or lateral quadrant of the breast [10].

Lateral thoracodorsal flap

The lateral thoracodorsal flap is a wedge-shaped transposi-
tion flap. The axis of the flap is located in the lateral extension
of the inframammary fold. The superior border of the flap be-
gins just medial to the anterior axillary fold and extends later-
ally. The inferior border is curved; thus, it begins a few centi-
meters lateral to the superior border. It is important to deter-
mine the available amount of skin and the subcutaneous fat
tissue in the lateral thoracic region, which can be measured by
pinching the skin and soft tissue between the thumb and the
index finger without transferring tension to the mammary re-
gion. The skin, fat and the fascia of the LD and serratus ante-
rior muscles are included in the flap. When raising the flap,
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care should be taken to include the underlying fascias of the
LD and the anterior serratus muscles. This fascia provides via-
bility to the flap because the flap vascular supply is derived from
the lateral intercostal perforators, and the muscular fascia and
the lateral perforators from the sixth and seventh intercostal
arteries are severed in the dissection. The flap is rotated to the
breast defect, and the donor site is closed primarily. The scar
of the donor site is located on the patientss back, which can be
concealed by the brassiere strap (Figure 3) [11].

This flap provides excellent skin and tissue matching to the
native breast, minimal donor site morbidity, and no sacrifice
of muscle. However, in patients who have previous surgery to
the lateral chest wall, the posterolateral thoracotomy is contra-
indicated [12].

Thoracoepigastric flap

The upper margin of the flap is drawn at the inframammary
fold through a previously designed faint line. Considering the
pedicle (based on perforators originating from the superior
epigastric artery and veins through the rectus abdominis mus-
cle) of this flap, we draw the lower margin of this flap. A Dop-
pler assessment prior to operation is useful to detect perfora-
tors at the presumed flap base [13]. The length of the flap is
estimated according to the resection site and the resected vol-
ume. The flap consisting of skin and subcutaneous fat is raised
from the underlying muscles. In raising the flap around the
pedicle, care should be taken to spare the perforators. Between
the defect site of the breast and the raised flap, the supramus-
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Figure 3. A 51-year-old woman with invasive ductal carcinoma in left upper outer breast. (A) Preoperative view. (B) Intraoperative view of designed lat-
eral thoracodorsal flap after partial mastectomy. (C) Intraoperative view of the elevated flap. (D) 24-month postoperative outcome.

Figure 4. A 60-year-old woman with invasive ductal carcinoma in right upper outer breast. (A) Preoperative view. (B) Intraoperative view of designed
thoracoepigastric flap after partial mastectomy. (C) Intraoperative view of the inset flap. (D) 20-month postoperative outcome.

cular tunnel is created. The portion of the flap that will be po-
sitioned under the tunnel is de-epithelized, and the flap is trans-
posed to the defect site through the tunnel. This flap can be
used either partially or completely de-epithelized according to
the defect site. Due to an abundance of skin and subcutaneous
tissue under the breast, the primary suture can usually be per-
formed for the donor site of a flap. The scar can be concealed
because it is often located on the inframammary folds. Nega-
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tive pressure drains are inserted into the donor site, axillary
region and breast parenchyma (Figure 4).

This flap can be used to reconstruct defects in the lower
quadrant of the breast. By extending the incision of the flap
laterally, the upper quadrant of the breast can be reconstruct-
ed. If the flap is too long, however, vascular compromise can
occur. Patients who have sufficient skin and tissue in the up-
per abdomen, especially older-aged patients, are well adapted
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Figure 5. A 39-year-old woman with invasive ductal carcinoma in right upper outer breast. (A) Preoperative view. (B, C) Intraoperative views of elevat-
ed intercostal artery perforator flap after partial mastectomy. (D) 13-month postoperative outcome.

for this procedure. However, this procedure is contraindicated
in patients who have a scar as a result of previous surgery in
the ipsilateral upper abdomen because of the possibility of the
pedicle damage [14].

ICAP flap

This flap can be classified according to the pedicles, perfora-
tors arising from the costal segment on the lateral aspect of
the thorax (lateral ICAP) or perforators from the muscular
segment (anterior ICAP) [15]. Regarding the lateral region,
the perforators are usually located between 3 and 4.5 cm from
the anterior border of the LD muscle (sixth and seventh inter-
costal spaces). Regarding the medial region, the perforators
are usually located within 1-4 cm lateral to the sternal border.
Dissection of pedicles is important for tumors especially in
the lower quadrants, where a wide dissection below or lateral
to the inframammary sulcus may endanger flap vasculariza-
tion. The incision is carried down to the serratus anterior and
LD muscles in the lateral ICAP flap or to the pectoralis muscle
or the rectus abdominis muscle in the anterior ICAP flap. The
perforators are dissected toward the anterior intercostal (later-
al/anterior ICAP) or the internal mammary vessels (anterior
ICAP) and are preserved. The skin and the subcutaneous fat
are dissected in a subfascial plane. Depending on the defect,
the flap is partially or completely de-epithelialized, and the su-
pramuscular tunnel is created between the recipient site and
the defect. The flap is folded or tailored to fill the defect. A
negative pressure drain is placed, and the donor site is closed
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primarily (Figure 5).

This flap may be applied as a turnover flap to augment defi-
ciencies of the lower pole of the breast. The flap axis is drawn
along the inframammary sulcus so that the resulting scar may
be hidden under the brassiere strap. The skin texture of the
ICAP flap and the native breast is similar. Moreover, the later-
al ICAP flap dissection does not compromise the thoracodor-
sal vessels [2].

TDAP flap

The TDAP flap is supplied by perforating vessels from the
thoracodorsal artery, providing the advantage of preserving
the LD muscle [16]. The thoracodorsal artery originates from
the subscapular artery and descends along the lateral and deep
surface of the LD muscle. The thoracodorsal artery provides
the serratus branch and perforators, which supply the overly-
ing skin of the lateral chest wall. Thus, a large skin paddle can
be designed over these perforators. The flap is elevated at the
level of the latissimus fascia. When an appropriate perforating
vessel is selected, the dissection is continued through the LD
muscle until reaching the thoracodorsal artery and vein. The
dissection can be continued superiorly toward the axillary
vessels when a longer pedicle and a greater arc of rotation are
needed. A tunnel between the anterior edge of the LD muscle
and the defect is created through which to pass the flap. The
flap is then placed in the defect of the breast (Figure 6) [12].

This flap spares the LD muscle and can reduce the occur-
rence of postoperative complications at the donor sites, such
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Figure 6. A 59-year-old woman with invasive ductal carcinoma in left central breast. (A) Preoperative view. (B) Intraoperative view of designed thora-
codorsal artery perforator flap after partial mastectomy. (C) Intraoperative view of the elevated flap. (D) 2-month postoperative outcome.

Figure 7. A 39-year-old woman with ductal carcinoma in situ in right upper outer breast. (A) Preoperative view. (B) Intraoperative view of designed La-
tissimus dorsi myocutaneous flap. (C) Intraoperative view of the elevated flap. (D) 10-month postoperative outcome.

as restricted shoulder movement and seroma formation, and
can thus shorten the recovery period [17].

LD myocutaneous flap

The LD flap procedure is the first surgical breast reconstruc-
tion procedure using pure autologous tissue [18]. However,
this procedure cannot provide a sufficient volume of tissue for
breast reconstruction in western women who have a relatively

http://ejbc.kr

large breast size. Thus, the application of this procedure has
been diminished recently, compared with the use of a trans-
verse rectus abdominis myocutaneous (TRAM) flap. In Asian
women who have small- to moderate-sized breasts, however,
this procedure is useful for breast reconstruction following
breast-conserving surgery. This flap has a reliable blood sup-
ply, but disadvantages include a difficult surgical technique, a
prolonged surgical time and postoperative complications at
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the donor site. One of the most common postoperative com-
plications is seroma formation at the donor site, which occurs
with an incidence of approximately 20% [19]. This complica-
tion can be markedly minimized by using a quilting suture
when suturing the donor site or using fibrin glue [20-22].

A horizontal line is drawn in the dorsal brassiere strap. The
available ellipse-shaped transverse skin paddle, which allows
for primary closure of the donor site, is marked along this line
to conceal the scar. The size of the skin paddle ranges from 6
to 10 cm wide and 20 to 25 cm long. The flap extends hori-
zontally from the posterior axillary fold to the spinous pro-
cess. The peripheral limits of the extended LD flap are marked
on the surface. With patients in the lateral decubitus position,
the flap is elevated by raising the adjacent back skin just below
the thoracodorsal fascia. It is important to leave a layer of fat
to preserve the blood supply to the back skin to avoid wound-
healing complications at the donor site. The dissection pro-
ceeds inferiorly to the iliac crest and superiorly to the teres
major muscle. The vascular branches from the thoracodorsal
vessels to the serratus muscle are divided if they interfere with
flap rotation, but this is not required in every case. The flap is
passed beneath the skin tunnel to the defect. Division of the
humeral attachment of the LD muscle helps to increase the
arc of rotation of the flap. A negative pressure drain is placed,
and the donor site is closed primarily. The patient is placed in
the supine position, and the flap is inset (Figure 7) [23].

This flap may be used as a pedicled flap for patients with risk
factors for microvascular surgery, such as positive smoking
status, diabetes mellitus and obesity. Radiation therapy or che-
motherapy following this operation is not contraindicated be-
cause this flap is well tolerated. Limiting factors include weak-
ness in the back, shoulder or arm; donor-site morbidity, such
as seroma formation; and a large scar on the back (though it
can be concealed by the brassiere strap) [24].

CONCLUSION

In patients with small- to moderate-sized breasts, there is
some limitation in acquiring good cosmesis with oncoplastic
volume displacement techniques. In smaller breasts, when a
postoperative deformity is expected due to a large-volume tu-
mor resection, replacement using non-breast tissue is required.
Because breast deformity is common in Korean women after
breast-conserving surgery, many of whom have small breasts,
oncoplastic volume replacement techniques allow for exten-
sive tumor excision without compromising the cosmetic out-
come and can be reliable and useful techniques that provide
satisfactory aesthetic results.
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