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Abstract

The increasing global incidence of breast cancer underscores the
significance of breast reconstruction in enhancing patients’ quality
of life. Breast reconstruction primarily falls into two categories: im-
plant-based techniques and autologous tissue transfers. In this study,
we present a comprehensive review of various aspects of implant-
based reconstruction, including different types of implants, surgical
techniques, and their respective advantages and disadvantages. For
autologous breast reconstruction, we classified flaps and optimal har-
vest sites and provided detailed insights into the characteristics, ben-
efits, and potential complications associated with each flap type. In
addition, this review explores the emerging role of fat grafting, which
has received increasing attention in recent years. Despite advance-
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ments, there remains substantial scope for further improvements in
breast reconstruction, emphasizing not only aesthetic outcomes, but
also a reduction in complications and postoperative recovery. By of-
fering a comprehensive overview of the historical evolution, current
landscape, and future prospects of breast reconstruction, this review
aims to provide readers with a comprehensive understanding of breast
cancer management strategies.

Keywords: Breast reconstruction; Breast implant; Autologous breast
reconstruction; Fat grafting

Introduction

Breast cancer continues to represent a significant global
health challenge, imposing both medical and psychological
burdens on millions of individuals annually. According to the
most recent World Cancer Burden Statistics Report by the
World Health Organization (WHO) Institute for Research on
Cancer, approximately 2.3 million new cases of breast can-
cer were reported in 2022, accounting for 11.6% of all new
cancer cases, making it the most prevalent malignant disease
globally [1].

Total mastectomy is a common treatment for breast can-
cer, but it often leaves individuals grappling with the sub-
stantial psychological impact of breast loss. The fundamental
goal of breast reconstruction is to achieve optimal cosmetic
outcomes following breast cancer surgery. In addition, there
is increased recognition of the significance of patient-reported
outcomes (PROs), emphasizing the importance of reducing
complications and enhancing postoperative quality of life [2].
Immediate breast reconstruction has proven beneficial by miti-
gating psychological distress, improving overall quality of life
[3], and reducing healthcare costs compared to delayed breast
reconstruction [4]. Furthermore, it has demonstrated oncologi-
cal safety, with no increased risk of breast cancer recurrence
or distant metastasis [5]. This ongoing evolution underscores
the substantial progress in the field of breast reconstruction,
reflecting a steadfast commitment to improving patient experi-
ences and outcomes.

This review aims to provide a comprehensive summary of
contemporary breast reconstruction techniques, encompassing
their historical evolution, prevalent types, associated compli-
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Table 1. Patient Selection Criteria for Breast Reconstruction Methods

Breast reconstruction method  Implants

Autologous tissue

Advantages Do not require a donor site
Less invasive
Disadvantages Rupture [6]

Capsular contracture [6, 7]
BIA-ALCL [8]

Breast implant illness [9]

Minimal maintenance

Undergoing similar age-related changes

Choice of donor based on breast size and body shape
Superior to implants in PROs [10-12]

Require a donor site

More invasive

Risk of flap loss

Inferior to autologous tissue in PROs [10-12]

This table compares the selection criteria for breast reconstruction using implants versus autologous tissue. The decision on which reconstruction
method to use is primarily based on the patient’s preference, with careful consideration of the respective benefits and drawbacks of each method. The
implant option involves using synthetic materials, while autologous tissue reconstruction uses the patient’'s own tissue. Both methods have distinct
advantages and disadvantages that should be discussed with the patient to ensure an informed decision. PROs: patient-reported outcomes; BIA-

ALCL: breast implant-associated anaplastic large cell lymphoma.

cations, as well as emerging innovative approaches that have
garnered significant attention recently.

Implant-Based Reconstruction

Breast reconstruction methods can be classified into two
main categories: implant-based reconstruction and autologous
tissue transfer (Table 1) [6-12]. The most significant advantage
of implant-based reconstruction is that it does not require a
donor site and is less invasive than autologous reconstruction.
Implant-based reconstruction remains the most commonly em-
ployed technique, accounting for 80% of all breast reconstruc-
tion procedures in the USA [13]. Breast implants date back to
the 1950s, with various materials used for breast augmentation
and reconstruction, including ivory, glass, sponge, polyurethane,
and polytetrafluoroethylene. However, these materials often re-
sulted in unfavorable local tissue reactions, causing the breasts
to stiffen and deform over time with poor outcomes [14]. The
development of silicone implants in the 1960s marked a signifi-
cant advancement and the onset of the modern era of breast aug-
mentation and reconstruction.

Types of implants

Various types of breast implants have been used for breast
reconstruction. Implants can be classified into silicone- or
saline-filled based on their contents, and smooth or textured
according to their surface. Silicone implants are currently the
most commonly used type of implant. The original implant
had a smooth shell, while textured surface implants were later
developed to reduce migration and capsular contracture. How-
ever, in the last decade, there has been a shift back to smooth
implant use due to increased concerns regarding the develop-
ment of lymphoma around textured devices.

In 1962, Cronin et al first reported the use of silicone
gel breast implants [15]. Three years later, the first inflat-

able saline-filled breast implant became available [16]. Im-
provements continued to be made over time; however, in the
1980s, patients began suing implant manufacturers, claiming
that silicone implants caused various complications, includ-
ing autoimmune diseases and breast cancer, which were not
present prior to surgery. In 1992, the US Food and Drug Ad-
ministration (FDA) banned the use of silicone implants, citing
insufficient evidence supporting their safety and effectiveness.
Consequently, saline-filled implants became the only avail-
able treatment option in the USA [17]. However, after thor-
ough evaluation, the claim that breast implants were associated
with breast cancer and connective tissue disease was denied
[18], and the FDA lifted the moratorium in 2006. After their
reintroduction to the USA and Canadian markets, silicone gel
implants became the prosthesis of choice.

Compared to saline implants, silicone implants offer a
softer and more natural feel and appearance and are less prone
to rupture or degradation [19]. This is especially true in patients
with thin skin or a slender physique, where silicone implants
are more likely to achieve a natural look. However, if safety in
the event of rupture or cost is a priority, saline implants may
be preferred. A survey by the American Society of Plastic Sur-
geons (ASPS) reported that 82% of surgeons preferred silicone
implants, with 33% using them exclusively [20].

In the 1960s, the surfaces of early implants were smooth,
but they exhibited a high rate of capsular contracture (10.6-
24.6%), representing a major disadvantage [16, 21]. It became
clear that surface properties play a role in capsular contracture,
leading to the development of textured implants in the 1970s
[14]. Textured-surface silicone implants, including Mentor’s
Siltex imprinted implants (Mentor Worldwide LLC, Irvine, CA)
and Allergan’s Biocell salt-loss devices (Allergan, Irvine, CA),
were introduced in the late 1980s, over a decade after the first
documented use of polyurethane textured implants [22, 23].

The incidence of capsular contracture decreased with the
advent of textured implants [6]. Specifically, tear-drop-shaped
implants became popular as the textured shell prevented implant
rotation by adhering to the surrounding tissues. However, con-
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Figure 1. Types of implants and anatomical planes of reconstruction. This figure shows a flowchart of implant types and ana-
tomical planes. In terms of contents, silicone implants are preferred for their softness, while smooth implants are favored due to
concerns about breast implant-associated anaplastic large cell ymphoma (BIA-ALCL). For the anatomical plane, the prepectoral
option is chosen when the mastectomy flap has sufficient thickness. The use of acellular dermal matrix (ADM) is required in the

prepectoral plane.

tinuous use of textured implant types has been linked to inflam-
mation, immune reactions, and chronic infections [24]. Further-
more, in the 2010s, emerging evidence suggested that patients
with textured implants might be at risk of breast implant-associ-
ated anaplastic large cell lymphoma (BIA-ALCL) [25]. This led
to the recall of the Allergan Biocell-textured implant from the
USA and the global markets in 2019. Owing to these disadvan-
tages, smooth-shell implants are increasingly being used.

Anatomical plane of reconstruction

Breast reconstruction can be performed in two anatomical
planes for expander and implant insertion: subpectoral and
prepectoral (Fig. 1, Table 2) [6, 16, 19, 21, 25-32]. Although
expanders or implants were initially inserted directly into the
prepectoral space, this method was abandoned because of
the high rate of complications [33]. For a period, subpectoral
placement became the mainstay of reconstruction. However,
with the advent of acellular dermal matrices (ADMs), a bioma-
terial derived from processed human or animal skin designed
to remove cells while preserving the extracellular matrix, and
advancements in total mastectomy techniques, prepectoral re-

construction is becoming increasingly popular.

In the subpectoral method, a tissue expander (TE) is tradi-
tionally inserted into the subpectoral plane, and the lateral part
is covered by the serratus anterior muscle or fascia. After sev-
eral weeks of percutaneous saline infusion and gradual expan-
sion, the TE is replaced with an implant (Fig. 2). Since the early
1980s, this approach has been the preferred surgical technique
[33]. However, the disadvantages of subpectoral reconstruc-
tion include animation deformity, muscle tightness, increased
discomfort, and lateral malpositioning of the implant due to
continuous pectoralis movement. ADM was first used in breast
reconstruction by Breuing et al in 2005 as a sling to support
the lower pole of the pectoralis major during subpectoral breast
reconstruction (Fig. 3) [34]. The pectoralis major muscle is de-
tached from the chest wall, and its inferior edge is sutured to the
ADM, which functions as an extension of the muscle to form a
continuous plane. This technique eliminates the need to expand
the pectoralis major muscle, allowing for implant insertion to
be completed in a single operation, without multiple surgeries
and outpatient visits. ADM use also results in significantly less
capsular contracture than muscle-only implant coverage.

A less invasive prepectoral method in which the TE or
implant is covered with an ADM and inserted at the anterior

Table 2. Comparison of Different Methods of Implant-Based Reconstruction

Types of implant

Contents Surface

Anatomical plane

Compared to saline implants,

silicone implants: smooth implants:

Soft 1 [19] BIA-ALCL | [25]
Rupture | [19] Implant rotation 1 [6]
Cost 1 [19] Capsular contracture 1 [16, 21]

Psychosocial well-being 1 [30] Patient satisfaction 1 [31]
Sexual well-being — [30]

Physical well-being — [30]

Compared to textured implants,

Compared to subpectoral implants,
prepectoral implants:

Less invasive

Chronic pain | [26-28]

Animation deformity | [26-28]

Capsular contracture | [26-28]

Easier reconstruction of ptotic breasts [26-28]
Rippling 1 [29]

Patient satisfaction — [32]

BIA-ALCL: breast implant-associated anaplastic large cell lymphoma.
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Pectoralis Major

Tissue Expander (TE)

Expansion Replacement

Breast Implant

Figure 2. Subpectoral reconstruction. The tissue expander (TE) is inserted into the subpectoral plane. After several months of
percutaneous saline infusion and gradual expansion, the TE will be replaced with the breast implant.

aspect of the pectoralis major muscle is becoming increasingly
popular (Fig. 4). There are two types of prepectoral methods
using ADM: the wrap-around method, which covers the en-
tire implant, and the anterior cover method, which covers only
the anterior portion [35]. The prepectoral method offers mul-
tiple advantages, including reduced animation deformity, less
chronic pain, easier reconstruction of ptotic breasts, and de-
creased capsular contracture when ADM is used [26-28]. Both
the prepectoral and subpectoral methods have similar compli-
cation rates, indicating comparable safety [26, 36, 37]. How-
ever, the prepectoral approach requires adequate mastectomy
skin flap thickness and optimal blood flow, making it unsuit-
able for skin defects. Patients with thinner skin envelopes are
also more prone to implant visibility and rippling [29].

ADM has improved both the prepectoral and subpectoral

Pectoralis Major

methods. In a survey by the ASPS, 48.4% of respondents em-
ployed the prepectoral procedure, but concerns regarding the high
cost and off-label ADM use persisted [38]. A systematic review
by Daar et al [39] illustrated a decrease in two-stage reconstruc-
tion post-nipple-sparing mastectomy (NSM), with a consistent
increase in direct-to-implant reconstructions over the past decade.

Complications associated with implant-based reconstruc-
tion

Capsular contracture

When the body identifies a foreign substance, it instinctively

Breast Implant

Acellular Dermal Matrix (ADM)

Figure 3. Subpectoral reconstruction with acellular dermal matrix (ADM). The pectoralis major muscle is detached inferiorly, and
then sutured to the ADM to create a single plane. This eliminates the need for expanding the pectoralis major muscle using a
tissue expander (TE), allowing for the implant to be inserted in a single phase.

/’ﬂ

Pectoralis Major

Breast Implant

Figure 4. Prepectoral reconstruction. The breast implant is entirely covered with acellular dermal matrix (ADM) and inserted at
the anterior aspect of pectoralis major muscle. This method is less invasive and becoming more widely used.
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responds by forming a barrier of scar tissue to encapsulate it.
Similarly, a capsule of scar tissue forms around the implant to
maintain its position and prevent shifting. However, in some
patients, capsular contracture can occur, where the scar tissue
capsule becomes abnormally hard and contracts around the
implant, leading to pain and implant deformation in severe
cases. The incidence of capsular contracture ranges from 5.7%
to 14.5%, and its frequency increases over time from the date
of surgery [6, 40].

The risk factors associated with capsular contracture in-
clude radiation therapy (RT), biofilm contamination, and sur-
gical site infection (SSI) [41]; however, the exact pathogen-
esis of capsular contracture remains unclear. The incidence
of capsular contracture can be reduced with the prophylactic
administration of antibiotics and use of textured implants and
ADMs [7], while the risk of capsular contracture is lower, and
the duration of expansion is shorter when TEs are inserted [6].

SSI

SSI after implant-based breast reconstruction adversely affects
surgical outcomes. The infection rates in implant reconstruc-
tion range from 3.2% to 14.8% [26, 40, 42] with approximate-
ly half of cases occurring within the first 60 days post-surgery
[40]. The high rate of infection is attributed to the presence of
bacteria in the mammary gland, flap ischemia after mastecto-
my, lymph node sampling or dissection, increased dead space,
and foreign body placement [43, 44].

Common causative organisms include Staphylococcus ep-
idermidis, Staphylococcus aureus, Escherichia, Pseudomonas,
Propionibacterium, and Corynebacterium [8, 45]. The initial
management of SSI involves antibiotics; however, explanta-
tion may be indicated for cases unresponsive to treatment. Re-
cent studies have shown no benefit of extended oral antimicro-
bial prophylaxis in reducing SSIs [46].

Breast implant-related malignancies

BIA-ALCL is a type of T-cell non-Hodgkin lymphoma that
occurs in patients with breast implants and arises from the
capsular tissue that forms around the implant. The association
between breast implantation and ALCL was first reported in
1997 [47] and recognized as a risk factor by the FDA in 2011.
The reported incidence was approximately one in 2,207 to
one in 3,345, with an onset 7 - 9 years after implant insertion
[48]. Textured-type implants have been reported as a higher
risk factor compared to smooth-type implants [48]. Late swell-
ing (seroma) and mass formation are signs of BIA-ALCL that
warrant fluid or capsule sampling for diagnosis. Removal of
the implant with its entire capsule is the optimal surgical treat-
ment, with chemotherapy or radiotherapy deemed unnecessary
for patients with early-stage disease given its localized lesion
with slow course and good prognosis.

Breast implant-associated squamous cell carcinoma (BIA-
SCC) is another malignancy that can develop around breast
implants and within the implant capsule. As of March 8, 2023,

19 cases have been reported [49]. Given the limited data, the
lifetime risk and risk factors for BIA-SCC development re-
main unknown; however, it is highly aggressive and has a poor
prognosis.

Implant rupture

A 10-year prospective study [6] reported an implant rupture
frequency detected on magnetic resonance imaging (MRI) of
12.4%, with all ruptures occurring within the capsule and no
reports of extracapsular rupture or gel migration. The FDA rec-
ommends initial MRI/ultrasound monitoring at 5 years post-
implantation and every 2 - 3 years thereafter [9].

Breast implant illness (BII)

BII is characterized by various self-reported disabling and dis-
tressing physical and psychological symptoms, such as fatigue,
joint pain, brain fog, muscle pain, and autoimmune disorders
[50], which have gained attention, particularly due to social
media. Although the mechanism of BII symptoms remains un-
clear, it is likely multifactorial and psychosomatic. Currently,
it is not possible to confirm whether BII is a connective tis-
sue disorder; however, it is important to scientifically establish
and rule out other underlying causes of these symptoms. Most
patients with BII request implant removal with total capsulec-
tomy, and some report relief of symptoms after the procedure.

Autologous Breast Reconstruction

Autologous breast reconstruction is a surgical procedure that
utilizes tissues from other parts of the patient’s body to recon-
struct the breast, and offers several advantages. Unlike im-
plants, which require follow-up to check for implant rupture
or malignant lymphoma development, autologous reconstruc-
tion requires minimal maintenance. Furthermore, autologous
reconstruction adapts naturally over time, undergoing similar
age-related changes to those of natural breasts (e.g., sagging),
eliminating the need for replacement and avoiding the risk of
complications associated with implants entirely.

The history of autologous breast reconstruction (Table 3)
[51-64] dates back to 1887 when tissues from the contralateral
breast were used [51]. In 1906, Tansini [52, 65] introduced the
use of a latissimus dorsi myocutaneous (LDMC) flap from the
back. The 1970s saw development of the transverse rectus ab-
dominis myocutancous (TRAM) flap using abdominal tissue
[53]. The deep inferior epigastric artery perforator (DIEP) flap
[54], a refined version of the TRAM flap with less donor site
morbidity, was utilized in the 1980s. Advancements in micro-
surgery in the 2000s further expanded the options available,
including the gluteal artery perforator (GAP) flap [55] and pro-
funda artery perforator (PAP) flap [56].

Understanding the differences between the flap types is
crucial (Table 4) [54-56, 58, 62, 66-70]. Myocutaneous flaps,
such as the LDMC and TRAM flaps, consist of muscle, subcu-
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Table 3. History of Autologous Breast Reconstruction

Author/year Flap

Verneuil, 1887 [51] Pedicled contralateral breast flap
Tansini, 1906 [52] Pedicled LDMC flap
Robbins, 1979 [53] Pedicled TRAM flap
Koshima et al, 1989 [54] Free DIEP flap
Yousif, 1993 [61] Free TUG flap
Allen et al, 1995 [55] Free SGAP flap
Allen et al, 1997 [62] Free IGAP flap
Arnez et al, 1999 [60] Free SIEA flap

De Weerd et al, 2003 [58] Free LAP flap

Allen et al, 2012 [56] Free PAP flap

Selber et al, 2012 [63] Robotic LD flap
Gundlapalli et al, 2018 [64]  Robotic DIEP flap

Beugels et al, 2021 [59]
Akita et al, 2024 [57]

Nerve coaptation in DIEP flap
Scarless LD flap plus lipofilling

LDMC flap: latissimus dorsi myocutaneous flap; TRAM flap: transverse
rectus abdominis myocutaneous flap; DIEP flap: deep inferior epi-
gastric artery perforator flap; TUG flap: transverse upper gracilis flap;
SGAP flap: superior gluteal artery perforator flap; IGAP flap: inferior
gluteal artery perforator flap; SIEA flap: superficial inferior epigastric
artery flap; LAP flap: lumber artery perforator flap; PAP flap: profunda
artery perforator flap; LD flap: latissimus dorsi flap.

taneous fat, skin, and vessels, which are easy to elevate but re-
sult in increased donor site morbidity. These flaps can also lose
volume due to muscle atrophy after reconstruction. In contrast,
perforator flaps, such as the DIEP flap, preserve the muscle
and minimize donor site morbidity, but require precise surgical
techniques. Pedicled flaps maintain the original blood supply,
facilitating reliable blood flow, but limit tissue mobility. Con-
versely, free flaps offer more flexibility and superior reshaping
but are more complex due to the need for microvascular anas-
tomosis with a higher risk of flap loss. Each technique has its
unique advantages and challenges, necessitating careful selec-
tion based on patient-specific needs, anatomical factors, and
surgeon expertise.

Recent advancements have focused on combining differ-
ent flaps and incorporating nerves into the flaps to enhance
sensory regeneration in reconstructed breasts. This not only
restores the physical appearance but also contributes to regain-
ing sensation, improving the overall quality of life of patients.
The field is continually evolving with ongoing innovations
aimed at maximizing the benefits of autologous breast recon-
struction.

Flaps used in breast reconstruction

Various body regions serve as donor sites for flaps in breast
reconstruction, with the back, lower abdomen, thighs, and
buttocks representing the most prevalent sites (Fig. 5). The
common flaps harvested from these regions are discussed be-
low.

Back

1) LDMC flap

The LDMC flap, a pedicle flap based on the thoracodorsal ves-
sels, is particularly suitable for smaller breasts, making it a popu-
lar choice in Asian populations. This flap does not require vascu-
lar anastomosis or dissection of perforating blood vessels [66].
However, one limitation is its relatively small volume. Re-
cent innovations, such as the synergistic use of implants and
adipose injections, have been effective in augmenting volume,
enabling the reconstruction of larger breasts [71, 72]. Another
drawback is the prominent scar remaining on the back, but
advances in endoscopic harvesting of flaps without skin pad-
dles and injection of adipose tissue into the myocutaneous flap
have minimized scarring while preserving flap volume [57],
allowing the LDMC flap to remain a viable and refined option.

2) Lumber artery perforator (LAP) flap

LAP flaps [58] from the lumbar region offer several advantag-
es, including consistent perforating branch positioning, ease
of elevation, and well-concealed scars beneath clothing. In ad-
dition, the procured volume has been reported to be substan-
tial, averaging 651 g, with a soft fat texture closely resembling
that of the breast [67]. However, the free LAP flap has a short
vascular pedicle, averaging 4.0 cm [67], necessitating intra-
operative adjustments and rendering it more of a salvage pro-
cedure, rather than a primary choice [68]. Recent innovations
have demonstrated its efficacy in conjunction with a DIEP flap
when increased flap dimensions are necessary [73].

Lower abdomen

1) Transverse rectus abdominis muscle flap

The abdomen is the predominant donor site for autologous
breast reconstruction, primarily due to the abundance of adi-
pose tissue commonly found in women requiring breast recon-
struction [68]. The abdominal flap offers several advantages,
including its soft adipose tissue, which is similar to the texture
of breast tissue, facilitating the replication of the natural breast
morphology. Furthermore, the ensuing abdominal contours are
often aesthetically pleasing [74].

In 1982, Hartrampf et al [69] introduced a pedicled TRAM
flap utilizing the superior epigastric vessels. Advancements in
microsurgery have enabled the refinement and increased adop-
tion of free TRAM flaps, which rely on the inferior epigas-
tric vessels known for superior perfusion [75]. This progres-
sion enhances vascular stability of the TRAM flap, mitigates
the risk of fat necrosis, and provides enhanced flexibility for
breast mound formation [76].

DIEP flaps alleviate donor site morbidities typically associ-
ated with TRAM flaps, such as hernias and bulging [77]. Given
these advantages, DIEP flaps are often preferred over TRAM flaps
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Table 4. Patient Selection Criteria, Advantages, and Disadvantages for Autologous Tissue Breast Reconstruction

Donor site
Back Abdomen Thigh Buttocks
Flap name LDMC flap [66] LAP flap [58] DIEP flap [68] TRAM flap [69] PAP flap [56] GAP flap [55, 62]
Flap type Myocutaneous flap Perforator flap Perforator flap Myocutaneous flap ~ Perforator flap  Perforator flap
Patient Small breast Large breast Large breast Small to Large breast
ziilfecrtil:n (for salvage) Exclusion criteria: desire to have a medium breast g}tl:ae;nggv)e for
baby, complicated surgical scars in the P
abdomen, history of abdominoplasty
Advantages Does not require: ~ Ease of elevation Large volume so flexibility Muscle sparing Large volume
1) vascular Well-concealed for breast mound Inconspicuous  Muscle sparing
anastomosis; scar Abdominoplasty scar
2) dissection Muscle sparing Muscle sparing Does not require:
of perforator Less hernia and 1) vascular
bulging [54] (than anastomosis
TRAM flap) (pedicled TRAM
flap);
2) dissection
of perforator
Disadvantages Small volume Intraoperative Conspicuous scar Small volume  Short pedicle [70]
Volume loss due repositioning ) ) )
to muscle atrophy  Short pedicle [67] Requires: Volume loss due to ~ Requires: Intrao.p.era.tlve
Intraoperative 1) vascular. musc.le atrophy . 1) Vascular' repositioning
repositioning anastomosis; Hernia and bulging anas'tomosls; Requires:
Conspicuous scar 2) dissection 2) dissection 1) vascular.
of perforator of perforator anastomosis;
2) dissection
of perforator

LDMC flap: latissimus dorsi myocutaneous flap; LAP flap: lumber artery perforator flap; DIEP flap: deep inferior epigastric artery perforator flap;
TRAM flap: transverse rectus abdominis myocutaneous flap; DIEP flap: deep inferior epigastric artery perforator flap; PAP flap: profunda artery per-

forator flap; GAP flap: gluteal artery perforator flap.

in contemporary practice. However, pedicled TRAM flaps remain
a viable alternative in the absence of microsurgical options.

2) DIEP flap

The DIEP flap is regarded as the gold standard for breast re-
construction in institutes with microsurgical capabilities [68].
However, limitations include patients considering pregnancy,
scarce subcutaneous fat in the abdomen, complex surgical
scars in the abdominal region, or history of abdominoplasty.

The DIEP flap derives its blood supply from perforat-
ing branches of the deep inferior epigastric artery and vein
(DIEA/V), which emanate from the external iliac artery and
perforate the rectus abdominis muscle. Most perforating ves-
sels are located around the umbilicus [78].

In unilateral reconstruction, only one DIEA/V is harvested.
However, a bipedicled DIEP flap can be used to involve the con-
tralateral DIEA/V when more extensive blood supply to the flap is
desired. The DIEP flap is versatile and can cover substantial skin
defects after mastectomy. Recent advancements have allowed the
incorporation of the intercostal nerve in the flap, which can be
coapted to the intercostal nerve in the chest. This technique has
enabled not only cosmetic but also sensate reconstruction [59].
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3) Superficial inferior epigastric artery (SIEA) flap

The SIEA flap, similar to the DIEP flap, provides abdominal
tissue for breast reconstruction but does not necessitate inci-
sion of the abdominal fascia or rectus muscle, as its vascular
supply (SIEA/V) originates from the common femoral artery.
This method significantly mitigates the risk of abdominal com-
plications, such as hernia or bulging [60]. However, the SIEA
flap has several disadvantages, including a smaller pedicle di-
ameter and shorter pedicle length than those of the DIEP flap.
Additionally, patients may present with an insufficient arterial
pedicle, making application of the SIEA flap unsuitable [79].
Nonetheless, although not as frequently employed as the DIEP
flap, the SIEA flap remains a valuable option for selected pa-
tients and offers certain advantages over DIEP flaps, particu-
larly in terms of reducing abdominal morbidity.

Thigh

1) PAP flap

The PAP flap, first documented by Allen et al for breast recon-
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Figure 5. Representative examples of flaps used in autologous breast reconstruction. The LDMC flap is a pedicled myocutane-
ous flap, while the others are free perforator flaps that require vascular anastomoses. LDMC flap: latissimus dorsi myocutaneous
flap; DIEP flap: deep inferior epigastric artery perforator flap; LAP flap: lumber artery perforator flap; PAP flap: profunda artery

perforator flap; GAP flap: gluteal artery perforator flap.

struction [56], is increasingly recognized as a viable alterna-
tive to the DIEP flap. It originates from the medial thigh, can
be designed transversely or longitudinally [80], and is vascu-
larized by a perforating branch of the deep femoral artery that
penetrates the adductor magnus muscle.

The advantages of the PAP flap include an inconspicuous
scar at the donor site and sufficient pedicle length, averaging
approximately 10 cm [81]. Additionally, it allows for muscle
preservation and can be elevated during mastectomy while
the patient is in prone position. However, its relatively mod-
est weight of approximately 367 g [81] limits its suitability
primarily to small-to medium-sized breast reconstructions.
Nonetheless, it remains an effective option, particularly when
less-noticeable scars and muscle preservation are paramount.

2) Transverse upper gracilis (TUG) flap/diagonal upper graci-
lis (DUG) flap

The TUG [61] and DUG [82] flaps are myocutaneous flaps
sourced from the medial thigh. They can be distinguished by
their orientation; the TUG flap runs along the transverse axis,
whereas the DUG flap runs along the vertical axis. The pre-
dominant pedicle is the medial femoral circumflex artery, ac-
companied by two venae comitantes.

The TUG flap has certain disadvantages such as limited
availability of skin and soft tissue, shorter pedicle length [83],
and a higher risk of inducing lymphedema in the lower extrem-
ities post-harvest than that of the DUG flap [84]. Studies have
demonstrated that the DUG flap tends to be a more reliable op-
tion, owing to the constraints of the TUG flap [85]. Both flaps

are considered less technically demanding than the PAP flap
because they do not necessitate dissection of the perforating
branch. However, a significant drawback shared by both meth-
ods is the sacrifice of functional muscles, a factor that requires
careful consideration during the decision-making process.

Buttocks

1) Superior gluteal artery perforator flap

Introduced in 1995 by Allen et al [55], the superior gluteal ar-
tery perforator (SGAP) flap derives its vascular supply from
perforating branches of the superior gluteal artery, which ema-
nate from the internal iliac artery. This flap offers the distinct
advantage of harvesting abundant fat from the buttock area,
akin to the abdomen, with inconspicuous resultant scars. How-
ever, the flap features a relatively short pedicle with an average
length of 7.8 cm (range: 6 - 10.5 cm) [70], potentially neces-
sitating the use of vein grafts. Moreover, the flap requires the
patient to be in the prone position during harvesting, which ne-
cessitates intraoperative repositioning, a step that might com-
plicate the surgical procedure. Additionally, pedicle dissection
can be tedious because of the long intramuscular course.
Despite these shortcomings, the SGAP flap boasts a com-
mendable safety record, with a reported total flap loss rate of 1%
and an emergent surgical re-exploration rate of 5% [86]. This
places the SGAP flap on par with other flaps, such as the DIEP
and PAP flaps, in terms of safety [87, 88]. Consequently, the
SGAP flap serves as a viable option for patients who require
a relatively large flap and for whom an abdominal flap is not
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suitable due to conditions such as pregnancy or a history of ab-
dominal surgery [89].

2) Inferior gluteal artery perforator flap

The inferior gluteal artery perforator (IGAP) flap, subsequently
introduced by Allen et al [62] in 1997, serves as an alternative
to the abdominal flap when deemed unfeasible, similar to the
SGAP flap. The inferior gluteal artery, a terminal branch of the
internal iliac artery, exits the pelvis through the sciatic foramen
and is situated below the piriformis muscle. This flap poses the
potential risk of exposing the sciatic nerve during the harvesting
process. Reportedly, approximately 19% of patients experienced
sensory disturbances postoperatively [89]. Another notable dis-
advantage is discomfort arising from the surgical wound, espe-
cially in the load-bearing area while in a seated position. For
these reasons, the SGAP flap is often the preferred choice over
the IGAP flap in clinical practice.

Complications associated with autologous breast recon-
struction

SSI1

The reported SSI rate after autologous tissue reconstruction
was 3.6%, which was lower than that of prosthetic reconstruc-
tion [90]. This lower rate can be attributed to the robust blood
flow to the surgical site facilitated by tissue transplantation.
The administration of antibiotics beyond 24 h did not further
decrease the infection rate [91].

Microvascular thrombosis

Microvascular thrombosis is a specific complication of free au-
tologous breast reconstruction that poses a risk of total flap loss.
According to published studies, microvascular thrombosis rates
range from 1.3% to 8.9% [90, 92]. While heparin may be used for
postoperative thromboprophylaxis, the efficacy of intraoperative
and postoperative anticoagulant use in preventing anastomotic
thrombosis is limited, and systemic administration is generally
not recommended [93]. The salvage rate of flaps affected by mi-
crovascular thrombosis was reported to be 50-70% following me-
chanical thrombectomy, vein grafts, and thrombolytic use [94].

Donor site complications

Several complications can occur at the donor site, including
seroma, contour deformity, wound dehiscence, bulge/hernia,
and sensory disturbances. Wound dehiscence is particularly
problematic in high-risk patients, such as those who are obese
or smokers. Closed incision negative pressure therapy (ciNPT)
has been shown to reduce the wound dehiscence rate from
12.9% to 4.9%, offering an alternative method to standard
postoperative dressings for donor sites in breast reconstruction

[95]. ciNPT also significantly decreased the incidence of SSI
and length of postoperative hospital stay [96].

Patient Reported Outcomes (PROs)

The primary goal of breast reconstruction is to achieve patient
satisfaction with respect to the perceptions of psychosocial se-
quelae, physical function, and cosmetic outcomes. Thus, the
evaluation of the patient’s experience is particularly important,
and measurements such as patient satisfaction and health-relat-
ed quality of life are important outcomes for evaluating breast
reconstruction surgery.

What are PROs?

PROs are outcomes for which clinicians can receive direct re-
ports from patients, such as health status and quality of life
related to medical care and treatments. PROs before and after
treatment allow for a more comprehensive evaluation of the
treatment. Especially in clinical trials, where outcomes can
only be observed in terms of subjective patient impact, PROs
are useful outcome measures and have attracted attention in
the field of plastic surgery, where it is difficult to quantify ther-
apeutic interventions [97].

The BREAST-Q was published in 2009 as a PRO measure
of health-related quality of life and satisfaction and is widely
used because of its high reliability and validity [2]. The con-
ceptual framework includes six domains: satisfaction with
breasts, overall outcome and process of care, and psychoso-
cial, physical, and sexual well-being. The BREAST-Q showed
improvements in satisfaction with breast, psychosocial, physi-
cal, and sexual well-being scores after reconstruction com-
pared with preoperative scores, demonstrating the validity of
breast reconstruction in PROs [98].

PROs of implants vs. autologous tissue

Both implant and autologous tissue reconstruction have been
shown to contribute to short-term improvements in patient
satisfaction [99]. However, several systematic reviews have
shown that autologous tissue reconstruction is more satisfac-
tory than implant-based reconstruction [10-12].

Recently, long-term PROs have been reported in breast
reconstruction. Johnson et al [100] reported 13 years of fol-
low-up for 1,236 patients in a multicenter study, showing that
autologous tissue was associated with higher satisfaction with
breast, psychosocial, and physical well-being. Autologous tis-
sue reconstruction is characterized by increased patient sat-
isfaction over time [101], and it is important to provide this
information when choosing a reconstruction method.

PROs in different implant types

There are limited studies on PRO that compare the implant
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content, surface, and anatomical plane in which the implants
are placed. Compared with saline implants, silicone implants
are associated with enhanced patient satisfaction [102]. While
physical and sexual well-being were similar between silicone
and saline implant recipients, psychosocial well-being was
significantly better in silicone implant recipients [30]. They
also reported that patient satisfaction improved when textured
implants were replaced with smooth ones, regardless of the
presence or absence of preoperative symptoms [31]. Further-
more, patient satisfaction was found to be similar between the
prepectoral and subpectoral approaches [32]; however, the
long-term outcomes and durability of prepectoral reconstruc-
tion are yet to be studied.

PROs in autologous tissue reconstruction types

Reportedly, PROs comparisons of flaps used in breast recon-
struction, and a comparison of the DIEP and TRAM flaps
showed a higher satisfaction rate with the DIEP flap [103, 104].
The DIEP flap uses abdominal skin and fat and does not sacrifice
muscle, which allows for a natural breast look and feel, as well
as faster donor site recovery and less postoperative functional
impact, which may contribute to a high level of satisfaction.

A comparison of the DIEP and latissimus dorsi (LD) flaps
indicated that patients who underwent reconstruction with the
DIEP flap had higher scores for breast satisfaction and physi-
cal, psychological, and sexual health than those who under-
went reconstruction with the LD flap [100].

Patients also expressed high long-term satisfaction, espe-
cially regarding the breast shape and appearance. Satisfaction
with the PAP flap [105, 106], LAP flap [105, 107], and GAP
flap [107] were comparable to that of the DIEP flap, and be-
cause the PAP flap has a limited volume that can be harvested,
and LAP and GAP have short pedicles and other procedural
difficulties, the DIEP flap is the gold standard for autologous
tissue reconstruction. However, these flaps are good alterna-
tives for patients who wish to preserve their fertility or have
complex abdominal surgical histories that preclude DIEP flaps.

Breast Reconstruction With Fat Grafting (FG)

FG is a surgical technique where adipose tissue is harvested
from a designated donor site, commonly the abdomen, thighs,
or buttocks, and subsequently reinjected into the recipient site.
This procedure, first introduced in 1893 by Gustav Neuber
for breast reconstruction [108], has undergone substantial ad-
vancements in refining the fat purification and injection tech-
niques, elevating its precision and efficacy.

In contemporary plastic surgery, FG has garnered signifi-
cant acclaim, particularly for breast reconstruction owing to
its ability to create a natural and anatomically coherent breast
contour, thereby aligning with the aesthetic aspirations of pa-
tients seeking simultaneous fat reduction. Traditionally, FG
was used as a revision procedure following breast reconstruc-
tion with implants or autologous tissue. However, recent in-
novations have facilitated the emergence of hybrid surgical ap-

proaches and the use of FG as a standard procedure for breast
reconstruction.

FG for breast reconstruction is particularly beneficial for
patients with adequate fat reserves and minimal to no history of
RT, as these factors improve fat graft survival [109]. It is ideal
for patients requiring small-to-moderate breast reconstruction
and can also be utilized as a revision technique to refine breast
shape and symmetry following other reconstructive surgeries.

The FG procedure is typically performed under general
or local anesthesia with sedation and involves making a small
incision at the donor site and injecting a solution containing
adrenaline to minimize bleeding. Careful consideration of
graft size is important, as larger grafts may lead to higher rates
of complications, such as liquidation, necrosis, and cyst forma-
tion, while grafts that are too small can result in fat reabsorp-
tion [110]. Purified fat should be divided into small portions
and injected radially in multiple directions and layers using a
cannula with a 2 mm caliber blunt tip for successful fat graft-
ing [111].

Hybrid reconstruction with both FG and implants or
autologous tissue

Hybrid reconstruction combines FG with implants or autolo-
gous tissue, addressing the individual limitations of each ap-
proach. This hybrid approach significantly enhances cosmetic
results and reduces postoperative pain compared with standard
implant-based reconstruction [112], particularly benefiting pa-
tients undergoing RT by aiding microvascular lesion repair and
reducing interstitial fibrosis [113]. As previously mentioned,
when implants are positioned in the prepectoral plane, the risk
of implant visibility and contour deformities is higher than
when positioned in the subpectoral plane [114]. However, in-
corporating FG improves skin thickness, vascular supply, and
shape, thereby mitigating complications associated with prep-
ectoral implant placement [113].

Hybrid reconstruction is effective when using a LDMC flap
[115-117], which by itself yields a restricted tissue volume. FG
integration within the LDMC flap augments the flap volume and
can be performed during the same flap transfer session in select
cases; however, approximately 65% of patients require addition-
al FG, implying that the reconstruction process may need to be
repeated to achieve optimal results [117].

Total breast reconstruction using FG

Total breast reconstruction using FG has emerged as a feasi-
ble technique, with significant success, extending beyond re-
vision or hybrid reconstruction. Studies indicate that 2.4 - 4
FG procedures may be necessary for optimal aesthetic out-
comes, offering the dual benefits of fat reduction and breast
reconstruction, thereby contributing to an elevated quality of
life for recipients [118, 119]. Various surgical methodologies
have been employed, including singular or repeated injections,
perioperative attachment of expansion devices to augment the
recipient site [120], and injections coupled with the reverse

862 Articles © The authors | Journal compilation © World ] Oncol and Elmer Press Inc™ |  https://wjon.elmerpub.com



Katsuragi et al

World ] Oncol. 2024;15(6):853-870

expansion of the TE [118]. However, standardized protocols
for this approach remain elusive.

Complications associated with FG

Donor site complications

Donor site complications are more likely to occur with higher
liposuction volumes [121] and are influenced by surgeon expe-
rience [122]. A systematic review found that the most common
donor site complications were ecchymosis (12.0%), followed
by pain (5.4%), hematoma (2.6%), and skin irregularities
(0.5%) [123].

Recipient site complications

In a study De Decker et al investigating 2,419 cases of recipi-
ent site complications, fat necrosis occurred in 5.3%, oil cysts/
calcification formation in 8.8%, and infection in approximate-
ly 0.96% of cases [124]. Therefore, FG must be performed
while ensuring meticulous techniques to minimize these com-
plications and optimize outcomes in breast reconstruction.
Although fat embolization has been reported in the buttocks
[125], no cases have been reported in breast FG procedures.

Future Directions

As the demand for breast reconstruction increases, there is
growing interest in less invasive techniques and efforts to min-
imize postoperative complications, potentially heralding a new
era in breast reconstruction.

Robotic-assisted surgery

Robot-assisted surgery has been widely adopted to treat vari-
ous solid tumors, including prostate, colorectal, gastric, and
gynecological cancers. Toesca et al [126] pioneered their ap-
plication to NSM in 2015. While conventional NSM leaves a
lengthy scar, robotic NSM (RNSM) leaves only a small scar
at the port insertion site. Robotic surgical systems provide
high-resolution three-dimensional (3D) images, flexible in-
struments, and ergonomic tools that can potentially reduce the
surgeon’s workload and facilitate precise surgery [127].

A patient-reported cosmetic outcome study involving
RNSM and silicone implant reconstruction demonstrated fa-
vorable postoperative cosmetic outcomes [128]. This study
highlighted how smaller incisions improve the cosmetic out-
comes of breast reconstruction compared with conventional
mastectomy.

In recent years, there have been an increasing number of
reports on the application of robot-assisted surgery for autolo-
gous tissue reconstruction, such as LD flaps [63] and DIEP
flaps [64]. Robotic LD (RLD) flap procedures can harvest
muscles with smaller scars, resulting in an improved cosmetic

appearance. Clemens et al [129] reported postoperative com-
plication rates of 37.5% for LD flap compared with 16.7% for
RLD flap. These include seroma (8.9% vs. 8.3%), infection
(14.1% vs. 8.3%), delayed wound healing (7.8% vs. 0%), and
capsular contracture (4.7% vs. 0%).

Further, the robotic DIEP (RDIEP) flap requires a smaller
incision in the anterior rectus sheath compared to the tradi-
tional method (4.1 cm vs. 11.7 cm), which may reduce the
risk of postoperative hernia or bulging [130]. Lee et al com-
pared RDIEP flap with conventional DIEP flap and reported
a substantial reduction in postoperative pain and hospital stay
[131].

However, evidence on the safety and effectiveness of ro-
bot-assisted surgery in breast reconstruction is limited, and it
has not been approved by the FDA. Cost must also be consid-
ered [132]. A clinical trial [133] is currently underway combin-
ing RNSM with RDIEP flap reconstruction. This study aims
to evaluate several key parameters, including the length of the
incision on the anterior rectus sheath, the time required to dis-
sect the pedicles using robotic arms, and the weight of the har-
vested flap. The outcomes of this trial may provide important
insights into the efficiency and safety of robotic-assisted breast
reconstruction techniques. Demonstrating the safety, cosmetic
outcomes, and advantages of robot-assisted surgery is key to
enhancing its clinical use in breast reconstruction.

FG enrichment technique

Although FG is a minimally invasive approach for breast re-
construction, the grafted fat retention rate is inconsistent, and
multiple treatments are often required. Therefore, there has
been growing interest in the utilization of platelet-rich plasma
(PRP), stromal vascular fraction (SVF), and adipose-derived
stromal cells (ADSCs) to stimulate early angiogenesis and en-
hance graft retention rates.

PRP involves a small volume of plasma from which human
platelets are concentrated by centrifuging whole blood samples
[134]. Cervelli et al [135] used FGs for facial contouring and
observed 70% fat retention with PRP compared to only 31% in
the fat-only group. However, in a retrospective analysis of 42
patients who underwent FG for breast reconstruction, Salgarello
et al [136] found no discernible benefit in the fat plus PRP group
or any significant differences in clinical evaluation, incidence of
fat necrosis, or patient preference for additional surgery.

SVF is an enzymatically treated adipose cell-depleted
fraction of subcutaneous adipose tissue comprising peripheral
blood-derived cells, such as macrophages and neutrophils, vas-
cular endothelial cells, and adipose-derived stem cells. Gentile
et al [137] conducted a nonrandomized trial with patients un-
dergoing FG for breast reconstruction, including 10 patients
in the fat-only control group, 13 in the PRP group, and 10 in
the SVF group. Upon measuring the 1-year retention rates us-
ing MRI, the SVF (63%) and fat-only (39%) groups showed
significantly improved retention rates, whereas the SVF (63%)
and PRP (69%) groups revealed no significant differences.

ADSCs are mesenchymal stem cells extracted from white
adipose tissue, capable of differentiating into various cell types
including adipocytes and secreting numerous growth factors
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[138]. Kolle et al [139] conducted a randomized clinical trial
involving 13 patients who underwent FG for breast augmenta-
tion. MRI evaluation after 4 months revealed significant im-
provement, with a retention rate of 45% in the fat-only group
and 80% in the ADSC-enriched fat group.

Overall, the oncological safety of incorporating stem cells
or progenitor cells into autologous FGs for reconstructive sur-
gery after mastectomy remains unclear. Therefore, if further
research can validate their safety and efficacy, this approach
may represent the most minimally invasive and groundbreak-
ing technique for breast reconstruction.

Oncoplastic surgery

Oncoplastic breast surgery, a concept proposed by Audretsch
et al [140], integrates both oncological and reconstructive sur-
geries into breast cancer surgery. In recent years, programs
have been initiated in certain countries to train surgeons to
seamlessly perform breast cancer resection, partial recon-
struction, and total reconstruction. In breast cancer treatment,
mastectomy with reconstruction requires collaboration be-
tween surgeons; a breast surgeon performs the mastectomy,
while a plastic surgeon supervises the reconstruction. This
two-surgeon approach is standard in many countries, provid-
ing the advantage that specialized surgeons can handle the re-
spective aspects of each surgery. However, if, for any reason,
the breast surgeon does not refer the patient to a plastic sur-
geon - perhaps due to the unavailability of a plastic surgeon
at the facility - the patient misses the opportunity for imme-
diate reconstruction. Moreover, reduced reconstruction rates
can also be attributed to the complexity of the increased visits
to two surgeons, even if the patient was referred to a plastic
surgeon [141]. These factors may contribute to persistently
low global breast reconstruction rates, typically ranging from
10% to 25% [142].

In the UK, an interspecialty residency program has been in
place since 2002, enabling surgeons to undergo 12 months of on-
coplastic breast surgery training in specialized hospitals. This ini-
tiative has led to a significant increase in uptake rates, doubling
immediate reconstructions within 3 years [143]. Similar pro-
grams have been adopted in Canada, Australia, and Brazil, where
oncoplastic breast surgery is structured so that mastectomy and
reconstruction are performed in a single step by a single surgeon,
signifying a paradigm shift in these countries [144-146]. Such
training programs not only foster collaboration between surgi-
cal specialties, but also enhance accessibility to comprehensive
breast reconstruction options globally. By training breast sur-
geons to have integrated skills in oncoplastic surgery, these initia-
tives aim to increase the uptake of immediate breast reconstruc-
tions, ultimately improving patient outcomes and satisfaction.

Conclusions

This review provides an overview of the various breast recon-
struction techniques and highlights the benefits and challenges
associated with each technique. Both autologous tissue- and

implant-based reconstructions require careful selection tai-
lored to the specific needs of the patient, necessitating indi-
vidualized treatment plans. In particular, autologous tissue
reconstruction has shown the potential for higher long-term
patient satisfaction and is expected to be more widely adopted
in the future. Moreover, minimally invasive treatments, such
as fat grafting and robotic surgery, hold the potential to further
enhance patient satisfaction.
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