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In conjunction with the passing of the Women’s Health and 

Cancer Right Act in 1998, and the increase in breast cancer 

awareness, the rates of breast reconstruction have increased 

dramatically. Nearly 1 in 8 women will develop breast 

cancer over her lifetime; an estimated 232,670 new cases 

of invasive breast cancer were expected to be diagnosed 

in women in the USA in 2014 (1). It was estimated that in 

2014 alone, nearly 102,215 reconstructive procedures were 

performed for breast reconstruction (2). Post-mastectomy 

reconstruction has innumerable benefits to a woman’s sense 
of sexuality, body image, self-esteem and quality of life (3,4). 

Breast reconstruction can be performed through a 

multitude of pathways: autologous (use of one’s own tissues), 

prosthetic (implant-based), or a hybrid of the two. The 

most common pathway for implant-based reconstruction is 

a 2-staged process where the first stage involves placement 
of a tissue expander and a second stage where the tissue 

expander is exchanged for a prosthetic breast implant (5). 

Nearly 70% of all breast reconstructions are prosthetic-

based (6,7). Based on the Nationwide Inpatient Sample 

database from 1998 to 2008 there was an overall 78% 

increase in immediate breast reconstruction with a 203% 

rise in implant use (7). This trend continues today as 

advancements in technology continue to be made.

As oncologic principles and therapies have evolved so 

too have reconstructive tools and principles. Over the past 

20 years, strides have been made in developing and refining 

tissue expanders, prosthetic breast implant devices, tools for 

intraoperative perfusion assessment, bioprosthetic materials 

for construction of internal support, and combining 

prosthetic reconstruction with autologous augmentation 

through fat grafting. All these advances allow reconstructive 

surgeons to take a once morbid and disfiguring procedure 
and make it a visually imperceptible defect. 

Breast cancer management requires a multidisciplinary 

approach involving medical oncologists, radiation 

oncologists, pathologists, oncological surgeons and plastic 

surgeons. Ongoing communication amongst all parties 

involved during the planning stages allows for avoidance 

of potential postoperative complications and provides 

the best possible outcome for the patient. “A good 

reconstruction always begins with a good mastectomy” (8). 

It is imperative for reconstructive surgeon to be aware of 

the extent of resection and necessity for neoadjuvant and/

or adjuvant therapies the patient may require such that the 

reconstructive timeline may be tailored to the individual 

patient. 

Since introduction of the Halstead radical mastectomy 

in 1882, the extirpative surgery has evolved from a radical 

approach to a more conservative one where by the skin 

and/or nipple are spared (9,10). By maintaining the native 

breast envelope and inframammary fold, reconstruction of a 

natural, cosmetically appealing breast is possible at the time 

of mastectomy (11,12). While initial critics of the evolution 
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raised concerns regarding compromising oncologic safety 

and potential increase in locoregional recurrence these 

well intentioned concerns have not been scientifically 

validated (13,14). 

Once the glandular tissue has been removed, the 

reconstructive process commences. A 2-staged implant-

based approach is begun through first placing a tissue 

expander to first save the natural breast footprint 

(inframammary fold, shape, width, and projection) and 

secondly to allow for expansion of the skin envelope to 

desired volume. At the second stage the expander is replaced 

with a long-lasting prosthetic device and refinements are 

made to the breast pocket and mound to achieve the desired 

aesthetic shape.

The concept of tissue expansion through placement of 

a subcutaneous balloon was first described by Neumann 

in 1957 to reconstruct an auricle (15). However, it was not 

until after 1982 when Radovan (16) published his experience 

with placing a deflated silicone expander with an external 

reservoir dome for reconstruction of the breast when 

2-staged prosthetic breast reconstruction gained acceptance. 

The initial tissue expanders used by Radovan were round 

and dome-shaped with non-expandable bases and had 

external filling ports. The subsequent evolution included 

incorporation of the filling port into the device itself as 

to eliminate the need for dissection outside of the breast 

footprint and thereby reduce risks of lateral migration of 

the implant. In the late 1990s, McGhan Medical (Allergan) 

began production of variable height and variable projection 

devices which allowed for preferential expansion of the 

lower pole of the breast for a natural appearing breast (17). 

This was followed shortly thereafter with the incorporation 

of a textured surface and tabs to precisely control placement 

of the device and prevent any malpositioning and rotation 

of the device (18) (Figure 1). As tissue expanders have 

evolved so too have permanent prosthetic implants. 

Throughout history, there has been a desire for breast 

augmentation. In the 1800’s, there were reports of injecting 

various synthetic materials into breast including beeswax, 

petroleum jelly, and various epoxy resins (19). However, 

it was not until 1962 when Cronin and Gerow developed 

implants consisting of a thick silicone shell with a less 

viscous silicone filling which led to the modern era of 

breast implants. Unfortunately, in the 1970s the original 

generation implants had high failure rates with silicone 

leakage, high degree of capsular contracture and subsequent 

deformities which ultimately led to the temporary Federal 

Drug Administration’s (FDA’s) moratorium on silicone gel 

implants in 1992 (20). During the temporary embargo, 

silicone implants were utilized in clinical trials. Finally, in 

2006, after multiple studies reported safety of the device, 

the FDA reversed the ban. Subsequent generations of 

breast implants have focused on creation of a higher 

fidelity shell to prevent silicone bleed, textured surfaces to 
prevent implant migration, cohesive silicone gels for a more 

natural feel, and anatomically shaped implants for a more 

natural appearance. Today’s implants, although made of 

similar material, are fundamentally different than previous 

generations. 

While silicone implants have had a rocky history, saline-

filled implants have remained on the market throughout 

the temporary silicone implant moratorium. However, 

Figure 1 (A) Standard tissue expander device with partial ADM coverage. Note textured surface, tabs and incorporation of filling port. 
(B) In a standard 2-staged reconstruction, this device is placed in the subpectoral plane with the superior aspect being covered with the 

pectoralis major. 
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these are not without faults. Initially described in France 

in 1965 by Arion, these devices were developed to allow 

for smaller incisions and versatility in adjusting volume 

and a soft, natural feel. Clinical trials in the 1970s showed 

high rates of deflation secondary to weak silicone shells 

and valve failures. Subsequent design modifications have 

resulted in deflation rates of 5.5% at 6 years (21). While 

saline breast implants are presently used in a fraction of 

primary cosmetic breast augmentation, they do not perform 

as well in the reconstructive realm; it is exceedingly difficult 
to achieve a natural appearing reconstruction with the 

use of saline implants. This is not just surgeon bias; this 

has been shown through patient reported outcomes. A 

study utilizing the BREAST-Q, a validated questionnaire 

measuring postsurgical body image and quality of life in the 

breast reconstruction, showed higher overall satisfaction 

with breast reconstruction, higher psychological well-

being, higher sexual well-being, and higher satisfaction with 

surgeon for silicone implant recipients compared to saline 

implant recipients (22) (Figure 2). 

The primary benefit of a 2-staged prosthetic approach 

is the placement of a partial deflated implant to preserve 

the breast footprint while not stressing the perfusion of 

the remaining mastectomy skin to prevent contracture 

of the wound while healing ensues. The nature of a 

mastectomy is inherently an ischemic process relative to 

the skin envelope. The perfusion of the breast arises from 

several sources including the internal mammary artery, 

lateral thoracic artery, thoracoacromial artery, and anterior/

posterior branches of the intercostal arteries. The process of 

removing the glandular tissue eliminates the perfusion from 

the thoracoacromial artery and potentially from the other 

sources, particularly when the boundaries of the natural 

breast are violated. Skin necrosis, which was reported 

to occur in up to 25% of reconstructions, was plaguing 

complication early in the evolution of breast reconstruction, 

particularly in the immediate setting (23). 

Accurate intraoperative prediction of skin flap viability 

with clinical judgement is a challenging task that often 

relies on subjective parameters including: color, capillary 

refill, and dermal edge bleeding. Assessment of skin flap 

perfusion with intraoperative LA-ICGA (laser-assisted 

indocyanine green fluorescent angiography) allows for real-
time visualization of skin perfusion, providing the surgeon 

with an objective marker to facilitate surgical decision-

making. The utility of LA-ICGA in predicting necrosis was 

illustrated in an article by Newman et al., in 2010 where 

LA-ICGA was performed on 20 consecutive mastectomy 

flaps showing a 95% correlation between intraoperative 

imaging and clinical course with 100% sensitivity and 

91% specificity (24). A prospective trial of 51 implant 

based breast reconstruction LA-ICGA correctly predicted 

necrosis in 19 of 21 cases where clinical judgment failed (25). 

The Mayo Clinic adopted the technology in 2011 since 

has dropped the rate of skin necrosis in immediate breast 

reconstruction by 83% (26). Furthermore, when immediate 

implant-based reconstruction is to immediately follow the 

oncologic procedure, LA-ICGA allows for maximal fill 

volume without compromising perfusion of the mastectomy 

flap (Figure 3).

Traditionally, the prosthetic device has been placed in 

the sub-muscular plane with total submuscular coverage 

utilizing the pectoralis major and serratus anterior. The 

interposition of well vascularized muscular tissue between 

the skin and prosthetic device helped reduce the visibility 

of the implant under the skin and minimize the step-off 

between the device and chest wall (27). Conventionally, 

this involved elevation of the pectoralis major and serratus 

anterior fascia, however, this resulted in difficulty with 

inframammary fold definition, lateral deviation of the breast 
mound, failure to develop lower pole fullness, loss of a 

naturally ptotic appearing breast and a painful, prolonged 

expansion process. Furthermore, the submuscular pocket 

was taut while the overlying mastectomy was redundant 

resulting in contraction of the mastectomy flaps while 

the muscular pocket is slowly expanded. This resulted in 

disunion between the device and overlying skin envelope. 

These drawbacks of total submuscular coverage led to 

the use of acellular dermal matrices (ADMs) in breast 

reconstruction. ADMs are decellularized dermal matrices 

that provide a scaffold for the patient’s tissues to incorporate 

into through revascularization and repopulation. Breuing 

and Warren were the first to report use of ADM as an 

Figure 2 Silicone breast implants. A round, smooth-textured 

implant on the left. A textured, anatomic implant on the right.
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inferolateral dermal sling resulting in a partial subpectoral, 

partial sub-ADM pocket resulting in precise control of the 

lower pole and lateral mammary fold as well as reduced 

time to full expansion (28) (Figure 4).

ADMs have since revolutionized prosthetic breast 

reconstruction. Acting as internal support for the device, 

they provide precise control of the inframammary and 

lateral mammary folds, prevention of “window-shading” 

or retraction of the pectoralis muscle cephalad, shorter 

expansion times, reduction in implant visibility and rippling, 

and protective effects against radiation changes and 

capsular contracture (29-33). A diverse array of regenerative 

matrices are available; varying with respect to tissue source, 

processing, preparation, sizes, cost, and performance (34). 

ADMs have disrupted the dogma of total muscular coverage 

with the current technique of partial-muscular, partial-

ADM coverage being routinely used. The door has now 

opened for total-ADM covered devices in the subcutaneous 

(pre-pectoral) plane. While the evolution from total 

muscular coverage to subcutaneous breast reconstruction 

is at the forefront of breast reconstruction with promising 

aesthetic outcomes, long-term results and complications are 

not yet available (27) (Table 1).

Historically, a consistent problem restricting the aesthetic 

outcome for prosthetic-based breast reconstruction was 

implant visibility and contour deformities; placement 

of an implant beneath an inherently thin skin envelope 

consistently generated an unnatural, conically shaped 

mound with obvious step-off between the implant and 

chest wall and lack of a naturally ptotic, tear-shaped breast. 

Currently, the solution to this problem is transplantation 

of fat from remote areas to the breast. This concept was 

first reported by Czerny in 1895 when he transplanted a 

lipoma to a breast after a partial mastectomy for fibrocystic 
disease (35). It was not until the 1980s with the advent of 

liposuction that fat grafting gained popularity as surgeons 

were now able to take a small aliquot of fat and inject it to 

fill contour deformities (36). 
The general concept of modern fat grafting includes 

lipoaspiration at sites of excess adiposity (typically flanks, 

abdomen and/or thighs). This is done with a small 3- to 

4-mm blunt cannula and negative pressure suction with a 

collection system between the suction device and cannula. 

The fat aspirated is then separated from the excess fluid and 
supernatant oils. The pure fat is then injected into the skin 

envelop in the subcutaneous plane between the dermis and 

underlying ADM capsule and/or muscle (Figure 5).

Figure 3 (A) Prior to beginning the reconstruction, post-mastectomy intraoperative LA-ICGA revealed adequate perfusion to the nipple-

areolar complex; (B) 550 mL tissue expanders filled to 300 mL, were placed in the partial subpectoral pocket with the lower pole reinforced 
with ADM. Repeat LA-ICGA showed compromised perfusion to the left upper outer quadrant; (C) the left tissue expander was partially 

deflated and repeat LA-ICGA revealed adequate perfusion. LA-ICGA, laser-assisted indocyanine green fluorescent angiography; ADM, 
acellular dermal matrix. 

Figure 4 Incorporated ADM showing revascularization at time of 

second stage from tissue expander to implant (3 months). ADM, 

acellular dermal matrix. 

A B C

Post mastectomy, no reconstruction Post mastectomy, 300 mL fill Post mastectomy, 200 mL fill
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Table 1 Strengths and limitations of plane of implant placement

Total submuscular coverage
Dual plane—subpectoral 

+ ADM sling

Pre-pectoral—subcutaneous  

+ full ADM coverage

Preservation of natural breast shape + ++ +++

Muscle spasm +++ ++ –

Animation deformity +++ +++ –

Postoperative pain +++ ++ +

Cost – ++ +++

Operative time ++ ++ +

Initial fill volume + ++ +++

Number of fills  

(time to complete expansion)

Many Few Fewest

Indications Thin mastectomy flaps with 

near complete resection of skin 

envelope; mastectomy flaps with 

questionable perfusion

Healthy mastectomy flaps 

without areas concerning 

for ischemia

Healthy, thick mastectomy 

flaps with excellent perfusion

ADM, acellular dermal matrix; –, none; +, some; ++, more; +++, most.

Figure 5 (A) Preoperative photographs of a patient with right breast cancer; (B) after undergoing bilateral nipple-sparing mastectomies 

with immediate tissue expander placement in the subcutaneous plane through an inframammary fold approach; (C) final reconstruction after 
exchange of tissue expander for anatomic silicone breast implants and fat grafting. 

A

B

C
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Early in the application of this technique to breast 

reconstruction, concerns were raised regarding not only 

the efficacy and long-term results but also oncologic 

safety. Science has yet to identify any association between 

autologous fat grafting and increased breast cancer 

recurrence (37-40). Furthermore, current studies have 

reported excellent aesthetic outcomes, a high degree of 

patient and surgeon satisfaction and overall a low rate 

of complications (38,41). More than just filling contour 

defects, autologous fat grafting fundamentally changes the 

quality of the overlying skin envelope especially in setting 

of radiation (42). Pre-clinical studies have shown reversal of 

radiation-induced dermal fibrosis and hypovascularity (43). 
Autologous fat grafting has proven to be a valued tool in 

breast reconstruction, which has revolutionized surgeons’ 

abilities to camouflage the prosthetic devices allowing for 

reconstruction of a natural breast. 

Radiation therapy has become a mainstay in breast cancer 

treatment with more women being offer radiation treatment 

as studies have proven a survival benefit (44,45). This 

poses a challenge for reconstructive surgeons. Historically, 

prosthetic-based reconstruction was discouraged in the 

setting of post-mastectomy radiation due to the high rate 

of wound healing problems, implant malposition, capsular 

contracture, infection, extrusion of implants, and poor 

aesthetic outcome (46,47). However, with the adjuvant tools 

available including ADMs, anatomic breast implants, and 

fat grafting, successful prosthetic based reconstructions are 

now possible (48-51). 

Breast reconstruction over the past decade has been 

completely revolutionized by the technical advances in 

oncologic management of breast cancer, development of 

anatomically shaped prosthetic devices, and application 

of bioprosthetic materials, intraoperative perfusion 

technology, and autologous fat grafting. Today’s breast 

reconstruction is nearly visually imperceptible, something 

that was a significant challenge with previous generations of 
technology, devices and techniques.
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