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Abstract: Prepectoral breast reconstruction is an increasingly prevalent form of breast

reconstruction. Prepectoral breast reconstruction was abandoned in the past due to various

complications but has recently made a resurgence due to the development of acellular dermal

matrices and innovative techniques. The purpose of this review article is to discuss the

history, techniques, benefits, and potential complications of prepectoral breast reconstruction.

The article also reviews current literature to evaluate published complication rates.

Complications evaluated include infection (3.67%), wound dehiscence (2.10%), skin necro-

sis (3.67%), seroma (2.89%), hematoma (1.34%), implant loss (3.28%), return to the OR

(6.15%), contracture (3.61%), and rippling (7.38%). In conclusion, prepectoral breast recon-

struction is a reliable, safe, and aesthetically feasible method of breast reconstruction. With

increasing interest in this technique, it is important that surgeons and patients are familiar

with prepectoral reconstruction and this article aims at providing this information.
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Introduction
Breast cancer is the second most common cancer worldwide as of 2018, according to

the World Health Organization (WHO). With improved screening, advances in che-

motherapy, targeted biologic therapy, and evolved surgical techniques, breast cancer

survivorship has increased, allowing breast and plastic surgeons to focus on limiting

surgical morbidity and increasing quality-of-life outcomes. While breast-conserving

surgery and mastectomy with reconstruction are both oncologically safe options,

breast-conserving surgery is sometimes contraindicated and safe oncologic breast

surgery requires mastectomy.1 Implant-based reconstruction has been the most used

technique for post-mastectomy breast reconstruction,2 mainly in the form of submus-

cular or dual plane (partial submuscular) implant placement.3 With the development of

acellular dermal matrix (ADM) for soft tissue coverage, prepectoral breast reconstruc-

tion has become a more viable alternative. This review aims to discuss the history,

techniques, benefits, and potential complications of prepectoral breast reconstruction.

History of Prepectoral Breast Reconstruction and
Trends of Reconstruction
With the advent of silicone gel breast implants in the 1960s, prosthetic breast

reconstruction became possible. These first implant-based breast reconstructions

were performed by placement of the implant in a subcutaneous pocket directly

underneath the mastectomy skin flap. This approach was relatively simple, quick,
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did not violate the integrity of the muscle, but was fraught

with complications. Early prepectoral breast reconstruction

was associated with implant malposition, visibility, palpabil-

ity, rippling, implant exposure, and capsular contracture,

among others. These complications were found to be the

result of inadequate soft tissue coverage, and thus recon-

struction techniques moved from prepectoral implant place-

ment to submuscular (Figure 1).4,5

The submuscular technique places the implant under

the pectoralis major muscle without releasing the inferior

insertion of the muscle to the chest wall. Lateral and

inferior coverage of the implant is obtained by mobiliza-

tion of muscle flaps, serratus anterior, and rectus abdomi-

nis, respectively.4 This total muscular technique allows for

vascularized soft tissue coverage of the implant while

simultaneously decreasing the rate of capsular contracture

compared to the subcutaneous placement.5 This was not

without its drawbacks; however, as contraction of the

muscle often resulted in pain due to muscle spasms as

well as the phenomenon of animation deformity, where the

implant is displaced upward and superolaterally with for-

ceful pectoralis muscle contraction, causing a significant

distortion of the breast mound. Moreover, the submuscular

placement of the implant prevented lower pole expansion

resulting in poor projection and definition of the breast.5,6

To overcome these limitations, the partial muscle

coverage or dual-plane approach was developed. In this

technique, the implant is covered partially by the pector-

alis major muscle superiorly and by the mastectomy skin

flap only inferiorly. This technique allows for an

improved lower pole expansion but results in a superior

migration of inferiorly released pectoralis major muscle,

creating a phenomenon known as “window-shading”.4

Additionally, the subcutaneous coverage at the lower

pole and the absence of muscle support may cause the

implant to stretch out the lower pole of the breast leading

to an excessive inferior migration commonly referred to

as “bottoming out”.

With the introduction of ADMs in 2006, the modified

dual-plane approach was pioneered. This technique utilized

ADM as a sling to anchor the inferior edge of the pectoralis

major to the inframammary fold and provide lateral support

to better define the lateral mammary fold and mitigate the

incidence of implant lateralization and inferior migration.5,6

The use of ADM also allows for more tissue expansion

compared to total submuscular coverage. In a study compar-

ing total submuscular to subpectoral to partly subpectoral-

assisted ADM group, the authors found that intraoperative

fill volumes were significantly higher (412 versus 130 mL)

and the total number of expansions prior to final expander to

implant exchange was much less (1.7 versus 4.3 expansions)

in the partly subpectoral-assisted ADM group compared to

the total muscle coverage group.7

Many experts consider the dual-plane technique with

or without ADM placement to be the accepted standard

technique of implant-based reconstruction. However, this

approach still carries its own drawbacks and set of com-

plications. As with the subpectoral implant placement,

elevation of the muscle can lead to animation deformity,

chest tightness, pain, and muscle spasms. The treatment

of these muscle related complications is changing the

implant pocket from the subpectoral back to the prepec-

toral position. Therefore, due to the positive outcomes

seen initially with these revision cases, there has now

been a shift to performing primary prepectoral breast

reconstruction.5,6

Techniques for Prepectoral Breast
Reconstruction
The advances in both ADM and implant technology have

made prepectoral breast reconstruction approach an attrac-

tive option from a reconstructive standpoint. ADM appears

to decrease the rates of capsular contracture,3,4 results in

a more natural, aesthetically pleasing breast shape, and

increases the success rate of prepectoral breast reconstruction

by providing another layer of soft tissue coverage between
Figure 1 Partial submuscular breast reconstruction (left) compared with prepec-

toral breast reconstruction (right).
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the implant and mastectomy skin flaps. Similarly, newer

generation cohesive silicone implants may reduce implant

rippling and visibility.5

A number of criteria need to be met for prepectoral

breast reconstruction to be accomplished safely and appro-

priately. Immediate prepectoral implant is appropriate and

has been described in the literature for both skin-sparing

and nipple-sparing mastectomies. Skin-sparing mastect-

omy is utilized over nipple-sparing for cancers that infil-

trate the nipple-areolar complex (NAC) or if the breast

skin envelope was too large or ptotic to allow NAC pre-

servation. Of note, in instances such as this, Scott Spear

has described a 2-stage operation consisting of an initial

reduction to decrease the skin envelope followed by

a second-stage nipple-sparing mastectomy with recon-

struction (either with direct to implant or tissue expander

if the envelope is hypoperfused).8

Following mastectomy, whether skin or nipple-sparing,

the first step begins with evaluating the quality and perfu-

sion of the mastectomy skin flaps. Mastectomy flap perfu-

sion is a key element to achieve a successful prepectoral

reconstruction. This may be initially assessed by

a thorough inspection of the skin flaps and the presence

of a healthy subdermal fat layer although there is no “one

size fits all” flap thickness, as subcutaneous tissue varies

between patients based on race and age, among other

variables. This is difficult to control given the variation

among patients; however, perfusion is assessed with indo-

cyanine green (ICG) angiography ICG if there are con-

cerns. The advent of laser angiography has revolutionized

plastic and reconstructive surgery and is now widely avail-

able ICG dye to assess flap perfusion (Figure 2). In our

experience, the nipple is always hypoperfused after nipple-

sparing mastectomy when observed under ICG angiogra-

phy but survives with subsequent epidermolysis. If the

skin perfusion is compromised as well, it is then better to

stage the reconstruction by first inserting tissue expanders

in the prepectoral plane, to allow time for skin flaps to

develop robust perfusion through the delay phenomenon

for a period of 2 to 3 weeks.5

The goal of prepectoral breast reconstruction is to

create a “hand-in-glove” fit with respect to the implant

and pocket size. Thick mastectomy flaps, appropriately

sized implants, and the use of cohesive silicone gel

implants optimize this relationship. If the pocket is larger

than the implant, it is more likely that rippling, wrinkling,

and visibility will become an issue.5

ADMs are used in the process of prepectoral breast

reconstruction as they provide tissue support. The ADM is

sized by draping it over the implant so that it conforms to the

implant without any laxity. There are two main techniques

related to the handling of ADM in prepectoral breast recon-

struction. The first is an anterior wrap, which was originally

the only “on-label” technique to provide implant support.

The ADM is sutured to the superior border of the designed

pocket followed by the medial and lateral borders. The

implant is then inserted, and the ADM is sutured

inferiorly.5,9 Alternatively, another approved approach

involves wrapping the ADM completely around the implant

or expander, as described by Sbitany et al3. The ADM is first

shaped to the size of the implant/expander (Figure 3).

A 2–3 cm cuff of ADM is sutured at the level of the desired

inframammary fold (IMF) in 2 suture rows (Figure 4), the

implant/expander is then placed on the surface of the pector-

alis muscle and the ADM is wrapped around the device and

sutured circumferentially (Figure 5).3,5,10 The complete wrap

is not only more expensive owing to its use of a larger sheet

of ADM but data have shown higher incidence of implant

loss, capsular contracture, rippling, seroma, and flap

necrosis.11

The presence of ADM usually leads to seroma formation

and thus one to two drains are typically placed in each breast.

Figure 2 Representative indocyanine green laser angiography showing good soft tissue

perfusion following nipple-sparing mastectomy and prepectoral reconstruction.
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The ADM is typically fenestrated to allow for more rapid

integration and improved fluid drainage. If an expander is

placed, expansion begins 2 to 3 weeks postoperatively and

drains are left in place for a minimum of 3 weeks. Drains are

removed once output is less than 20cc/day for 3 consecutive

days. It should be mentioned that the second-stage expander

to implant operation is performed through a new incision if

the tissue is irradiated.3 Of note, some authors choose to

mesh ADM with a standard meshing machine. Compared

to non-meshed ADM, meshed-ADM results in decreased

fluid drainage, and shorter time to drain removal.12

Prepectoral Breast Reconstruction
Following Nipple-Sparing
Mastectomy
Nipple-sparing mastectomy surgical technique has improved

patient-reported-outcomes with postmastectomy breast recon-

struction while being oncologically safe. There is an intrinsic

benefit to maintaining the complete external breast envelope

Figure 3 Acellular Dermal Matrix (ADM) sized and wrapped circumferentially

around the implant/expander to create a pocket.

Figure 4 Cuff of Acellular Dermal Matrix (ADM) sutured at the level of the desired

inframammary fold (IMF) in 2 suture rows following skin-sparing mastectomy.

Figure 5 Prepectoral breast reconstruction with implant/expander placed on the

surface of the pectoralis muscle and the Acellular Dermal Matrix (ADM) wrapped

around the device and sutured circumferentially.
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for use in reconstruction. The traditional submuscular or dual-

plane techniques are still routinely used and offer vascularized

soft tissue coverage but involve greater dissection and mobi-

lization of the chest wall due to disinsertion and elevation of

the pectoralis muscle during creating of the pocket. The place-

ment of the implant in the prepectoral space avoids muscle

dissection, limiting impaired muscle function, muscle spasms,

postoperative pain, and the dreaded animation deformity.

Additional surgery is needed to correct the animation defor-

mity but converting the submuscular or dual plane implant to

prepectoral. Thus, there has been an increasing trend to per-

form primary prepectoral breast reconstruction.3

Sbitany et al reviewed their experience and outcomes

with two-stage prepectoral breast reconstruction compared

to dual-plane breast reconstruction following nipple-sparing

mastectomy. From 2012 to 2016, patients undergoing

immediate breast reconstruction following nipple-sparing

mastectomy were placed into either the dual-plane or pre-

pectoral group based on the surgeon’s intraoperative assess-

ment of the skin flap perfusion. Demographics between the

two groups were comparable and there were no statistical

differences between groups (including diabetes, smoking, or

follow-up time). In this cohort, there were no significant

differences in complication rates between the two groups,

including infection, seroma, and explantation rates.3 The

major difference between the two groups was that the mean

fill volume and the mean number of fills to complete expan-

sion was higher in the submuscular group (410 ± 145 mL

versus 371 ± 125 mL, and 4.4 ± 1.9 versus 3.1 ± 1.2,

respectively) than in the prepectoral group.3

Past Literature Reviews
A comprehensive literature review looking at pre-pectoral

implant reconstruction byChatterjee et al13 further confirmed

that the complication rate and safety profiles between the

prepectoral and dual-plane groups were similar without any

significant differences. The elimination of pectoralis muscle

mobilization may make the postoperative recovery period

and subsequent expansion process more comfortable, but

this has not been proven in patient-reported outcome studies.

In general, studies reviewing pre-pectoral breast reconstruc-

tion note that for prepectoral breast reconstruction to be

successful, patient selection is key.13

Complications
As mentioned above, the prepectoral placement of the

implant as compared to the submuscular approach avoids

the complications associated with pectoralis major muscle

dissection and mobilization. These include impaired func-

tionality, muscle spasms, animation deformity, and “win-

dow-shading” among others. Nevertheless, the prepectoral

approach is not without its drawbacks as well.14,15 The

most common complication is capsular contracture with

a rate of 8.8% in a recent systematic review of prepectoral

breast reconstruction complications. Upon subgroup ana-

lysis, however, the rate of capsular contracture with the

use of ADM was decreased to 2.3% as compared to 12.4%

without.15 While lending to lower capsular contracture and

overall complications rates, the use of ADM was corre-

lated with a higher rate of implant loss, infection, and

mastectomy flap necrosis.15 ADM is also associated with

red breast syndrome with an incidence of 6.4%.16 This

entity is characterized by erythema directly overlying the

ADM and is thought to be secondary to lymphedema and

lymphatic obstruction postoperatively. All cases of breast

erythema are empirically treated with antibiotics, but dis-

continued after 1 week if no change, and redbreast syn-

drome is presumed. Most cases are self-limiting, but

prolonged red breast syndrome is occasionally treated

with explantation of ADM and implant and conversion to

autologous breast reconstruction.16

Other important complications to consider are infec-

tion, seroma, hematoma, implant loss, mastectomy flap

necrosis, and NAC necrosis (Tables 1 and 2). It should

be noted that long-term comparative studies between pre-

pectoral and subpectoral implant placement complications

are not yet available. There are many studies, mostly

retrospective, that have published complication rates with

prepectoral reconstruction. These rates were reviewed

through a literature review searching for articles pertaining

to prepectoral reconstruction on PubMed. Twenty-eight

Table 1 Complications of Prepectoral Breast Reconstruction

Reported in the Literature (Average Follow-Up Was 19 Months

(Range 4–55 Months)).19–46

Complication Pooled Rate (%)

Surgical site infection 3.67%

Wound dehiscence 2.10%

Skin necrosis 3.67%

Seroma 2.89%

Hematoma 1.34%

Implant exposure/loss 3.28%

Return to the OR 6.15%

Contracture 3.61%

Rippling 7.38%

Any complication 8.71%
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articles that published various complications rates were

evaluated, the results were pooled, and average complica-

tion rates were calculated as seen in Table 1.19–46

Mastectomy flap or NAC necrosis is secondary to exces-

sive pressure on thin mastectomy tissue, impairing already

disrupted perfusion. Loss of this overlying soft tissue cover-

age can be devastating and result in reconstruction failure.

This complication can be reduced by the use of intraoperative

indocyanine green tissue perfusion assessment and if any

doubt exists, deferring direct-to-implant and instead opting

for tissue expanders. Infection is always a concern during

implant-based breast reconstruction and can lead to implant

loss. The large subcutaneous pocket that is left before recon-

struction opens up the possibility for hematoma or seroma

formation postoperatively. Meticulous hemostasis and

thoughtful drain placement help to mitigate these risks.15

Another concern is the risk of visible implant rippling

at the upper pole given thinner soft tissue coverage as

compared to submuscular reconstruction. During two-

stage prepectoral reconstruction, the tissue expanders

should be underfilled relative to the anticipated final

implant size in order to avoid rippling due to redundant

skin during the expander-to-implant exchange operation.

The rippling effect is also mitigated by planning fat graft-

ing to the upper pole mastectomy flap during the second-

stage expander-to-implant exchange operation. It is impor-

tant to counsel patients who are undergoing immediate,

direct-to-implant prepectoral breast reconstruction that

they may need a later procedure for fat grafting over the

implant to reduce rippling and implant visibility.3 Direct-to

-implant breast reconstruction was in fact made possible

with prepectoral implant placement as the muscle does not

need to be expanded to accommodate a big implant.

Effects of Radiation
Postmastectomy radiation therapy, while lifesaving, is

a known risk factor for implant-based reconstruction com-

plications, namely capsular contracture and reconstruction

failure.17,18 In a recent retrospective review, Sinnott et al

reported that subpectoral breast reconstruction had a three

times greater rate of capsular contracture compared to

prepectoral breast reconstruction following postmastect-

omy radiation therapy (52.2 versus 16.1%). Moreover, 10

of the 12 cases of capsular contracture in the subpectoral

group were grades 3 or 4 compared with 2 of the 9 cases in

the prepectoral group.17 It has been proposed that the

increased surface area coverage of the implant by ADM

is protective.

With two-stage reconstruction, expandermigration is higher

in the dual plane than the prepectoral group during postmas-

tectomy radiation. This is thought to occur due to radiation-

induced fibrosis and contraction of the pectoralis major muscle,

which causes superior displacement of the expander.

Prepectoral breast reconstruction is not subject to this phenom-

enon as there is no muscle coverage of the expander.3

Conclusion
Prepectoral breast reconstruction is a reliable, safe, and aesthe-

tically feasible method of breast reconstruction followingmas-

tectomy. With the advances in implant material and ADM,

capsular contracture and overall complication rates have

declined.While there is no consensus on the specific technique

of ADM use, both the anterior and complete coverage

approaches have been used with similar success.

Complications are similar to subpectoral implant placement

but avoid pectoralis muscle dissection and thus shorten recov-

ery time and improve functional outcome. Moreover, the abil-

ity to perform nipple-sparing mastectomy in combination with

prepectoral breast reconstruction allows for preservation of

breast form and pectoral muscle function, while providing

the minimal amount of surgery. It is also important to note

that prepectoral implant capsular contracture grades are lower

compared to subpectoral following postmastectomy radiation

therapy. That being said, the published data for prepectoral

breast reconstruction outcomes have a shorter follow-up com-

pared to their subpectoral counterpart. With more data

expected to be published, plastic surgeons should continue to

offer their patients reconstruction modalities that are based on

the highest-quality evidence available.
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