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Abstract

Purpose of Review Approximately one-third of women

who have breast conserving surgery (BCS) will develop a

cosmetic deformity following adjuvant radiation. Here we

review current surgical techniques for breast reconstruction

following BCS and review the evidence for their safety and

efficacy.

Recent Findings Breast reconstruction can be performed in

three settings following BCS: at the time of the partial

mastectomy, following partial mastectomy prior to radia-

tion, and delayed following completion of adjuvant radia-

tion. Current options for reconstruction include fat grafting,

tissue rearrangement and reduction techniques, as well as

tissue replacement with local, regional, and free tissue

transfer. Patients who have immediate reconstruction

report the highest satisfaction.

Summary Breast reconstruction following BCS has been

shown to improve patient satisfaction and cosmetic out-

comes without an increased risk of complications or cancer

recurrence. All patients considering BCS should be offered

a consultation with a plastic surgeon to review their sur-

gical options.

Keywords Breast cancer � Breast conservation surgery �
Lumpectomy � Partial mastectomy � Oncoplastic surgery �
Breast reconstruction

Introduction

Breast cancer is the most common non-skin cancer diag-

nosis in women and will affect 1 in 8 over their lifetime [1].

Large, randomized controlled trials have confirmed

equivalent long-term survival in women having breast

conserving surgery (BCS) plus radiation compared to

mastectomy [2, 3]. There is also high-quality data that

shows improved overall survival and disease-specific sur-

vival for patients with early stage breast cancer who

received BCS compared to mastectomy [4, 5]. Nationally,

BCS rates range from 30 to 70% of patients with early

stage breast cancer [4, 6]. A recent study investigating the

national trends using National Surgical Quality Improve-

ment Program (NSQIP) data has shown increasing rates of

BCS compared to mastectomy since 2010 (4% increase per

year), with BCS comprising 51% of all breast cancer sur-

gery [1].

Unfortunately, BCS can lead to significant breast

deformity in up to 30% of patients which can create psy-

chological burden, surgeon distrust, and dissatisfaction

with cancer treatment [7, 8]. The goal of what has been

termed ‘‘oncoplastic’’ breast reconstructive surgery is to

surgically remove the breast cancer while at the same time

rearranging or replacing tissue to preserve the breast’s

natural shape. Oncoplastic surgery is an accompaniment to

BCS and has increased nationally by 241% from 2005 to

2016 [1]. However, the overall rate of oncoplastic breast

surgery still remains low at 5% of those receiving BCS [1].

In the last decade, several advances in oncoplastic breast

surgery have been made. Reconstructive options now

include fat grafting, tissue rearrangement, and breast

reduction techniques, as well as tissue replacement with

local, regional, and free tissue transfer. Reconstruction is

also now offered more commonly in the immediate setting,
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at the time of BCS, prior to radiation treatment.

Oncoplastic surgery has been shown to improve patient

satisfaction [9, 10] and cosmetic outcomes [11••] without

an increased risk of complications [12, 13] or cancer

recurrence [12, 14]. Here we review current surgical

techniques for breast reconstruction following BCS, review

the evidence for their safety and efficacy, and discuss our

personal approach.

Fat Grafting

Initially following BCS, the surgical cavity fills with serous

fluid, often leaving no observable deformity until months

later when tissue retraction occurs following radiation. In

this scenario, autologous fat grafting is one of a few options

available to correct breast deformities. Fat can be harvested

from multiple donor sites with standard suction assisted

lipectomy techniques. Grafting then occurs using Coleman

cannulas with multiple passes and small aliquots to fill the

divot. Multiple rounds of fat grafting may be required to

adequately correct the deformity, spaced approximately

three months apart. On average 60–80% of the fat grafted

volume will survive [15]. There are several techniques for

fat harvest and processing, and limited research demon-

strating superiority of any one technique [15–20].

Percutaneous fasciotomy or rigotomy is an adjunct

procedure that can help release retracted scars and allow

for an increased fat graft volume via needle [21],

myringotomy blades [22], or the Coleman canula [23].

Rigotomy is performed by placing the scar under maximal

tension and releasing with multiple stab incisions using the

above instrument of choice. Following release, fat grafting

is performed into the cavity until a small amount of

lipoaspirate exits from the incisions. Ho Quoc et al.

reviewed fat grafting and percutaneous fasciotomies in

1000 patients finding a 0.8% infection rate and minimal

wound healing complications. They noted over-aggressive

fasciotomy, however, can lead to overlying skin compli-

cations [21].

An additional benefit of fat grafting is improvement in

skin quality following radiation, which is particularly

intriguing in BCS patients since the majority receive

adjuvant breast radiation. Studies have shown more than

90% of patients who undergo radiation therapy will have

some form of skin reaction [24, 25]. Radiodermatitis has a

spectrum of severity characterized by hyperpigmentation,

erythema, dermal and subcutaneous thinning, along with

scar contraction and loss of soft tissue envelope. These

changes evolve over years following treatment [24]. In

2007, Rigotti et al. were the first to show fat grafting could

improve skin quality in breast cancer patients with severe

radiation damage. They attributed this improvement to the

rejuvenating properties of the adipose-derived stem cells

(ASCs) [26].

The most common complication resulting from fat

grafting is palpable nodules from fat necrosis or oil cysts.

Clinically detected rates of fat necrosis/oil cyst formation

range from 2 to 18% [15, 27, 28]. Radiologically, there is a

higher rate of detection of fat necrosis/oil cysts, with Juhl

et al. showing 85% of patients developing oil cysts on

mammography/ultrasound after fat grafting [29]. New

calcifications can also be found following fat grafting in

5–20% of patients, in some circumstances necessitating

further investigation [15, 29]. In a systematic review of all

types of breast reconstruction, a higher rate of breast biopsy

due to suspicious radiologic findings was found in those

who had fat grafting compared to patients who did not

(3.7% vs 1.6%) [15]. Ultrasound has been found to be

reliable in differentiating benign from malignant lesions

following fat grafting [30]. Infection rates following fat

grafting are very low (0.7–1%) [15, 27], and major com-

plications such as fat emboli and pneumothorax are

extremely rare [15]. Donor site complications tend to be

self-limiting and include ecchymosis, swelling, hematoma,

and paresthesias. Visceral injury should be avoided with a

thorough pre-operative exam including examination for

hernias, as well as focus and precision intra-operatively.

Finally, contour abnormalities are possible, especially

when performing suction lipectomy over convex surfaces,

but can typically be prevented with careful technique and

selection of an appropriate donor site [31]. We prefer to

avoid harvesting fat from the periumbilical region when

possible in order to prevent injury to perforating vessels in

case the patient requires flap reconstruction in the future.

When considering fat grafting in a patient with breast

cancer history, oncologic safety is of utmost importance.

Although fat grafting to the breast has become fairly

ubiquitous, it was initially banned in 1987 due to concern

for disrupting breast cancer imaging [32]. It was not until

2009, after multiple clinical studies helped quell this fear,

that the American Society of Plastic Surgeons (ASPS) Task

Force concluded that fat grafting to the breast could be

performed, although data on long-term safety of the tech-

nique was lacking [33]. ASCs have been shown to activate

and differentiate into adipocytes and endothelial cells,

leading to graft survival [34]. This activating potential

could theoretically support tumor progression and possibly

metastasis as shown in multiple animal studies [35–38].

One study has shown an increase in local recurrence at

5 years after fat grafting in patients with in situ breast

cancer (18% vs. 3%) [39]. However, larger studies have

looked at patients with invasive breast cancer who had

secondary fat grafting; compared to patients that did not

have fat grafting, there were no significant differences in

recurrence even when stratifying by invasive [40, 41] or
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in situ breast cancer [42, 43••]. Overall, the current litera-

ture supports that fat grafting in the breast cancer popula-

tion does not increase recurrence rates [15, 44, 45••].

Lastly, fat grafting should be performed after margins

have been proven negative, although there is not a con-

sensus as to how long the waiting period should be. Some

surgeons perform fat grafting immediately without obvious

increase in recurrence rates; however, these studies lack

control groups and adequate follow-up [46, 47]. In our

practice we only offer fat grafting secondarily, at least

three to 6 months after adjuvant radiation is completed.

Oncoplastic Tissue Rearrangement and Reduction

Despite fat grafting techniques, repair of BCS defects

following radiation has been found to be more difficult

with poor aesthetic outcomes and increased complication

rates as high as 50–60% [9, 48]. Figure 1 shows an

example of a relatively poor outcome following a delayed

reconstruction of a post-BCS and radiation deformity. The

benefits of oncoplastic tissue rearrangement and reduction

surgery performed prior to radiation are the avoidance of

these deformities and improved patient-reported quality of

life [10]. Patient-reported satisfaction has been found to be

highest in those who undergo immediate reconstruction of

BCS defects compared to delayed reconstruction [9].

Oncoplastic surgery in most circumstances can occur at

the time of BCS. Patients presenting with multiple foci of

disease who are more likely to have positive margins

should have a delayed immediate repair [48]. In this sce-

nario, reconstruction can proceed 1–2 weeks following

BCS when permanent pathological margins are confirmed

to be negative. If a ‘‘delayed immediate’’ approach is

undertaken, the plastic surgeon should plan the surgical

incisions for the oncologic team in anticipation of the

pattern to be used for reduction and/or rearrangement. We

also recommend obtaining photos, measurements, and

specimen weight. Patients in our practice are routinely

offered a contralateral symmetry procedure at the time of

the oncoplastic surgery if significant asymmetry will exist.

Here we review approaches to immediate reconstruction

with oncoplastic tissue rearrangement and reduction

techniques.

Local Tissue Rearrangement and Augmentation

Techniques

Ideal candidates for oncoplastic surgery are those with

larger breasts (C-D cup), breast ptosis, asymmetry, and

those requiring a sizeable tissue resection. Smaller breasted

patients without significant ptosis may be candidates for

tissue rearrangement and augmentation techniques. For

smaller BCS defects in patients with properly positioned

nipples, periareolar incisions can be used to completely

separate the breast skin from the parenchyma, plicating the

parenchyma where necessary following tumor resection to

reshape the breast mound and redrape the skin [48].

Additional options for smaller breasted patients include

the use of breast implants. With this technique, immediate

reconstruction is performed by closing the BCS cavity with

local tissue advancement, and a subpectoral breast aug-

mentation is performed to reduce dead space and provide

volume [49]. Largely this technique is avoided in our

practice due to increased rates of capsular contracture

which have been reported as high as 24% (grade II–IV)

[49].

Auto-augmentation mastopexy techniques can be used

to fill larger lumpectomy cavities in smaller but ptotic

breasts. Dermoglandular breast flaps can be mobilized and

transposed as an extension of the primary pedicle beyond

the nipple areolar complex or a secondary pedicle inde-

pendent of the primary nipple pedicle [50••]. In a series by

Losken et al., the most common extended pedicle was the

superomedial which was used to reconstruct lateral, supe-

rior, and medial defects [50••]. Common secondary pedi-

cles are the inferior or inferolateral with a superior or

superomedial primary nipple pedicle used for lateral

Fig. 1 a 5-year post-BCS and

radiation breast deformity.

b Bilateral breast reduction

performed in delayed fashion
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defects [50••]. Figure 2 shows a superiorly based dermog-

landular breast flap transposed to successfully fill a large

medial lumpectomy cavity.

Breast Mastopexy/Reduction Techniques

The majority of candidates for oncoplastic surgery will

have a breast mastopexy/reduction technique. Reduction of

the breast volume not only serves to maximize resection

margins, but also may improve the efficiency of radiation

treatments for larger breasted patients [51]. Vertical breast

reduction patterns that base the nipple perfusion supero-

medial are great to address tumor locations in the lateral

upper and lower poles of the breast. For patients with

greater tissue excess or requiring significant skin resection,

Wise pattern reductions with a variety of pedicle locations

can be employed. Kronowitz et al. report a preference for

the inferior pedicle technique with Wise pattern skin

resection [52]. They report on several modifications of this

technique dependent on tumor location, incorporating

medial or lateral parenchyma to bolster the blood supply to

the nipple [52]. Figure 3 shows an example of a supero-

medial pedicle Wise pattern reduction performed in an

immediate fashion for a large lateral BCS cavity.

When a central tumor resection is required and the only

remaining blood supply to the nipple will be the skin,

reduction techniques may need to be combined with free

nipple grafting or parenchymal reshaping without reposi-

tioning of the nipple areola complex [48]. In some cir-

cumstances the nipple areolar complex will need to be

removed completely and reconstructed in a delayed fash-

ion. Alternatively, an immediate nipple reconstruction can

be considered. A single-stage technique for immediate

nipple reconstruction has been described reconstructing the

nipple on an inferior pedicle with a Wise pattern reduction

[12].

Immediate postoperative complication rates after

oncoplastic surgery are relatively low and include wound

dehiscence 4.6%, nipple necrosis 0.9%, fat necrosis 4.3%,

seroma 0.6%, and infection 2.8% [13]. When BCS and

oncoplastic surgery is compared to total mastectomy with

reconstruction, wound-related complications and surgical

site infections have been documented to be significantly

lower [53]. Oncoplastic surgery may also be a safer option

for our obese population. In a series comparing oncoplastic

reconstruction to immediate breast reconstruction follow-

ing mastectomy, obese patients were ten times less likely to

have a complication requiring reoperation and 20 times less

likely to have a delay in adjuvant therapy in the oncoplastic

group [54••].

The need for re-excision of positive margins following

an oncoplastic procedure is always a concern and often

necessitates completion mastectomy. In a series from MD

Anderson Cancer Center, positive margins were found in

only 5% of patients who had immediate oncoplastic rear-

rangement following BCS [55]. In a systematic review by

Piper et al., the pooled re-excision rate was 3.5% with

completion mastectomy in 3.7% of patients [13]. A meta-

analysis of over 3000 patients found re-excision rates to be

significantly lower in the oncoplastic group compared to

BCS alone (4% compared to 14.6%) [11••]. These studies

support the potential for improved surgical margins and

safety with oncoplastic surgery. In our practice we ensure

the tumor cavity has been adequately clipped following the

oncoplastic surgery to not only guide postoperative radio-

therapy but allow for re-identification of the surgical

margins if necessary. Intraoperative frozen sections can be

utilized to lower re-excision rates; however, this technique

is not widely practiced due to inaccuracy [13].

Delay of adjuvant treatments and decreased sensitivity

of postoperative surveillance following oncoplastic surgery

is an additional concern that has been addressed in the

literature. Oncoplastic surgery for those patients who

require neoadjuvant chemotherapy has been shown to be

safe without increased risk of complications or delay in

adjuvant radiation therapy [56]. A long-term follow-up

study evaluating postoperative surveillance for oncoplastic

reduction patients found that the sensitivity of

Fig. 2 a Preoperative photo demonstrating tumor location in the right breast. b, c Intraoperative photo demonstrating superiorly based

dermoglandular flap, rotated into large medial BCS cavity. d Immediate postoperative result of mastopexy and tissue rearrangement
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mammograms was similar for those having oncoplastic

reduction and BCS alone [57]. However, the oncoplastic

reduction group had a trend toward longer time to mam-

mographic stability with a potential increase in the amount

of tissue sampling required [57]. Local–regional recurrence

rates for oncoplastic procedures are reportedly low, 3.1% at

two years in a systematic review of over 1000 cases [13].

Local, Regional, and Free Flap Reconstruction

Patients with small to medium sized breasts and/or larger

defects and mild to moderate ptosis can also benefit from

oncoplastic reconstruction after BCS. Rather than rear-

ranging tissue and reducing the skin envelope, these

patients are best reconstructed with the addition of local or

distant tissue. These volume replacement techniques ben-

efit patients who do not want or need a reduction and often

prevent the need for contralateral symmetry surgery

involving reduction or mastopexy. They also make BCS

possible in patients who would traditionally need a mas-

tectomy and reconstruction for a reasonable aesthetic out-

come. A study by Smith et al. found patients treated with

volume replacement had a lower body mass index (BMI,

kg/m2) compared to those treated with tissue rearrange-

ment, mastopexy, and reduction techniques (24.1 versus

28.5, p = 0.0033). Only 8.3% of the 24 patients treated

with tissue replacement underwent a contralateral proce-

dure for symmetry, compared to 61.5% in the volume

displacement group [58••]. Here we review reconstructive

options with local, regional, and free tissue transfer.

Random Glandular Flaps

Random glandular and dermoglandular flaps have been

described based from the axilla for superolateral defects

[59] and the lateral breast and chest wall for superolateral

and inferolateral defects [60–62]. These are technically less

difficult to perform compared to the other flaps discussed,

and also take less time. They are most useful in patients

with medium to large breasts who do not desire a breast

reduction and have small to moderate sized defects. A

contralateral symmetry procedure may be more likely

compared to the other flaps described below. Due to the

lack of axial blood supply, there may also be an increased

risk of fat necrosis when larger volumes of tissue are

transposed.

Chest Wall Perforator Flaps

The lateral intercostal artery perforator (LICAP) flap and

lateral thoracic artery perforator (LTAP) flap are useful for

reconstruction of moderate sized lateral breast defects. The

vessels for these flaps are a few centimeters anterior to the

anterior latissimus border, in the 3rd-8th intercostal spaces

[63, 64••]. Anterior intercostal artery perforator (AICAP)

flaps are composed of tissue beneath the inframammary

fold for reconstruction of central and lower medial defects

[64••]. These perforators may originate from the internal

mammary artery and may also be known as internal

mammary artery perforator (IMAP) flaps in the literature

[65, 66]. The ICAP adipofascial flaps can be folded over or

used as propeller flaps, and a single perforator or multiple

can be used [67]. Skin can also be included if needed. An

example of a LICAP propeller flap is shown in Fig. 4.

Revision surgery may be needed in chest wall flaps that

are designed as turnovers [66, 68]; however, dissection is

more difficult and the risk of vascular compromise is

greater in propeller flaps [69]. When performing propeller

flaps without a skin paddle, the flap is de-epithelialized,

and the dermis is examined to confirm normal perfusion

during dissection of the vessels as well as flap inset. Range

of motion of the arm is also performed prior to closure of

the skin to ensure postoperative positioning restrictions are

not needed. Benefits of chest wall perforator flaps include

sparing muscle to avoid functional deficits, and also leav-

ing the thoracodorsal vessels intact for the possibility of

future reconstruction. These flaps have been shown to have

no effect on surveillance imaging [70].

Fig. 3 a, b Preoperative photos breast with left lateral tumor. c 1-year post-radiation photo following immediate oncoplastic reduction with

superomedial pedicle Wise pattern reduction and contralateral reduction for symmetry
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Flaps Based on Thoracodorsal Vessels: Latissimus

and Thoracodorsal Artery Perforator Flaps

The latissimus dorsi flap may be used to reconstruct

moderate to large sized BCS defects. Downsides of using

muscle include donor site morbidity, as well as possible

animation deformity, or atrophy if denervation is per-

formed. The muscle has been shown to atrophy on average

8% in the first year even when the thoracodorsal nerve is

left intact, with further, but less atrophy over the next two

years compared to the contralateral side [71]. A descending

branch latissimus dorsi ‘‘mini-flap’’ has been described

using the incision for axillary node dissection, with no

statistically significant difference in function compared to

patients with local tissue rearrangement or no reconstruc-

tion after BCS [72].

The thoracodorsal artery perforator (TDAP) flap also

spares the muscle to reduce donor site morbidity. In one

randomized study comparing the latissimus flap and TDAP

flap for partial breast reconstruction, there was no statisti-

cally significant difference in operative time or complica-

tion rates including flap loss [73]. The patients

reconstructed with TDAP flaps had less shoulder disability

at 3, 6, and 12 months after surgery. However, patients who

had partial breast reconstruction with latissimus flaps have

been shown to have high satisfaction using the BREAST-Q

module, including physical well-being (average score 87)

[74]. The traditional latissimus flap may therefore still be

reasonable for larger defects ([ 150 grams). Benefits of

these flaps include relative technical ease in the case of a

muscle flap, flexibility to replace a moderate amount of

skin and volume if needed, and longer pedicles. These flaps

are most easily placed in lateral defects, however can often

reach the medial breast. Disadvantages include some

decrease in shoulder function when harvesting muscle, as

well as not having the latissimus available for reconstruc-

tion if the patient has recurrent cancer.

Omental Flap

Omental flaps have been described for partial breast

reconstruction. Minimal donor site morbidity is achieved

with laparoscopic harvest, and pedicled or free flap tech-

niques may be used [75]. Unlike most chest wall perforator

flaps, the omentum can be used to reach the medial chest

even when pedicled. A complication rate of 12% has been

described, including partial or total flap loss and ventral

hernia, and 5.8% developed nodules or induration, possibly

fat necrosis [76]. Furthermore, omental flap volume is

unpredictable and at times inadequate, with insufficient

volume in some patients when resection size exceeds 200

grams [76]. Oncologic safety despite the presence of stem

cells within the omentum is presumed but not conclusively

proven [76]. For these reasons, as well as the need for

comfort with laparoscopic surgery techniques or an addi-

tional surgeon who is, we do not currently perform these

flaps for breast reconstruction at our institution.

Free Flaps

Free flaps may be most useful for reconstructing large

medial or superior breast defects, or in patients requiring

significant skin replacement, particularly in the delayed

setting [58••, 77]. Donor sites for partial breast free flap

reconstruction include mini superficial and deep inferior

epigastric artery flaps [77], as well as thigh-based flaps

including gracilis and profunda artery perforator flaps

[58••]. Revision rates may be similar to pedicled flaps,

reported in one study as 27% [58••]. Recipient vessels

commonly include the internal mammary, thoracoacromial,

Fig. 4 a Patient with moderate sized lateral BCS defect, markings

shown for LICAP. b LICAP and LTAP perforators identified and

skeletonized. The LTAP perforator was clamped and sacrificed to

allow for rotation as a propeller flap. c A tunnel to the moderate sized

defect (specimen diameter 6 cm) was created after the flap was

islanded. d Incision is within the braline
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and thoracodorsal arteries and veins. Completion mastec-

tomy and reconstruction should also be considered in these

patients.

Thoughtful flap selection for patients having partial

breast reconstruction with volume replacement is key. This

is typically based on the size and location of the defect, as

well as available donor sites. Small to medium sized

defects of the lateral and inferior or central breast may be

reconstructed with random glandular or perforator flaps

based on the intercostal or lateral thoracic vessels. Larger

defects may be better filled with TDAP or latissimus dorsi

flaps [78]. Free flaps are reserved for large superior or

medial defects. The omentum may also have a role in

partial breast reconstruction. Finally, mastopexy techniques

may be combined with volume replacement techniques in

patients with small to moderate sized, but ptotic breasts for

best results [79].

Conclusions

For patients choosing breast conservation surgery several

surgical options for reconstruction exist. Fat grafting offers

a safe but, in our opinion, less effective option for delayed

reconstruction of sizable defects [15, 27, 40–45••]. The

benefits of oncoplastic breast surgery performed prior to

radiation are avoidance of breast deformity and improved

patient-reported quality of life and satisfaction [10]. The

majority of candidates for oncoplastic surgery in our

practice are offered a breast mastopexy/reduction tech-

nique with a contralateral procedure for symmetry.

Oncoplastic reduction techniques maximize tumor resec-

tion margins while also improving the efficiency of radia-

tion treatments [51]. Volume replacement techniques with

local, regional, and free tissue transfer benefit patients who

do not need or want a breast reduction and often prevent

the need for contralateral symmetry procedures [58••].

In our practice, we follow patients for at least 1 year to

assess postoperative outcomes. We find that very few

patients require reoperation for asymmetry or poor aes-

thetic results. Advantages of oncoplastic surgery include

decreased complication rates when compared to mastec-

tomy with breast reconstruction especially for our growing

obese population [13, 53, 54••]. Oncoplastic surgery has

not been found to delay adjuvant treatments or decrease

sensitivity of postoperative surveillance [56, 57, 70].

Additionally, re-excision of positive margins is reportedly

low at 3.5–5% supporting the potential for improved sur-

gical margins and safety [11••, 13, 55]. Importantly,

oncoplastic surgery has not been found to increase the risk

of cancer recurrence [11••, 13, 14, 80, 81]. Finally,

oncoplastic reconstruction offers many patients an option

for breast conservation with reasonable aesthetic outcomes,

including those with large tumors or even multifocal dis-

ease, which traditionally would be treated with mastectomy

[82].

Based on current evidence we strongly recommend that

all patients considering breast conservation surgery should

be offered a consultation with a plastic surgeon to review

their reconstructive options. Continued advancement in

surgical techniques will likely expand future options to

optimize patient safety, outcomes, and satisfaction.
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