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Preface to “Updates in Breast Reconstruction: Review
from Evidence”

Dear Colleagues,

Breast cancer treatment has changed dramatically in the last 50 years. The advancement
of technologies and better patient management have made new strategies possible for breast
reconstruction. Breast reconstruction is an integral part of “breast cancer treatment” in many
countries. Many techniques have been introduced, and all of them have strengths and weaknesses
that should be carefully investigated.

Furthermore, there is concern about different levels of access to the most advanced and
expensive treatments for breast reconstruction due to social disparities.

The use of biomaterials, such as acellular dermal matrices, and microsurgical reconstruction
represent a burden on health systems and are not accessible to everyone.

The final step of breast reconstruction is the nipple—areola complex reconstruction; this is a very
important surgical procedure, for which many techniques have been described.

We believe that clarity is needed on these topics, based on scientific evidence. This Special Issue

aims to capture the experience of world-class experts in breast cancer reconstruction.

Andrea Sisti, Roberto Cuomo
Editors
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Submuscular and Pre-pectoral ADM Assisted
Immediate Breast Reconstruction: A
Literature Review

Roberto Cuomo

Santa Maria Alle Scotte Hospital, Plastic and Reconstructive Surgery Unit, Department of Medicine,
Surgery and Neuroscience, University of Siena, Mario Bracci Street, 53100 Siena, Italy;
robertocuomo@outlook.com

Received: 7 April 2020; Accepted: 23 May 2020; Published: 26 May 2020

Abstract: Background and objectives: Breast cancer treatment has deeply changed in the last fifty years.
Acellular dermal matrices (ADMs) were introduced for breast reconstruction, with encouraging
results, but with conflicting reports too. The present paper aims to summarize the current data
on breast reconstruction using acellular dermal matrices. Materials and Methods: We reviewed the
literature regarding the use of ADM-assisted implant-based breast reconstruction. Results: The main
techniques were analyzed and described. Conclusions: Several authors have recently reported positive
results. Nevertheless, an increased complications’ rate has been reported by other authors. Higher
cost compared to not-ADM-assisted breast reconstruction is another concern.

Keywords: acellular dermal matrix; ADM; breast reconstruction; pre-pectoral; submuscular

1. Introduction

The use of acellular dermal matrix (ADM) for breast reconstruction was described by Salzberg in
2006 [1] and by Dieterich in 2015 [2,3]. Acellular dermal matrices (ADMs) are made from fetal bovine,
porcine or human cadaver and represent a sort of scaffold that autologous cells can colonize [4,5].

Immediate breast reconstruction (IBR) received an important boost in popularity as a consequence
of the advent of ADMs [2,6-19]. The use of ADMs showed encouraging results but conflicting reports
as well [20—-42]. ADMs-assisted breast reconstruction can be divided into pre-pectoral and submuscular.
The present narrative review summarizes the current evidences on immediate breast reconstruction
using ADM.

2. Materials and Methods

We performed a review of literature, starting from 2006, by searching on PubMed “acellular dermal
matrix” and “breast reconstruction”, focusing on surgical techniques, outcomes and complications’
rate, in order to better understand the evidences on this topic.

3. Results

3.1. Acellular Dermal Matrix (ADM) and Breast Reconstruction

Immediate breast reconstruction (IBR) has radically changed the concept of breast cancer to
the extent that a patient admitted to surgery for breast cancer is discharged without the impact of
breast amputation.

The main advantages of IBR can be summarized as lower costs for the healthcare system
(shorter healing time and fewer hospitalizations) and the elimination of tissue expansion time [43—47].
Despite this, several studies have reported high rates of complications linked to immediate breast
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reconstruction [2,7,48-51]. Many authors analyzed these aspects, underlining the safety of IBR and the
good outcomes reached with careful patient selection and adherence to surgical techniques [2,52-63].
IBR has similar postoperative complications to delayed breast reconstructions with tissue expander
and implant, although tissue expander/submuscular implant has been the most popular reconstruction
strategy [43,44,64-67].

The American Society of Plastic Surgeons reported the use of ADMs in about 50% of breast
reconstruction in 2012 [68], and these data were confirmed over time [69].

Recent research confirmed good outcomes for ADMs assisted IBR as underlined by
Negeborn et al. [35,70] and Carminati et al. [21], with acceptable risks of infection. This risk is higher in
obese patients [21]. Improved aesthetic outcomes following ADM use in tissue expander/implant-based
breast reconstruction was assessed by Ibrahim et al. [71]. ADM may improve breast volume, placement
and inframammary fold definition [72].

The main disadvantage of this kind of procedure is the high costs, as shown by Gravina et al. [24].
They analyzed the different characteristics of the main ADMs and their alternatives, underlining the
good aesthetic outcomes and the benefits of single-stage procedures, but these aspects are balanced
with high costs and an increased risk of infection and overall surgical complication [24].

Many authors agree that IBR received an important boost in popularity as a consequence of
the advent of AMDs [2,6-18]. ADM-assisted breast reconstruction can be divided into submuscular
and pre-pectoral.

3.2. Submuscular ADM-Assisted Breast Reconstruction

In submuscular breast reconstruction, the surgeon can place an ADM to cover the inferior pole of
the implant [73-76]. This is helpful in the following situations:

(1) The breast has a good volume, and the surgeon needs to use an implant of adequate volume
for immediate reconstruction, but the inferior pole of the implant cannot be completely covered by the
Pectoralis Major [9,10,57,77,78].

(2) To prevent the need of major elevation of muscle, reducing postoperative pain [77,79-81].

Partial muscle coverage is important to obtain a more natural shape, releasing the constriction of
the inferior aspect of pectoralis muscle but less coverage of prostheses in the lateral-inferior aspect can
occur in some cases [77,82].

Lateral control of the implant position can be obtained by using Serratus or minimizing the lateral
dissection during the mastectomy, but this may not be enough. In these cases, the use of an ADM
allows surgeons to better control the stability of the breast implant both in immediate and delayed
breast reconstruction [77,83-86].

The submuscular breast reconstruction performed using ADM to cover the lateral or the inferior
pole of neo-breast is routinely referred to as dual-plane reconstruction (see Figure 1). The most common
anti-aesthetic reports is the muscle retraction deformity; this can be avoided by suturing the ADM at
the inferior border of the muscle, from the four to eight o’clock position [77,84,87].

Lateral sutures can be used between the skin flap and the chest wall to better close the dead space
and improve the lateral contour, but the skin thickness should be carefully evaluated, in order to avoid
quilting sutures [8,64,88-92].

Many authors agree that this kind of reconstruction has excellent long-term cosmetic results;
the main unexpected event is the distortion or the movement of the implant with flexion of the muscle.
Compared to pre-pectoral reconstruction, it is less expensive and can lead to better coverage of the
upper pole of the breast. Nevertheless, it is burdened by the risk of upper migration of the implant
and more pain due to muscle detachment [2,7,77,83,89-91].



Medicina 2020, 56, 256

Figure 1. Meshed ADM used to cover the inferolateral aspect of the implant in submuscular breast
reconstruction. ADM: Acellular dermal matrix.

3.3. Pre-Pectoral ADM-Assisted Breast Reconstriction

The concept of pre-pectoral breast reconstruction (see Figure 2) can be considered as the “evolution”
of breast reconstruction in terms of “tissue sparing”: As nipple-skin sparing mastectomy for the
oncologic surgery, pre-pectoral breast reconstruction focuses on sparing the Pectoralis Major Muscle.
ADM has a key role in this kind of procedure because it wraps (at least in the front) the implant for a
complete integration in the host [93,94].

Pre-pectoral breast reconstruction was suggested in those cases where implants less than 500 cc
were requested [95]. Actually, this indication has been modified, and some authors describe pre-pectoral
breast reconstruction with implants over 600 cc [77].

Many authors choose the pre-pectoral breast reconstruction because the submuscular placement
of the implant can lead to a result described as “contrived breast” [82,91,95,96]. This aspect is relevant
and linked to a loss of muscle function; many authors, in fact, underline that patients, in particular
after tissue expansion, need physiotherapy. The muscle-spearing breast reconstruction was proposed
by many authors over time.

In 2013, Cheng proposed the treatment of capsular contracture using an ADM; he did not
perform pre-pectoral reconstruction, but removed the contracted capsule and put ADM to cover the
anterior aspect of the implant on 16 breasts. He reported only one infection by coagulase negative
Staphylococcus and Mycobacterium fortuitum [97]. The reduction of incidence in capsular contracture
using ADMs was underlined in time by Lardi et al., in 2017 [30], and confirmed by Liu et al., with a
meta-analysis in 2020 [33].

Becker et al. (2015) reported the experience on 62 breasts covering the anterior aspect of saline
implant with an ADM sutured to the muscle. The complications reported were three flap necrosis, one
seroma, one infection, one hematoma and two capsular contractures [98].

In 2017, Berna firstly proposed a complete ADM coverage of the implant [93]; the implant stability
was guaranteed by suturing the implant and its “envelope” to the muscle. On 100 reconstructions with
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this procedure, Vidya et al. underlined two hematoma, three dehiscence, one necrosis, five seromas
and two implant losses [95].

The main purpose of pre-pectoral reconstruction is to save the function of Pectoralis Major,
decreasing the postoperative pain and reducing the follow-up time. Other advantages are represented
by minor risk in the upper migration of the implant and a better breast projection [99,100].

The main disadvantages are the high costs of these devices (which are to be added to the cost of
breast implants) and the higher risk of symmastia, the rippling and an irregularity of the highest limit
of the upper pole of the breast and the high risk of seroma. Several authors suggest not removing the
drains until finding a maximum of 30cc for three consecutive days [18,77,101].

Figure 2. ADM-assisted pre-pectoral breast reconstruction with vertical scar.

The dimpling of the upper pole of the breast occurs due to the thinning of the subcutaneous tissue
and can be avoided with lipofilling [102] or leaving 1 cm of subcutaneous fat in selected cases [103] or
harvesting tissue from the muscle [104].

3.4. Complications and Outcomes

Tasoulis et al. observed that ADM-assisted breast reconstruction reduces the complications’
rate [105]. Onesti et al. observed that the use of ADM reduces the inflammatory response, along with
the likelihood of capsular contracture [36].

On the other hand, Lohmander et al. [106] observed that immediate IBR with ADM carried a risk of
implant loss equal to conventional IBR without ADM, but was associated with more adverse outcomes,
requiring surgical intervention, through an open-label, multicenter, randomized, controlled trial on 135
women. Antony et al. [107]. observed that acellular human dermis is useful in immediate tissue expander
reconstruction but can lead to an increased risk of complications (seroma and reconstructive failure).

The literature data show that the complications’ rate is similar for subcutaneous and submuscular
reconstruction ADM assisted, without statistical significance for major adverse events (explantation,
wide infections, Baker grade III or IV contracture, and complete nipple-areola complex necrosis) [22].
Overall, the most described complications for ADMs-assisted reconstruction are seroma (up to
9% of cases), explantation (up to 6.5%) and partial nipple-areola complex (NAC) necrosis (up to
5.3%) [2,37,65,83,108-112].
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In 2017, Kim and Bang linked the use of ADM and the mastectomy flap necrosis [28]. Powell-Brett
and Goh [113] reported 10.4% cases of skin necrosis in a study with ADM-assisted immediate
breast reconstruction.

This last complication should be interpreted as follows: It can occur (in some cases) for tissue
ischemia during the cancer removing and the implant. Intraoperative tools to evaluate NAC viability
can lower this complication’s rate, but these devices are expensive, time-consuming and not available
in all centers [41,114-116].

The pre-pectoral breast reconstruction is burdened by the following patient complaints: rippling
(up to 4.5%) and visible implants (4.3%). The submuscular breast reconstruction is burdened by
postoperative pain with significant impact on daily activities (5%), implant deformity and less-natural
cosmetic outcomes (until 7%) [6,93,108,117-124]. Onesti et al. suggested a modified technique in
obesity patients with large breasts, using a dermal flap to cover the ADM-implant in the pre-pectoral
plane, in order to improve the outcomes. Obesity and smoking are always linked to a higher risk of
complications [125-127].

4. Conclusions

Pre-pectoral and submuscular breast reconstruction with the use of ADMs have no significant
difference in complication rate. Particular care must be taken for seroma formation. Obesity and
smoking are linked to higher risks of complication. The cost/benefit ratio should be carefully reviewed.

Funding: This research received no external funding.

Conflicts of Interest: The author declares no conflict of interest.
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Abstract: Radiation therapy is frequently a critical component of breast cancer care but carries with it
side effects that are particularly damaging to reconstructive efforts. Autologous lipotransfer has the
ability to improve radiated skin throughout the body due to the pluripotent stem cells and multiple
growth factors transferred therein. The oncologic safety of lipotransfer to the breasts is demonstrated
in the literature and is frequently considered an adjunctive procedure for improving the aesthetic
outcomes of breast reconstruction. Using lipotransfer as an integral rather than adjunctive step in the
reconstructive process for breast cancer patients requiring radiation results in improved complication
rates equivalent to those of nonradiated breasts, expanding options in these otherwise complicated
cases. Herein, we provide a detailed review of the cellular toxicity conferred by radiotherapy and
describe at length our approach to autologous lipotransfer in radiated breasts.
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1. Introduction

Reconstruction of the breasts following the surgical management of cancer is associated with
improved quality of life, feelings of well-being, and psychosocial development [1,2]. The objective of the
reconstructive surgeon should be to offer options that facilitate these goals while minimizing potential
complications. Between 2004 and 2015, 2.4 million women were diagnosed with breast cancer [3].
Partial mastectomy was the most frequent surgical treatment and implant reconstruction was the most
common reconstructive choice [3]. Acellular dermal matrix (ADM) is utilized in approximately 50% of
breast reconstructions [4].

Radiation in the patient’s oncologic care is a well-known and well-studied risk factor for increased
complications and reconstructive failure [5,6]. Since the appropriate management of cancer frequently
requires radiation treatment (RT) to improve survival and recurrence rates, it is incumbent on the
reconstructive surgeon to identify and implement strategies to compensate for this therapy. The
traditional “gold standard” treatment for this has been the transfer of well-vascularized tissue in the
form of a pedicled or free flap to reconstruct the resultant volume loss in the radiated breast. Though
effective, these procedures may not always be available or the patient’s preferred option. Lack of access
to properly trained reconstructive microsurgeons, inexperienced hospitals, and a paucity of donor
sites impact patients’ ability to undergo these procedures. Patients may also wish to avoid procedures
with potential donor site complications, increased operative time, requisite inpatient admission, or
the longer postoperative recovery times that can be associated with these more complex surgeries.
Autologous lipotransfer is a relatively simple procedure that is being increasingly recognized as a
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strategy in the radiated patient, with mounting evidence to support its use [7-15]. Though the ideal
application of this technique remains debated in the literature, it is clearly becoming a critical and not
simply adjunctive part of the reconstructive process in irradiated patients.

2. Use of Radiation in the Breast Cancer Patient

The use of RT in breast cancer patients irrefutably improves the survival and recurrence rates
in lumpectomy and properly selected mastectomy patients [16-19]. Breast conserving therapy (BCT)
as a treatment modality uses RT as a necessary step. As such, the vast majority of these patients are
subject to RT as part of their treatment. The indications for use in mastectomy patients are expanding
as well, with some centers offering it to as much as 70% of patients [19]. Indeed, a meta-analysis by the
Early Breast Cancer Trialists Collaborative Group (EBCTCG) found improved rates for the 10-year
recurrence and 20-year mortality in doing so [17]. The number of patients who require reconstruction
and have been or will be exposed to RT is, therefore, increasing.

Irradiated tissues are associated with increased rates of surgical complication throughout the
body [20,21]. This is especially true with radiated breast reconstruction, as evidenced by the higher rates
of infection, capsular contracture, implant exposure, and overall reconstructive failure [22-38]. Though
still the most common form of reconstruction being performed today, staged expander-to-implant-based
reconstruction is especially sensitive to the unintended side effects of radiation. Interestingly, the timing
of post-mastectomy radiotherapy may have a bearing on the complication rates [30,38]. Given the
higher complication rate incurred by radiotherapy, some surgeons refuse to even offer an implant-based
procedure to women who require radiation. Patients desiring procedures to correct asymmetries,
ptosis, or macromastia following BCT can be at increased risk of complications such as delayed healing,
prolonged edema, and breast loss necessitating flap reconstruction. Despite complications, these
procedures are believed to be safe but with careful patient selection. One study found a pooled
complication rate of 50% with mastopexy or a reduction in patients who had undergone BCT with
RT [37]. Ultimately, an understanding of the harmful effect that radiation introduces to the surrounding
tissues is paramount to success when designing treatment strategies for reconstruction in these patients.

The mechanisms by which RT is so effective at shrinking tumor size and local recurrence are
the same ones that cause collateral side effects to local tissues. Radiation-induced tissue damage and
the ensuing cellular and molecular response have been well-described in the literature [39-44]. The
process occurs in three general phases: acute, latent, and late. The acute phase is thought to last from 0
to 6 months after exposure to radiation. This phase is characterized by damage to highly replicative
cell lines through the initiation of cytokine cascades, the creation of reactive oxygen species, and the
release of free radicals within the exposed cells. This property of RT is useful for causing apoptosis in
cancer cells but is equally harmful to other proliferative cell lines such as basal keratinocytes and hair
follicle stem cells. Damage to these regenerative cell lines results in the impairment of self-renewing
abilities within the skin. Fibroblasts, endothelial cells, and epidermal cells within the radiation field are
also affected, resulting in the release of a variety of molecular signals. This leads to the activation of the
coagulation cascade, as well as increased inflammation, tissue remodeling, and epithelial regeneration.
Finally, blood vessels, especially smaller arterioles and capillaries, are affected during this phase. These
vessels demonstrate increased permeability and thus tissue edema, as well as the formation of fibrin
plugs, with the resultant creation of local areas of ischemia.

The tissues proceed from the acute phase to a short latent period that is, as of yet, undefined but is
believed to begin approximately 6 months after treatment [45,46]. The late-phase reactions occur next
and can progress up to and beyond 20 years after initial exposure. The continued release of cytokines
and growth factors results in prolonged fibroblast proliferation and progressive extracellular matrix
deposition. Tissues become fibrotic, with a decrease in vascular density. These factors lead to sites
inhospitable to surgical interventions, as they are stiff and have inadequate perfusion for healing. As
such, these patients are frequently considered poor candidates for additional reconstructive procedures.
Several studies have identified expander-to-implant surgeries as being particularly susceptible to these
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negative effects [23,25]. Patients desiring some form of breast reshaping after breast conservation
therapy are equally approached with caution.

Strategies that take into account these harmful effects of radiation have been met with some
success [47-52]. This includes delaying the expander-to-implant exchange procedure for 6 months to
allow for the completion of the acute phase; using a counter incision in the IMF, thereby avoiding the
more heavily radiated mastectomy incision line; and the use of autologous lipotransfer to physiologically
reverse the harmful effects.

3. Autologous Lipotransfer to Regenerate Radiated Tissues

Though used for over 100 years to increase tissue bulk for cosmetic effect throughout the body,
autologous lipotransfer is now seen as a particularly useful technique for treating radiodermatitis [53].
The reason it is so effective in this regard appears to be due to the multipotent adipose-derived stem
cells, the adipose-derived regenerative cells transferred, and miscellaneous components of the stromal
vascular fraction of the graft. It has been observed that adipose-derived stem cells (ASC) have the
ability to regenerate new adipose tissue, ductal epithelium, and even nipple structures [54]. The
mechanism by which adipose stem cells are capable of reversing the harmful effects of radiation is an
area of active research [55]. It does appear that within radiated tissue the ASC is important, as it is
capable of thriving and even proliferating in that ischemic environment [54]. Suspected mechanisms
by which ASCs to promote the reversal of radiodermatitis are their ability to differentiate into lost cell
types and to release paracrine signals with proangiogenic and anti-fibrotic effects.

Another factor that may contribute to the proangiogenic effect seen with lipotransfer into irradiated
tissues is the inclusion of additional vessel-forming elements [56]. These include endothelial cells,
pericytes, smooth muscle cells, and their progenitors capable of forming vascular cells and blood
vessels. Experimental models transferring human fat to irradiated murine tissue has supported these
findings. Indeed, the grafted tissue was found to have a decreased dermal thickness, reduction in
collagen content, increase in vascular density, and overall improved fat graft retention.

Clinically, the beneficial effect of fat grafting in radiated patients has been demonstrated in
several studies [8-10]. This technique for ameliorating the radiodermatitis of the breast is changing
the way that reconstructive surgeons are approaching breast cancer patients. Initial concern over
the potential for cancer activation limited the use of autologous lipotransfer in the breast. Multiple
clinical studies, meta-analysis, and systematic reviews have failed to provide evidence to support this
concern. Consequently, lipofilling had been used with increasing popularity in breast reconstruction,
but typically as an adjunctive step to improve the final cosmetic result [57]. While oily cyst formation
is a notable complication in a minority of patients, lipotransfer to the breast is generally regarded as a
safe and well-tolerated procedure [58,59]. Moreover, the increased recognition of the positive effects
on radiation tissue has resulted in the development of treatment protocols that incorporate it as an
integral part of reconstructing these radiated patients.

4. Use of Autologous Lipotransfer in the Reconstruction of the Radiated Breast

Initial experience with lipotransfer in the radiated breast focused on using it to revive and
prime post mastectomy skin flaps either after the completion of reconstruction or prior to attempting
it [8,13-15]. These strategies were important for demonstrating efficacy in improving complication
and failure rates but were limited in the cosmetic results they were able to obtain, delaying the overall
time course.

Building on this, Ribuffo et al. presented 32 patients who underwent modified radical mastectomy
followed by RT [7]. The patients were reconstructed in an immedjiate fashion at the time of mastectomy
with the placement of tissue expanders in a submuscular plane. Half of the patients underwent
between 1 and 2 separate autologous lipotransfer procedures as early as 6 weeks after the completion
of radiotherapy before expander to implant exchange. They reported a 0% complication rate in their
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treatment arm and a 43% rate in the control group. Introducing lipotransfer as a separate but necessary
part of their protocol was unique, and it became a formal part of their protocol for success.

Work by Serra-Renom et al. confirmed the utility of lipotransfer in 65 of their mastectomized
irradiated patients by incorporating serial fat grafting into their protocol [9]. These patients underwent
multiple fat grafting procedures, including before and at the time of expander to implant exchange.
They found excellent clinical results with their technique. This study was limited, as the patients were
not demonstrating significant acute effects of radiation in the form of radiodermatitis, and thus the
severity of damage to the tissues was in question.

Our 3-stage lipo-approach to mastectomized irradiated patients is modeled on these previous
studies and additional best available evidence for mitigating radiotoxicity (see Scheme 1). The
hallmarks of our algorithm include the use of an ADM, maintenance of the expander in a fully inflated
position during radiation, the delay of the expander-to-implant procedure for at least 6 months after
radiotherapy completion, the use of a counter-incision at the inframammary fold (IMF) in cases of
skin-sparing mastectomy (SSM), and the performance of a separate surgery whereby autologous
fat is transferred to the radiated breast prior to the final exchange. Our algorithm is illustrated in
Scheme 1. Comparing radiated breasts to our general non-radiated population as well as within for
patients who had a bilateral mastectomy, whereby one breast was radiated and one was non-radiated,
revealed equivalent complication rates (p = 0.387 and p = 1 respectively). Table 1 outlines our patient
demographics. The clinical outcomes are detailed in Tables 2 and 3.

Now-ieradiated Group ( — Expander-to-Implant +/- Revision with

L (begin2 weeks post-op) R— Fat Grafting

(min. 4 months post-op)

Immediate TE placement
- partial submuscular plane
- ADM at inferior pole

Mastectomy
+/- LN biopsy

| r 3 Radiotherapy Protocol
Tsue Cancer side: radiate tissue with TE inflated
rradiated Group L (begin 2 weeks post-op)

Non-cancer side: deflate TE; re-inflate after RT completed

Lipotransfer to Radiated
Mastectomy Flaps
(min. 3 months post-RT)

Expander-to-Implant Exchange
(min. 3 months post-lipotransfer)

+/- Revision with Fat Grafting

Scheme 1. Treatment algorithm. LN = lymph node; TE = Tissue Expander; ADM = acellular dermal
matrix; RT = radiation treatment.

16



Medicina 2020, 56, 516

Table 1. Patient demographics and risk factors.

Total No. of Patients Non-Irradiated Irradiated ! 2
(n=131) (n1=113;86.26%)  (n = 18;13.74%) p-Value
Categorical Variables N (%)
SSM 114 (87.02) 98 (86.73) 16 (88.89) 1
NSM 17 (12.98) 15 (13.27) 2(11.11) 1
Smoking 21 (16.03) 17 (15.04) 4(22.22) 0.489
Continuous Variables Mean (SD) p-Value
Age 48.85 (10.35) 52.22 (9.51) 0.182
BMI 27.18 (7.27) 27.84 (6.47) 0.696

1 External beam radiation; doses ranged from 4600 cGy to 5040 cGy. 2 Categorical p-values were derived using
Fisher’s exact test; > continuous p-values were derived using un-paired t-tests. SSM = Skin Sparing Mastectomy;
NSM = Nipple Sparing Mastectomy; BMI = Body Mass Index.

Table 2. Patient outcomes.

Total No. of Patients Non-Irradiated Irradiated

(n = 131) (1=113;86.26%) (1= 18;13.74%) p-Value!
Categorical Variables N (%)
Complications (any) 13 (9.92) 10 (8.84) 3 (16.67) 0.387
Infection 2(153) 2(1.77) 0(0) 1
Dehiscence 5 (3.82) 3(2.65) 2 (11.11) 0.139
Reoperation 11 (8.39) 8 (7.08) 3(16.67) 0.177
Implant Failure 4(3.05) 3(2.65) 1 (5.56) 0.451
Capsular Contracture 4 (3.05) 3(2.65) 1(5.56) 0.451
1 Categorical p-values were derived using Fisher’s exact test.
Table 3. Patient outcomes of internal controls !.
Total No. of Patients Non-Irradiated Irradiated 2
(n=30) (= 15; 50%) (n = 15; 50%) p-Value
Categorical Variables N (%)
Complications (any) 5(16.67) 2(13.33) 3(20) 1
Infection 0(0) 0(0) 0(0) -
Dehiscence 3(10) 1(6.67) 2(13.33) -
Reoperation 5(16.67) 2(13.33) 3(20) -
Implant Failure 1(3.33) 0(0) 1(6.67) -
Capsular Contracture 2(6.67) 1(6.67) 1(6.67) -

! Internal controls were patients who had one radiated and one non-radiated breast. 2 Categorical p-values were
derived using Fisher’s exact test.

A subset of patients who have undergone breast conservation therapy with lumpectomy followed
by radiation desire either mastopexy or reduction to improve their postoperative appearance as well
as improve the symmetry between their treated and untreated breast. The current recommendations
are to limit offering these surgeries to carefully selected patients as long after radiation as possible. The
use of fat grafting to “prime” the skin envelope as a separate procedure prior to attempting a reduction
or a lift is an alternative strategy that has been successfully utilized in our practice (nonpublished)
with reproducible and reliable results.

4.1. Three-Step Approach in the Mastectomy Patient Requiring Post Mastectomy Radiation

In radiation-naive patients undergoing a mastectomy, the preoperative consultation includes a
discussion of the three-stage approach to implant-based reconstruction, as well as the use of autologous
flaps, should radiation be in question or required. Inherent in this approach is the use of flaps as a
salvage procedure should implant failure arise. Patients who have already undergone radiation, such
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as previous breast conservation therapy patients now suffering a recurrence, are not candidates for this
approach, and some form of autologous flap transfer is recommended.

Regardless of whether a patient would prefer flap or implant-based reconstruction, we prefer
to proceed in a delayed immediate fashion. The placement of a tissue expander at the time of the
mastectomy is therefore essential in this technique, precluding direct to implant or immediate flap
reconstruction. Though evidence for the use of this technique applies to partial submuscular expander
placement, it is currently being used for prepectoral reconstructions as well [60]. Cuomo et al. report
better aesthetic results with prepectoral reconstruction [61]. In either case, the use of an acellular
dermal matrix is considered an important part of the expander placement. The placement of this
matrix creates a plane for ease of lipotransfer that is thought to be radioprotective.

The patient undergoes serial expansions starting two weeks after the index procedure. The breast
to be radiated is expanded to the patient preference or the expander limit. On this side, we kept
the tissue expander (TE) inflated during RT, as there is growing evidence that expander deflation
leads to expander loss; skin dimpling; and the distortion of the inferior edge, leading to skin trauma
upon re-inflation. [62,63]. An emerging study has also suggested decreased toxicity to the chest wall
and underlying structures with the maintenance of TE inflation during RT [64]. In those who have
undergone bilateral mastectomy, the non-radiated side is deflated prior to radiation, as this more
effectively keeps this tissue out of the radiation field. The patient is monitored through their RT with
a clinic visit at the halfway mark and following the completion of treatment. One week after the
completion of radiation, the non-radiated breast is then easily re-inflated.

The patient is then subject to a 3-month waiting period prior to their next procedure: autologous
lipotransfer to the radiated breast. At this point, the patient is taken back to the operating room
for whole-breast fat grafting. This procedure is performed by utilizing a superwet technique for
liposuction into a revolve fat transfer harvest system. Prior to the injection of the fat, pre-tunneling is
performed within the subcutaneous space. The correct space is identified under direct visualization
through a 1 cm incision within the mastectomy scar. The avoidance of using sharp tipped instruments
is important during this step to avoid rupturing the expander. Scar tissue bands that may block the
ability to uniformly inject the fat are severed using a riveted fat harvest cannula with a saw-type motion.
The expander is then deflated by 60-100 mL to make room for the transfer of the fat. It is important to
avoid over deflation, as the fat still requires a flat plane to be placed in a string of pearls fashion.

The fat is then processed with three washes of warm lactated ringers. It is transferred from the
revolve to a 60 mL syringe, then into 3 mL syringes for transfer. The majority of the fat is injected
through the incision. If additional access sites are needed to optimize the angle of delivery, they can
be made with a 16-gauge needle while tenting the skin from the inside with a fat-grafting cannula
to protect the device. Constant motion of the syringe while injecting the fat is critical to avoid the
clumping of the fat graft and subsequent poor take. Enough fat is injected to fill the space by injecting
at least as much as the fluid removed, but not to the point of skin discoloration or the creation of an
overly taut skin envelope.

Following the completion of this step, the patient is monitored closely with weekly follow-up
visits for the 3 weeks after surgery. If additional expansion is desired, this can be attempted at 1-month
post fat grating. The patient is subject to another 3-month waiting period before their final surgery.
This is timed to optimize the chances that the lipoaspirate will positively affect the acute phase of
radiation injury while performing the surgery during the latent phase.

The patient is taken back to the operating room once more for the removal of the expander and
the placement of the final implant. In cases of skin-sparing mastectomy, a counter-incision is utilized
within the inframammary fold. Patients who have undergone a nipple-sparing mastectomy using an
IMF incision are accessed by extending the incision laterally. Any requisite capsular modifications
are able to be performed at this time to not only enhance the final shape of the reconstructed breast
but also address any contraction that had occurred as a result of radiation. The implant is introduced
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using a touch-free technique. Closure is performed in layers using a buried, monofilament dissolvable
suture. Please see patient Figures 1-3.

(a) (b)

Figure 1. (a) Prior to bilateral mastectomy and 6 weeks after attempted lumpectomy with
positive margins; (b) 10 weeks status-post bilateral mastectomy with immediate TE placement
and halfway through radiotherapy regimen, with severe radiodermatitis; (c) 22 months following
expander-to-implant exchange.

@) (b ()

Figure 2. (a) Newly diagnosed right breast cancer prior to bilateral mastectomy; (b) five months after
bilateral mastectomy with immediate TE placement and three months after radiotherapy completion,
photo taken on the day of lipotransfer surgery with markings for fat harvest from abdomen; (c) seven
months following lipotransfer to right breast and four months post expander-to-implant exchange.

(a) (b)

Figure 3. (a) Newly diagnosed left breast cancer prior to bilateral mastectomy; (b) six months after the
completion of expander-to-implant reconstruction, near normal skin coloration and character noted.
Patient previously underwent radiation of the left breast, followed three months later by lipotransfer to
irradiated side, and expander-to-implant exchange performed after three additional months.
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4.2. Two-Stage Approach to BCT Patients Desiring Oncoplastic Mastopexy or Reduction After Completion
of RT

Eligible patients typically present with severe asymmetry following the completion of their breast
conservation therapy combined with ptosis and/or macromastia. These patients are counseled on
the risks of operating in a previously radiated surgical field and the benefit of priming the tissues
with autologous lipotransfer before doing so. A two-step approach is offered, with the first procedure
consisting of a lift/reduction of the nonradiated breast and fat grafting to the radiated breast. The
mastopexy/reduction of the radiated side is performed at least 3 months later.

The fat-grafting technique is similar as for mastectomy patients, with the preferred plane of
injection remaining in the subcutaneous space. Care is taken not to inject directly into the breast tissue
for multiple reasons. The subcutaneous plane is the target of transfer, as we are trying to reverse the
negative radiation effects on those regenerative cell lines that, if damaged, will lead to increased risk
in the final breast shaping procedure. Injection into the breast tissue would not accomplish this goal
and, though not proven by data, would be more concerning from an oncologic perspective. Multiple
patients have been operated on in this manner by the primary author, with the largest complication
being persistent asymmetry that was still improved from before surgery. The technique has allowed
for a reduction in the selectivity for offering breast reshaping in previously radiated fields, as has been
recommended by previous authors.

5. Conclusions

The recognition of the regenerative properties of lipoaspirate in radiated fields is leading to the
simplification of breast reconstruction in this otherwise complicated patient population. The optimal
strategy for this requires knowledge of the harmful effects of radiation, their time course, and the
biomolecular pathways by which lipoaspirate reverses them. Though not yet fully understood, it is
clear that applying autologous lipotransfer can significantly improve breast reconstruction outcomes
in irradiated patients. The ease of these fat-grafting procedures along with their use and application
throughout the body makes them very well-known to most plastic surgeons and may be leading to
a paradigm shift in approaching the radiated breast. This has the potential to improve options and
access to reconstruction for this ever-growing patient group.
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Abstract: Surgical site infection in implant-based breast reconstruction is a complication with vari-
able incidence reported in the literature. Due to potential loss of implant and reconstruction, it
can have a strong psychological impact on patients. Background and objectives: This study aimed
primarily at analyzing the current status of the surgical site infection (SSI), (type, time of onset,
clinical presentation, pathogens and management) in patients who underwent implant-based breast
reconstruction at our Breast Unit. Secondarily, we wanted to establish whether introduction of a new,
updated evidence-based protocol for infection prevention can reduce SSI in implant-based breast
reconstruction. Materials and Methods: A single-center retrospective study was performed primarily to
evaluate the incidence and features of SSI after implant-based breast reconstruction from 2007 to 2020.
In June 2020, a protocol for prevention of SSI in implant-based breast reconstruction was introduced
in clinical practice. Secondarily, a data analysis of all patients who underwent implant-based breast
reconstruction in compliance with this protocol was performed after preliminarily assessing its effi-
cacy. Results: 756 women were evaluated after mastectomy and implant-based breast reconstruction
for breast cancer. A total of 26 surgical site infections were detected. The annual incidence of SSI
decreased over time (range 0-11.76%). Data relating to infections’ features, involved pathogens and
implemented treatments were obtained. Since the introduction of the protocol, 22 patients have
been evaluated, for a total of 29 implants. No early infections occurred. Conclusions: Surgical site
infection rates at our Breast Unit are comparable to those reported in the literature. The SSI rates
have shown a decreasing trend over the years. No SSI has occurred since the introduction of the
prevention protocol for surgical site infection in June 2020.

Keywords: breast reconstruction; implant; infection; prevention; antibiotic prophylaxis; complication

1. Introduction

Surgical site infection (SSI) is one of the most common healthcare-associated infections
(HAIs) and a major cause of increased hospital stay and mortality. SSI is a significant
surgical complication in prosthetic breast reconstruction. The incidence reported in lit-
erature ranges from less than 1% up to 43% [1-4]. This variability can be explained by
the absence of a unique definition, which could allow a diagnosis based on standardized
criteria. According to the National Nosocomial Infection Surveillance System (NNIS),
SSlis related to the surgical procedure and typically occurs within 30 days after surgery.
In the case of implant-based breast reconstruction, this interval is prolonged to one year
after surgery [5]. Three types of SSI are proposed by the Centers for Disease Control and
Prevention (CDC): superficial incisional, deep incisional and organ and space SSI.

The clinical diagnosis of SSI is made by observing the classic signs of inflammation,
(redness, delayed healing, fever, pain, tenderness, warmth, or swelling).
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The risks for SSIs after the placement of prosthetic implants are multiple and have
been extensively investigated [6-11]. They are related to the patient (age, smoking, obesity,
diabetes mellitus, immunosuppression, presence of simultaneous infections or bacterial
colonization, etc.) or to the surgical procedure (pre-operative shower and skin prepara-
tion, duration and repetition of hand washing, skin antisepsis, operative time, antibiotic
prophylaxis, sterilization of surgical instruments, use of prosthetic material, drainage,
intra-operative hypothermia, etc.)

SSI risk assessment is based on the National Healthcare Safety Network (NHSN)
risk index [12], consisting of three equally weighted factors: the American Society of
Anesthesiologists (ASA) score (3, 4, or 5), wound classification (contaminated or dirty), and
operative time in minutes (>75th percentile). Each risk factor represents 1 point; thus, the
NHSN SSI risk index ranges from 0 (lowest risk) to 3 (greatest risk).

The most frequently isolated pathogens in surgical site infections are S. aureus and
Coagulase-negative staphylococci. However, the number of infectious complications due
to multi-drug resistant (MDR) microorganisms is increasing, and the isolation of these
pathogens in biological materials is associated with poor clinical outcomes. Among the
multi-drug resistant (MDR) microorganisms, the most common ones include Methicillin-
resistant S. aureus (MRSA), Streptococcus, and Gram-negative bacteria, such as
Pseudomonas [13]. It has been shown that a large proportion of SSIs originate from the
patients” own flora. Nasal carriage of S. aureus is now considered a well-defined risk factor
for subsequent infection in various groups of patients [14,15]. Several interventional studies
have attempted to reduce the infection rates by eradicating nasal carriage (screening for
S. aureus, nasal decolonization by mupirocin, skin decontamination) [16,17].

In implant-based breast reconstruction, SSI could lead to prolonged hospitalization,
re-intervention, multiple outpatient checks, or even to the loss of the reconstruction. In-
fections in prosthetic reconstruction correlate with the increased incidence of capsular
contracture [18], one of the main indications for surgical revision.

No consensus exists regarding the duration of antibiotic prophylaxis and whether
it should be continued after surgery in the presence of a drain close to the implant or in
selected high-risk patients. A customized approach to this issue seems to be the most
appropriate; in fact, some patients with certain risk factors such as diabetes mellitus, obesity,
or low-quality mastectomy flaps can benefit from prolonged antibiotic administration [19].

The primary aim of our study is to analyze the current status of infection rates at our
institution (type of infection, timing of onset, clinical manifestations, pathogens involved,
and potential treatments) in patients undergoing prosthetic breast reconstruction. The
secondary aim is to evaluate the effectiveness of a new Prevention Protocol for SSI by
analyzing the patients’ data.

2. Materials and Methods
2.1. Retrospective Analysis

We conducted a monocentric study at the Plastic and Reconstructive Surgery Unit
of Azienda Sanitaria Universitaria Giuliano Isontina (ASUGI)—Trieste to retrospectively
review SSIs” rates and characteristics among patients undergoing prosthetic breast re-
construction (immediate direct-to-implant and two-stage tissue expander/implant breast
reconstruction) between January 2007 and June 2020.

The analyzed SSIs’ characteristics include the type of diagnosed infection, the interval
between surgery, the diagnosis of infection, the symptoms associated with infection, the
pathogens isolated from microbial cultures, and the number of revision surgeries.

2.2. Prospective Analysis

We prospectively enroll all patients undergoing implant-based breast reconstruction
from the introduction of our Prevention Protocol for SSIs (June 2020) in a prospective study
aimed at evaluation of its effectiveness.
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Prevention Protocol for SSIs involves a pre-operative phase, reported in Box 1, con-
cerning MSSA /MRSA screening (Methicillin-sensitive S. aureus); an intra-operative phase
with several advices to observe during surgery, resumed in Box 2; and antibiotic therapy
timing outlined in Box 3.

This protocol has been applied in a standardized way to all patients operated for breast
cancer and reconstructed using prosthetic implants, from June 2020 on. We considered
the type of mastectomy; the overall duration of the surgical procedure; eventual use of
acellular dermal matrices; post-operative complications; the need for revision surgeries.

Box 1. Prevention Protocol for SSIs—Pre-operative phase.

PRE-OPERATIVE PHASE
Screening for MSSA/MRSA
(up to 6 weeks prior to surgery):

- Nostrils swab
- Cutaneous (axillary and perineal) swab

Decolonization:

- Body washing with chlorhexidine 4% (daily, from 3 days before surgery)

- Intraoral washing with chlorhexidine oral rinse (on the day of surgery)

Eradication if tested positive for MSSA:

- Body washing with chlorhexidine 4% (daily, from 3 days before surgery)

- Mupirocin 2% nasal ointment (applied three times daily, from 3 days before surgery)
Eradication if tested positive for MRSA:

- Body washing with chlorhexidine 4% (daily, from 5 days before surgery)

- Mupirocin 2% nasal ointment (applied three times daily, from 5 days before surgery)

- Re-screening 48-72 h after eradication protocol *

MSSA, Methicillin-sensitive S. aureus; MRSA, Methicillin-resistant S. aureus; SSIs, surgical site
infections. * It is mandatory to have 3 negative screenings before surgery, done at a time frame
of 7 days or more after the eradication protocol, which could be administered maximum twice;
if the patient keeps being tested positive for MRSA, administer adequate intravenous antibiotic
prophylaxis before surgery and if possible, isolate the patient.

Box 2. Prevention Protocol for SSIs—Intra-operative phase.

INTRA-OPERATIVE PHASE

- Surgical hand preparation with antimicrobial soap and water or alcohol-based hand rub
before donning sterile gloves

- Preparation of the skin prior to draping using 2% chlorhexidine with 70% isopropyl alcohol

- Perform careful atraumatic pocket dissection and careful haemostasis

- Change surgical gloves every 60" to 90" and before handling implants

- Perform pocket irrigation *

- Minimize implant open time to reduce contamination

- Use a “minimal or no-touch” technique where possible

- Use closed suction drains to reduce hematoma or seroma formation in selected cases, “tunnel-
ing” them into a subcutaneous plane

- Warming devices should be used to prevent hypothermia

- Itis recommended to reduce the operating time

- Laminar airflow ventilation system

* There is a paucity of data supporting one form of washout to another. At our institution, we
perform pocket and implant washing with antiseptic antibacterial 50% betadine double-antibiotic
solution.
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Box 3. Prevention Protocol for SSIs—Antibiotic prophylaxis.

ANTIBIOTIC PROPHYLAXIS
Intravenous antibiotic prophylaxis at the time of induction, for every patient:

- Cefazolin2 g;
- OR Clindamycin 600 mg, if penicillin or cephalosporins allergies;
- Vancomycin 15 mg/kg + Gentamicin 3 mg/kg, if patient positive for MRSA

Intravenous 24-h multiple-dose antibiotic prophylaxis:

- Cefazolin 1 g q8hr;
- OR Clindamycin 600 mg g8hr, if penicillin or cephalosporins allergies;

Prolonged post-operative antibiotic prophylaxis, in high-risk patients:

- Cefalexin 500 P.O. g6hr;
- OR Clindamycin 300 mg P.O. q8hr, if penicillin or cephalosporins allergies

P.O., oral administration.

The collected data were inserted and analyzed in two different databases: the retro-
spective included patients who developed SSI between January 2007 and June 2020 and
the prospective which included patients from June to September 2020.

The data were collected and managed using Microsoft Excel (Microsoft Office 365).
Descriptive statistic was performed using IBM SPSS Version 24.

3. Results
3.1. Retrospective Amalysis

In the period between January 2007 and June 2020, a total of 756 patients underwent
surgical procedures involving prosthetic material for breast reconstruction. Twenty-six
patients were diagnosed with SSI during the first year of follow-up after surgery.

Two out of 26 were Superficial incisional SSIs (7.7%); 24 out of 26 were Deep incisional
SSIs (92.3%). No Organ or Space SSIs were reported (see Table 1).

Table 1. SSIs’ characteristics.

Variable No. (%)
SSI classification
Superficial incisional SSI 2(7.7)
Deep incisional SSI 24 (92.3)
Organ or space SSI 0(0)
SSI onset
Early 15 (57.7)
Late 11 (42.3)
Pathogens
S. aureus 7 (26.9)
S. epidermidis 8 (30.8)
Coagulase-negative staphylococci 2(7.7)
Gram-negative bacteria 5(19.3)
Actinobacteria 2(7.7)
Fungi 1(3.8)
No bacterial growth 1(3.8)
Outcome
Need for revision surgery 14 (53.8)
Only antibiotic therapy 12 (46.2)

SSI, Surgical site infection.
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Fifteen out of 26 SSIs had an early (within 30 days from surgery) onset (57.7%), 11 out
of 26 SSIs had a late (between 31 days and 1 year after surgery) onset (42.3%); the median
onset of SSI was 19 days after surgery.

Clinical signs, related to the onset of SSI, have not uniformly manifested in all
26 patients: we recorded local signs, such as redness, tenderness, warmth, or swelling in
24 out of 26 patients; fever was reported in 10 cases; purulent fluid discharge was reported
in 7 cases. Clinical signs were supported by the evidence of inflammation markers increase
C-reactive Protein (CPR) or Erythrocyte sedimentation rate (ESR) in 25 cases.

The organisms isolated from microbial cultures included: S. aureus was in 7 cases;
S. epidermidis in 8 cases; other Coagulase-negative staphylococci in 2 cases; Gram-negative
bacteria in 5 cases, Actinobacteria in two cases, and Fungi in one case. One patient had
cultures done, but with negative bacterial growth.

At first, an empiric IV antibiotic treatment with Blactam =+ inhibitor or Clindamycin
was given in all SSIs pending cultures of wound’s swab or periprosthetic fluid collection.
Later, targeted antibiotic therapy was administered: in 12 cases (46.2%), this was sufficient
to contain and resolve the infection; in the remaining 14 cases (53.8%), a revision surgery
was performed.

3.2. Preliminary Analysis after the Introduction of the Prevention Protocol for SSIs

From June 2020 to September 2020, we prospectively enrolled 22 patients. Nine
cases were bilateral. Altogether, we treated 31 breasts. In two of the bilateral cases, a
contralateral breast surgery for symmetry was performed without using implant (one
breast reduction and one mastopexy). We placed a total of 29 prosthetic devices (tissue
expanders or implants). Twelve cases were immediate breast reconstructions after mas-
tectomy, involving either tissue expander or implant; 10 cases were tissue expander (or
implant) replacements with potential contralateral breast surgery to achieve symmetry.
Mean mastectomy flap thickness in patients undergoing immediate breast reconstruc-
tion was 16.2 mm (range, 4.7 to 36.4). Three out of 12 patients had poor implant flap
coverage (flap thickness < 10 mm); 6 out of 12 had medium-thickness flap coverage (flap
thickness between 10 and 20 mm); 3 out of 12 patients had good implant flap coverage
(flap thickness > 20 mm). Mean implant (1 = 20) size was 390 cc (range, 140 to 690 cc); mean
tissue expander (1 = 9) volume was 428 cc (range, 250 to 650 cc), and mean intra-operative
inflated volume was 40% (range, 18 to 72%). More surgical details are reported in Table 2.
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Mean age at surgery was 54.9 years (range, 28 to 75 years). Most patients were
nonsmokers (90.9%). A total of 5 patients (22.7%) had risk factors such as diabetes mellitus,
obesity, or immunosuppression status; only 1 patient had previous breast radiation therapy
or postmastectomy radiation therapy. BRCA1 or BRCA2 positivity was noted in 3 patients
(13.6%) (Table 3).

Table 3. Patients” demographics.

Variable No. (%)
Mean Age 54.9
Smoking
Current smoker 2(9.1)
Nonsmoker 20 (90.9)
Comorbidities
Obesity (BMI > 30 kg/m?) 1(4.5)
DM 3(13.6)
IS) 2(9.1)
BRCA+ 3(13.6)
Previous XRT 1(4.5)
MSSA carrier 3(13.6)
MRSA carrier 0 (0)

BMI, Body Mass Index; DM, Diabetes Mellitus; BRCA, Breast-Related Cancer Antigens; XRT, Radiation therapy;
IS, Immunosuppression status; MSSA, Methicillin-sensitive S. aureus; MRSA, Methicillin-resistant S. aureus.

Three out of 22 patients (13.6%) tested positive for MSSA (1 patient was nasal carrier,
1 patient was cutaneous carrier, 1 was both nasal and cutaneous carrier) and underwent
eradication treatment. No patients in the study tested positive for MRSA.

The mean follow-up period was 85.4 days (range, 33 to 129). At the moment, none of
the enrolled patients had early post-operative SSIs.

Table 4 reports infection rates (%) from 2007 to 2020: it shows how the (early) infection
rates dropped to 0% after the introduction of the Prevention Protocol for SSIs in June 2020.
The results of late SSI for the year 2020 at this moment are unavailable.

Table 4. Infection rates.

Year SSI (n) Patients (n) SSI %
2007 0 21 0
2008 0 17 0
2009 2 18 11.11
2010 2 17 11.76
2011 1 33 3.03
2012 4 56 7.14
2013 3 56 5.36
2014 2 48 417
2015 3 67 4.48
2016 1 76 1.32
2017 3 94 3.19
2018 2 105 1.90
2019 2 101 1.98
January-May 2020 1 47 213
June-September 2020 0 22 0

Table 4. Surgical site infection (SSI) rates. Please note that the infection rate for the year 2020 considers only early
surgical site infections. Highlighted in bold is the period from June to September 2020 related to the introduction
of the Prevention Protocol for SSIs.

4. Discussion

Surgical site infection (SSI) is one of the most common healthcare-associated infections
(HAISs). SSI is a significant surgical complication in prosthetic breast reconstruction as it
may lead to a longer hospital stay with increasing costs for the national health system. For
the patient, it is a devastating complication when it ends with the loss of reconstruction.
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There is a lack of evidence-based benefits of SSI prevention strategies in implant-based
breast reconstruction. Breast implant infection rates reported in the literature range from
less than 1% up to 43% [1-4]. This variability can be explained in part by the lack of a
standardized definition. Moreover, infection rates are not always well documented. All
these make performing of sufficiently powered studies to provide meaningful results
difficult.

Over the years, different techniques have been introduced in order to improve aes-
thetic and functional results in breast reconstruction. The use of prosthetic breast recon-
struction has risen significantly, becoming the most frequent choice [20,21].

Patients undergoing implant-based breast reconstruction are subject to a range of
infection prevention measures which are not standardized across institutions or countries.
Actions to reduce SSIs have varying degrees of evidence for their efficacy, ranging from
expert opinion to randomized trials, and are extremely debated.

Not unexpectedly, many hot topics and controversies in this field have emerged,
including antibiotic prophylaxis, management of implant and pocket, early treatment of
SSIL

Our study aimed to compare the infection rates related to implant-based breast recon-
struction carried out at the Plastic and Reconstructive Surgery Unit of ASUGI—Trieste to
those reported in the literature.

We reported a decreasing trend in SSIs’ rate over time (range, 0% to 11.76%). Since
the introduction of the Prevention Protocol for SSIs in June 2020, no case of early infection
occurred among patients undergoing implant-based breast reconstruction was noticed.
Late infections require a one-year follow-up, so the results of the prospective study cannot
be compared to the retrospective ones.

However, we remain confident that the decreasing trend of infection rate could con-
tinue and stand as close as possible to zero.

Our study reports 2 Superficial incisional SSIs (7.7%), 24 Deep incisional SSIs (92.3%),
and no Organ or Space SSI. This trend reflects what has been reported in most of the studies
and points out how SSIs related to prosthetic breast reconstruction rarely involve any area
of the body other than skin, muscle, and surrounding tissue involved in the surgery [12].

Most early SSIs and implant failures are associated with endogenous skin flora that
colonize the nipple, including S. aureus, streptococci, and lactobacilli species [13]. Our
findings support this data, as we frequently isolated staphylococci from microbial cultures;
S. aureus was identified in 7 cases; S. epidermidis in 8 cases; and other Coagulase-negative
staphylococci in 2 cases.

Although most SSIs are generally thought to occur within a month, some occur
later, even after many years [22,23]. We reported 42.3% of SSIs with late onset, occurring
between 31 days to 1 year after surgery. We agree with Sinha et al. who, in 2017, showed,
in a prospective multi-center trial, that 47-71% of total SSI complications occur as late
infections and criticized data collection limited to a 30 day period following surgery, which
significantly underestimates the risk of actual SSI in implant-based reconstructions [24].

The clinical spectrum of breast implant infection is highly variable. In our series,
clinical signs have not uniformly manifested in all 26 cases: we recorded local signs, such
as redness, tenderness, warmth, or swelling in 24 out of 26 patients; fever was reported in
10 cases; and purulent fluid discharge in 7 cases. Clinical signs were supported by a raise
of the inflammation markers (CRP or ESR) in 25 cases.

The management of breast implant infection often involves tissue expander or implant
removal and targeted intravenous antibiotic therapy for up to two weeks for common
infections. Positioning of a new implant following removal can be attempted within
3-6 months, although this may not be possible in cases involving chest wall radiotherapy.
In order to attempt salvage of prosthetic reconstruction, systemic antibiotics without
implant removal may be successful in a subset of patients with mild SSIs [25,26].

SSIs in our series were managed in the first instance with empiric flactam =+ inhibitor
or Clindamycin IV antibiotics treatment pending cultures of wound’s swab or periprosthetic
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fluid collection. Later, targeted antibiotic therapy was administered. Our data showed a
46.2% prosthesis salvage rate for SSIs that were treated with parenteral antibiotics only.
Our salvage rate is comparable to those reported by other authors who have employed
both surgical and medical treatments [27-29].

New antimicrobials, lipoglycopeptides, like dalbavancin, are long-acting antibiotics
with potential for less frequent administration [30].

Patients undergoing implant-based breast reconstruction are exposed to a range of
pre-operative, intra-operative, and post-operative prevention measures which are not
standardized across institutions or countries, and which have varying degrees of evidence
for their efficacy, ranging from expert opinion to randomized trials.

We created a standardized protocol for prevention of SSIs, based on international
guidelines and evidence reported in the literature. We believe that it could be the starting
point for further studies in the field of breast reconstruction. Only by creating a common
pathway with standardized pre, intra and postoperative steps, we can study large popula-
tions, allowing more robust statistical analysis of complications and outcomes in breast
reconstruction surgery.

Regarding the pre-operative management, MSSA and MRSA screening with appro-
priate treatment of carriers before surgery is recommended by several studies. General
population carriage rates for S. Aureus are as high as 37.2%, and a carrier has a 7.1 relative
risk of subsequently developing a related infection [14]. Our preliminary data show 13.6%
MSSA carriage rate. Each patient underwent eradication treatment before surgery. No
patients in the study tested positive for MRSA. Clearly, considering the commitment that
requires a screening path, both in terms of personnel and materials, periodic revaluations
will be necessary for a cost-benefit analysis, also based on the local prevalence of S. Aureus.

The retrospective nature of the analysis that was performed on infection rates at our
institution has not allowed us to thoroughly analyze the risk factors involved. However,
the data collection form that we have introduced along with the prevention protocol for
SSIs will allow us to prospectively study the potential risk factors for each complication
related to implant-based reconstruction.

Among these complications, SSI can cause devastating reconstructive failures in
implant-based breast reconstructions; for this reason, the need for antibiotic prophylaxis
remains one of the most debated topics. There is no consensus regarding the right duration
of antibiotic prophylaxis after implant-based reconstruction, and whether it should be
continued after surgery in the presence of a drain into the implant pocket or in selected
high-risk patients (e.g., patients who had diabetes or recent radiation therapy).

Developing our protocol, we reviewed international guidelines [31,32], systematic
reviews, and studies with high levels of evidence [17,33—41]. Prior to June 2020, all patients
were subjected to prolonged antibiotic administration until drains removal. From June
2020, to all patients undergoing implant-based breast reconstruction we administered
antibiotic prophylaxis extended to 24 h or longer in those patients deemed “high risk” for
SSI, and as already pointed out, no case of infection occurred among them.

In clinical practice, there is a lack of standardization in terms of pre-, intra-, and
post-operative care for patients undergoing implant-based breast reconstruction. Our new
protocol shows excellent preliminary results in term of infection prevention.

Despite the limited sample size and relatively short prospective follow-up period not
allowing for a statistically significant analysis of its effectiveness, the preliminary data,
showing absence of early SSIs, could potentially lead to a decreasing trend also of late
infection rates.

5. Conclusions

SSlis clearly a significant surgical complication in implant-based breast reconstruction
as it may lead to a longer hospital stay with increasing costs for the national health system,
and it may result in the loss of reconstruction, a potentially devastating complication for
the patient.
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Infection rates at our institution are comparable to those reported in the literature
and show a decreasing trend over time. Additionally, since the introduction of the Pre-
vention Protocol for SSIs in June 2020, no cases of infection were reported among patients
undergoing implant-based breast reconstruction. As mentioned above, despite the limited
sample size and relatively short prospective follow-up period not allowing for a statistically
significant analysis of the effectiveness of this protocol, the preliminary data, with absence
of early SSIs, could show a promising decreasing trend also of late SSI infection rates. We
further believe that creation of a common shared pathway, with standardized pre-, intra-,
and post-operative steps, represents the cornerstone for a valid and efficient treatment
for the patient; moreover, it is also the starting point to carry out more robust analysis of
complications and outcomes in implant-based breast reconstruction.
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Abstract: Background and objectives: There is no consensus regarding accurate methods for assessing the
size of the implant required for achieving symmetry in direct-to-implant (DTI) breast reconstruction.
The purpose of this study was to determine whether the ideal implant size could be estimated
using 3D breast volume or mastectomy specimen weight, and to compare prediction performances
between the two variables. Materials and Methods: Patients who underwent immediate DTI breast
reconstruction from August 2017 to April 2020 were included in this study. Breast volumes were
measured using 3D surface imaging preoperatively and at postoperative three months. Ideal implant
size was calculated by correcting the used implant volume by the observed postoperative asymmetry
in 3D surface imaging. Prediction models using mastectomy weight or 3D volume were made to
predict the ideal implant volume. The prediction performance was compared between the models.
Results: A total of 56 patients were included in the analysis. In correlation analysis, the volume of
the implant used was significantly correlated with the mastectomy specimen weight (R2 = 0.810)
and the healthy breast volume (R2 = 0.880). The mean ideal implant volume was 278 + 123 cc.
The prediction model was developed using the healthy breast volume: Implant volume (cc) = healthy
breast volume x 0.78 + 26 cc (R2 = 0.900). The prediction model for the ideal implant size using
the 3D volume showed better prediction performance than that of using the mastectomy specimen
weight (R2 = 0.900 vs 0.759, p < 0.001). Conclusions: The 3D volume of the healthy breast is a more
reliable predictor than mastectomy specimen weight to estimate the ideal implant size. The estimation
formula obtained in this study may assist in the selection of the ideal implant size in unilateral DTI
breast reconstruction.

Keywords: 3D breast volume; direct-to-implant breast reconstruction; estimation of ideal implant size

1. Introduction

Nipple sparing mastectomy (NSM) and direct-to-implant (DTI) breast reconstruction have been
gaining popularity because it is oncologically safe, requires less surgery and fewer visits, and is more
cost-effective than two-stage expander/implant reconstruction [1-3]. Surgeons choose the implants
considering the weight of the resected breast tissue, the patient anatomy as assessed by subjective
linear measurements, the surgeon’s experience, and the availability of implants. However, linear
measurements including the height, width, and projection of the breasts are insufficient to describe
the breast shape and size accurately, and small measurement discrepancies may lead to variations
in volumetric implant size estimation and potentially unacceptable asymmetry. Although various
methods have been developed, there is no universally accepted standard method for determining
breast volume and for choosing the optimal implant size for breast reconstruction.
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In the last decade, advances in 3-dimensional surface imaging have produced techniques for
handling vast data formats efficiently and generating precise 3-dimensional surface images [4-6].
The breast volume can be measured preoperatively using 3D surface imaging, and the 3D volumes
are known to be significantly correlated with the mastectomy specimen weight [7]. Similar to the
mastectomy specimen weight, the preoperative 3D volume of the breasts can assist the surgeon in
calculating the ideal volume of the implant. However, there have been no guidelines developed
regarding how to estimate ideal implant volume using 3D volume data of the breast. The purpose of
this study was to determine whether the ideal implant size could be estimated using 3-dimensional
breast volume or mastectomy specimen weight, and to compare prediction performances between
these two variables.

2. Materials and Methods

2.1. Study Population and Data Collection

The study was conducted in accordance with the Declaration of Helsinki, and the protocol
was approved by the institutional review board of Ewha Womans University Mokdong Hospital
(No. 2020-07-046). Prospectively recorded data from consecutive patients who underwent immediate
unilateral DTI reconstruction at a single institution between August 2017 and April 2020 were
retrospectively reviewed. Patients who underwent bilateral breast reconstruction, simultaneous
contralateral augmentation/reduction surgery, previous surgery on the affected breast side, and patients
with incomplete records were excluded. Data on patient demographics, surgical procedures,
mastectomy specimen weight, and implant size used were collected. Breast volumes were measured
using 3D surface imaging preoperatively and at postoperative three months. The primary outcome
was the ideal implant size, which was calculated by correcting the used implant volume by the
observed postoperative asymmetry in 3D surface imaging. The independent variables were either the
mastectomy specimen weight or the preoperative 3D volume of the healthy breast.

2.2. Method for 3-Dimensional Surface Imaging and Volume Extraction

Volumetric assessment of the breast was obtained using a Crisalix 3D® imaging scan (Crisalix,
Lausanne, Switzerland). The Crisalix system is a cloud-based, 3-dimensional simulation program.
3D surface scanning was performed using a 3D sensor attached to a portable tablet to scan the patient’s
front and both sides in a standing position. The total time for each individual scan was a few seconds,
and the total procedure time, including marking of breast landmarks, takes less than 10 s. All 3D scans
were performed with the patient in the same position. Patients were scanned in a standing position
with the back of the feet and the shoulders touching the wall, and arms abducted with both wrists
placed on the hips of the patients.

Data from the 3-dimensional scan are uploaded and merged to generate a 3-dimensional surface
image, which is then rendered. This software program can then generate the curvature of the simulated
chest wall and the indicated breast boundary from the torso curved to match the real body shape
and thereby calculate the volume of the 3D breast image [8]. After completing the 3-dimensional
surface image, the volume of the breast soft tissue was measured with consideration of 3 mm skin
thickness (Figure 1). Postoperatively, the 3D surface imaging was repeated to compare the volumes of
the reconstructed and healthy breasts at three months postoperative follow-up using the same protocol.
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Figure 1. A case example of preoperative 3-D volumes of the breasts. (a) Anterior view. (b) Cephalic to
caudal view. (c¢) Caudal to cephalic view.

2.3. Reconstruction after Nipple-Sparing Mastectomy

Oncologic surgeons performed the mastectomy, and the senior author (K.J.W.) performed all
reconstructions. The implant size and type were determined by the surgeon considering the patient’s
breast dimensions, contralateral breast volume measured before surgery, and the resected mastectomy
specimen weight to achieve symmetric breasts. The size of the implant used was determined after two
or three temporary sizers were inserted and checking the breast symmetry by visual inspection and
palpation. The implants were placed in the subpectoral or prepectoral spaces. In subpectoral DTI,
an acellular dermal matrix (human cadaveric) of 6-8 X 16-18 cm size was used for inferior and lateral
support and implant coverage. In prepectoral DTI, a 16 x 16 cm or 18 x 18 cm acellular dermal matrix
was used to cover the implant.

2.4. Calculation of Ideal Implant Size

Because the implants used were not always the ideal size for symmetry in unilateral DTT breast
reconstructions, an ideal implant size was calculated by correcting the used implant volume by the
observed postoperative asymmetry in 3D surface imaging. The ideal implant volume = Inserted
implant volume — 3 x (Surgical side breast volume — Contralateral side breast volume measured
postoperatively at three months after surgery). The 3 was the slope of the linear regression model
that was obtained using the preoperative breast volume as an independent variable and the inserted
implant volume as the dependent variable. If the § was 0.7, a 100 cc increase of the breast volume
resulted in a 70 cc increase of the implant volume in the linear regression model.

2.5. Statistical Analysis

The mean with standard deviation or median with interquartile range were used to summarize
continuous variables based on the distribution of the data. Pearson correlation coefficients between
implant size and morphological factors, including mastectomy specimen weight and healthy breast
volume, were first examined to determine the most suitable references for implant size choice.
Linear regression analysis was performed to develop formulas predicting the optimal inserted
implant volume.

After calculation of the ideal implant sizes, linear regression models were used to develop formulas
to predict the ideal implant volume for symmetry using mastectomy specimen weight and preoperative
healthy breast volume as predictor variables. The prediction performances using the two predictor
variables were compared. Residual analysis was performed to assess the appropriateness of the linear
regression model. The statistical significance was determined by p < 0.05. All analyses were performed
using SPSS version 23.0 (SPSS Inc., Chicago, IL, USA).
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3. Results

3.1. Patient Demographics and Operative Data

A total of 56 patients undergoing immediate unilateral DTI reconstruction were included in
the analysis. The patients’ mean age was 47.95 + 8.44 years (IQR, 43.5-52.3) with a mean BMI of
22.77 + 2.50 kg/m? (IQR, 20.92-24.25). Nipple-sparing mastectomy was performed in 85.7% (48
of 56 patients), and skin-sparing mastectomy was performed in the remaining cases. Prepectoral
placement of the implant was performed in 46.4%, and subpectoral placement was performed in 53.6%.
The mean preoperative volume of the affected breast was 318 + 154 cc (IQR, 194-408) and that of the
contralateral unaffected breast was 323 + 150 cc (IQR, 203-380). The mean mastectomy specimen
weight was 287 + 128 g (IQR, 181-348) and the mean volume of inserted implant was 288 + 107 cc
(IQR, 200-375) (Table 1).

Table 1. Clinical and surgical characteristics.

No. of patients 56
Age, mean + SD, yr 4795 + 8.44
BMI, mean =+ SD, kg/m? 22.77 + 2.50
Cancer laterality
No. of right (%) 35 (62.5)
No. of left (%) 21 67.5)
Mastectomy type
No. of nipple-sparing (%) 48 (85.7)
No. of skin-sparing (%) 8(14.3
Mastectomy specimen weight, mean + SD, g 287.6 +128.2
Inserted implant volume, mean + SD, cc 287.5 +107.0
Inserted ADM size, mean + SD, cm? 204.0 + 82.9
Preoperative volume of the breasts
Pre-operative volume of affected breast, mean + SD, cc 317.6 +154.3
. 322.9 +150.0
= +
Postoperative volume of the breasts
Post-operative volume of affected breast, mean + SD, cc 336.8 +147.8
321.2 £ 161.1

- i t. mean + SD, cc
SD, standard deviation; BMI, body mass index; ADM, acellular dermal matrix.

In the analysis of preoperative 3D volume of the healthy and affected breasts, mean volume
differences of the breasts were 49.5 + 39.8 cc (IQR, 23.0-76.0 cc) (Figure 2). The mean percentage of
volume differences was 15.8 + 13.4% (IQR, 8.5-23.1%), and 32.1% of the patients (18 of 56) had over
20% volume differences between the healthy and affected breasts.

3.2. Prediction Model for the Inserted Implant Volume

The Pearson correlation coefficient of the mastectomy specimen weight was 0.900 (p < 0.001).
In the linear regression analysis, a prediction model was developed (Figure 3).

1. Inserted implant volume = 0.75 X mastectomy specimen weight (g) + 72 cc (R2 = 81.0%, p < 0.001).

The Pearson correlation coefficient of the healthy breast volume was 0.938 (p < 0.001). In the linear
regression analysis, the inserted implant volume was better estimated with the model using healthy
breast volume.
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2. Inserted implant volume = 0.66 X healthy breast volume + 71 cc (R2 = 88.0%, p < 0.001).

The results of the residual analysis satisfied the assumptions of the linear regression models.

Preoperative volume differences of the breasts
(mean: 49.5 £ 39.8 cc)
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Figure 2. (a) Preoperative volume differences of the breasts. (b) Percentage of preoperative volume
differences of the breasts. The percentage of volume differences were calculated by (1-reconstruction
side breast volume/healthy breast volume) x 100.
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Figure 3. Predication model for inserted implant. (a) Scatterplot and the linear regression model using
mastectomy specimen weight as a predictor variable. (b) Scatterplot and the linear regression model
using 3-D volume of healthy breast as a predictor variable.

3.3. Prediction Model for Ideal Implant Volume

Because the inserted implant volume could not be considered as an ideal implant volume for
symmetry, ideal implant volume was calculated by comparing the postoperative volumes of both
breasts. The mean volume of the ideal implant size was 278 + 123 cc (IQR, 181-338 cc). The prediction
model of an ideal implant volume was as follows (Figure 4).
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Figure 4. Predication model for ideal implant. Scatterplot and the linear regression model using 3-D
volume of healthy breast as a predictor variable.

1.  Mastectomy specimen weight as a predictor variable.

Ideal implant volume = mastectomy specimen weight X 0.84 + 37 cc (R2 = 75.9%, p < 0.001).
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2. Healthy breast volume as a predictor variable.

Ideal implant volume = healthy breast volume X 0.78 + 25 cc (R2 = 90.0%, p < 0.001).

The results of the linear regression models showed that an ideal implant volume could be predicted
by both healthy breast volume and mastectomy specimen weight. In terms of prediction performance,
the ideal implant volume could be better estimated using the 3D volume of the healthy breast compared
to the mastectomy specimen weight (coefficient of determination = 90.0% vs. 75.9%). The results of the
residual analysis satisfied the assumptions of linear regression models.

4. Discussion

The selection of an ideal size of implant is crucial for achieving symmetry in immediate DTI breast
reconstruction. The current study demonstrated that the ideal implant size could be estimated by a
linear regression model using either mastectomy specimen weight (p < 0.001) or the 3D volume of the
healthy breast (p < 0.001). Moreover, we found that the 3D volume could predict the ideal implant size
more accurately than the mastectomy specimen weight (R2 = 0.900 vs. 0.759).

Many surgeons subjectively evaluate the breast volumes and symmetry. However, subjective
measurement of breast volume cannot be reliable and is not accurate [9]. Mastectomy specimen weight
has been proposed to be used as a reference for the selection of ideal implant size [10-13]. The density
of mastectomy specimen weight is known to be 1.06 g/mL [14]. However, the density of the breast is
different among patients because the proportions of fibro-glandular tissue and fat tissue volume of the
breast are different. The tumor itself can also change the density and weight of the affected breast.

Furthermore, innate breast asymmetry cannot be taken into account when using the mastectomy
specimen as a reference to estimate the ideal implant size. Recently, Liu et al. found that the incidence
of significant asymmetry of the breast mound was 94 percent [15]. We also found that most patients
had innate asymmetry of their breast volumes. The mean percentage of volume differences was
15.8 + 13.4% (IQR, 8.5-23.1%), and about one-third of the patients (18 of 56) had over 20% volume
differences between the healthy and affected breasts in our study. Georgiou et al. reported that the
implant size could be predicted by the mastectomy specimen weight using a linear regression model,
but there were limitations since the coefficient of determination (R2) was less that 0.5 (R = 0.66) [11].

2-dimensional images of CT or MRI and subsequent 3D reconstruction can be used for breast
volume measurement [12,16-20]. However, 3D reconstruction of the 2D images are complex and need
additional software. Moreover, it is not completely objective because boundary annotation of the breast
tissue has to be performed manually or threshold of breast tissue has to be arbitrarily determined on
the 2D images.

Recently, 3D surface imaging has gained acceptance in clinical use in breast surgery [4-6].
3D surface imaging has been used for the selection of implant size and for creating simulations for
augmentation mammoplasty [21-24]. Yip et al. reported that breast volume could be measured by 3D
surface imaging (Pearson’s correlation, R = 0.95, p < 0.001) [7]. Roostaeian et al. evaluated the accuracy
of the 3D surface imaging and reported that preoperative simulation by 3D surface imaging can predict
postoperative breast volume with more than 90% accuracy [25]. Previous studies have suggested the
potential use of 3D surface imaging for measuring the breast volume for selection of the ideal implant
size in DTI breast reconstructions. We found that the 3D volume of the healthy breast measured by 3D
surface imaging could be used for estimation of the ideal implant size. We also demonstrated that the
3D volume of the healthy breast showed better prediction performance than the mastectomy specimen
weight (coefficient of determination, R2 = 0.900 vs. 0.759). Implant size can be easily calculated by
multiplying the healthy breast volume by 0.78 and adding 25 cc (ideal implant volume = healthy breast
volume X 0.78 + 25 cc).

In order to develop a predictive model for satisfactory results after surgery, it is desirable to set the
dependent variable as an ideal implant size rather than the inserted implant size. Most of the previous
studies developed a prediction model based on the inserted implant. However, the inserted implant
was not validated as an ideal implant size because postoperative evaluation was not performed in
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the previous studies. In the present study, we calculated the ideal implant size by correcting the
inserted implant volume using the observed postoperative asymmetry in postoperative 3D surface
imaging. Pohlmann et al. also calculated the ideal implant size by simply adding or subtracting the
postoperative volume differences of both breasts [26]. However, 100 cc differences of the breast volume
do not correspond to 100 cc differences of an implant. In the analysis of our data using inserted implant
size and 3D breast volume, beta was 0.66 (R2 = 88.0%, p < 0.001). The results suggested that a 100 cc
difference corresponded to 66 cc of implant. Therefore, multiplying beta by the postoperative volume
difference would be better for calculation of the ideal implant size.

One of significant findings of our study was that the beta values of the prediction model using 3D
breast volume (0.78) and mastectomy specimen weight (0.84) were both less than 1. This result suggests
that the ideal implant size should be smaller than the 3D breast volume or mastectomy specimen
weight except when the breast size is small (<200 cc) (Figure 5). According to our prediction model,
difference between ideal implant volume and 3-D volume of the healthy breast (or mastectomy weight)
becomes larger as the breast size increases. This would be true because extent of oncologic resection is
usually larger than the dimensions of the implant. In this case, the inserted implant makes central
portions of the breast mound without covering peripheral area of the mastectomy defect. Similar with
our study, Back et al. reported that long-term patient satisfaction was highest in a patient group whose
implant volume to mastectomy specimen weight was 71.9% [10].

@ ()

Figure 5. A case example of pre and postoperative 3-D volumes of the breasts. (a) Preoperative 3-D
image. A 41-year-old woman with a diagnosis of left breast cancer. The volume of both breasts was
276 cc and 308 cc. The resected mastectomy specimen weight was 252 g and the inserted implant size
was 275 cc. The operation was performed through periareolar incision, and the implant was inserted
into the subpectoral plane. (b) Postoperative 3-D image. The volume of both breasts after three months
of surgery was 276 cc and 302 cc. The volume on the reconstruction side was 9.4% larger.
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Considering that our retrospective data set was relatively small, and the developed formulas have
not been fully tested, the generalizability of these two formulas may requires more testing, especially
in different populations. However, a relatively high coefficient of determination (R2 = 0.90) could
be obtained with statistical significance. The coefficient of determination in our prediction model
(R2 = 0.90) was higher than that of previous studies [11,13,26]. In terms of selection of the ideal implant
in unilateral DTI breast reconstruction, implant volume is not the only factor to be considered for
breast symmetry. Other various factors including breast width, breast height, projection, upper pole
fullness, and degree of ptosis need to be considered together for the ideal implant volume for symmetry.
Additionally, the size of the acellular dermal matrix influences the final volume of the reconstructed
breast. The thickness and dimensions of the acellular dermal matrix should be considered, especially
in prepectoral DTIL, in which the implant is covered 360 degrees with the acellular dermal matrix.

5. Conclusions

Healthy breast volume measured by 3D surface imaging is a more accurate predictor than
mastectomy specimen weight to estimate the implant volume for symmetry in DTI breast reconstruction.
The estimation formula obtained in this study may assist in the selection of ideal implant size in
unilateral DTT breast reconstruction.
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Abstract: Background and Objectives: Patients undergoing mastectomy and implant-based breast
reconstruction have significant acute postsurgical pain. The purpose of this study was to examine
the efficacy of intercostal nerve blocks (ICNBs) for reducing pain after direct-to-implant (DTI) breast
reconstruction. Materials and Methods: Between January 2019 and March 2020, patients who underwent
immediate DTI breast reconstruction were included in this study. The patients were divided into the
ICNB or control group. In the ICNB group, 4 cc of 0.2% ropivacaine was injected intraoperatively to
the second, third, fourth, and fifth intercostal spaces just before implant insertion. The daily average
and maximum visual analogue scale (VAS) scores were recorded by the patient from operative day to
postoperative day (POD) seven. Pain scores were compared between the ICNB and control groups
and analyzed according to the insertion plane of implants. Results: A total of 67 patients with a mean
age of 47.9 years were included; 31 patients received ICNBs and 36 patients did not receive ICNBs.
There were no complications related to ICNBs reported. The ICNB group showed a significantly lower
median with an average VAS score on the operative day (4 versus 6, p = 0.047), lower maximum VAS
scores on the operative day (5 versus 7.5, p = 0.030), and POD 1 (4 versus 6, p = 0.030) as compared
with the control group. Among patients who underwent subpectoral reconstruction, the ICNB group
showed a significantly lower median with an average VAS score on the operative day (4 versus 7,
p = 0.005), lower maximum VAS scores on the operative day (4.5 versus 8, p = 0.004), and POD 1
(4 versus 6, p = 0.009), whereas no significant differences were observed among those who underwent
pre-pectoral reconstruction. Conclusions: Intraoperative ICNBs can effectively reduce immediate
postoperative pain in subpectoral DTI breast reconstruction; however, it may not be effective in
pre-pectoral DTI reconstruction.

Keywords: intercostal nerve block; postoperative pain; pain control; direct-to-implant breast
reconstruction; prosthesis; implant

1. Introduction

The adequate management of immediate postoperative pain after breast surgery is important for
improving patients” well-being in the immediate postoperative period and for reducing pain-induced
restriction of movement predisposing patients to poor recovery [1]. Inadequate management of pain in
the immediate postoperative period affects patients’ life quality and can also have severe consequences
such as chronic postoperative pain [2-5]. The incidence of chronic postoperative pain after mastectomy
and breast reconstruction has been reported in up to 50% of patients [6-8].
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The management of immediate postoperative pain includes the use of intravenous analgesics,
botulinum toxin, glucocorticoids, muscle relaxers, nonsteroidal agents, indwelling pain catheters,
paravertebral nerve blocks, and intercostal nerve blocks (ICNBs) [1,4]. Among them, ICNBs were
introduced in mastectomy by McCann [9] as an adjunctive to general anesthesia, and the use of ICNBs
has been reported to be a safe and effective method to manage immediate postoperative pain in patients
undergoing tissue expander reconstruction [1] and augmentation mammoplasty [10,11]. ICNBs can be
performed in breast reconstruction under the direct vision of the intercostal spaces intraoperatively by
the operator without an anesthesiologist [1].

Direct-to-implant (DTI) breast reconstruction is one of the most recent advances in breast
reconstruction and is currently gaining popularity [12-14] due to its oncologic safety, cost effectiveness,
and aesthetic outcome [15-18]. Several studies have investigated the techniques and surgical and
aesthetic outcomes of DTI breast reconstruction; however, limited studies have examined the use of
intraoperative ICNBs with a local anesthetic for patients undergoing DTI breast reconstruction [1].
Particularly, there have been no studies that have evaluated the differences in the natural course and
management of pain according to the insertion plane of implants. The main objective of the current
study was to evaluate the efficacy of intraoperative nerve blocks using ropivacaine for postoperative
pain after DTI breast reconstruction. The secondary objective was to compare pain scores between
pre-pectoral and subpectoral DTI breast reconstruction.

2. Materials and Methods

2.1. Patient Cohort

The study was conducted in accordance with the Declaration of Helsinki, and the protocol was
approved by the institutional review board of Ewha Womans University Mokdong Hospital (no.
2020-05-01). Consecutive patients who underwent immediate unilateral DTI reconstruction with an
acellular dermal matrix at our institution between January 2019 and March 2020 were retrospectively
reviewed. Patients who were given intravenous patient-controlled analgesia (IV PCA) postoperatively
were included. Patients who had a previous breast procedure, including breast-conserving surgery
for previous malignancy, augmentation mammoplasty, mastopexy, and reduction mammoplasty, and
a history of radiation therapy were excluded from this study. A modified Charlson comorbidity
index was calculated as a summation of the overall extent of comorbidities for each patient [19,20].
Three experienced oncologic surgeons with over 10 years of experience performed the mastectomies,
and the senior author (K.-J.W.) performed all reconstruction procedures.

2.2. Surgical Technique

Single-stage breast reconstruction with silicone gel implants was performed in all nipple-sparing
mastectomy (NSM) cases and skin-sparing mastectomy (SSM) cases with minimal skin flap excisions.
Under a general anesthesia, IV fentanyl (Hana Pharm Co., Ltd., Seoul, Korea) was routinely administered
with a dose of 3 ug per kg of the patient’s body weight. For patients who could not afford a large
acellular dermal matrix, had a thin mastectomy skin flap (which can cause significant rippling),
or had compromised mastectomy skin flap perfusion, the implant was placed in the subpectoral space.
An acellular dermal matrix (human cadaveric) was used for inferior and lateral support and implant
coverage. Otherwise, implants were placed in pre-pectoral spaces and draped with a 16 x 16 cm or
18 x 18 cm acellular dermal matrix. For patients receiving nerve blocks, 4 cc of 0.2% ropivacaine
(Mitsubishi Tanabe Pharma Korea Co., Ltd., Seoul, Korea) was injected into each intercostal space
from T2 to T5 just before the placement of the implant. A syringe (10 cc) was connected to a 23-gauge
butterfly needle to check and maintain the penetration depth during injection. The needle was angled
15° cephalad, and the penetration depth was 5 mm, which was marked by a sterile tape on the needle
to achieve a consistent depth of injection as previously described [21]. Injections were given after
a surgeon confirmed that neither blood nor air was aspirated. Injection sites were the most lateral

48



Medicina 2020, 56, 325

portion of accessible 2nd to 5th intercostal spaces near the mid to anterior axillary line [1,4]. After the
placement of the implant, two closed suction drains were placed in the subpectoral and pre-pectoral
spaces for subpectoral reconstruction and in the upper and lower pole of the pre-pectoral spaces for
pre-pectoral reconstruction. Drains were removed when the drainage amount was less than 30 mL
over 24 h for two consecutive days. Patients were discharged after all of the surgical drains were
removed. Prophylactic antibiotics were administrated until drain removal.

After the surgery, fentanyl was administered intravenously according to the patient’s vital signs
or complaint of pain in the post-anesthesia care unit (PACU). An IV PCA device administering
fentanyl and ramosetron (Daiichi Sankyo Korea Co., Ltd., Seoul, Korea) was routinely used after
surgery. The IV PCA started with a total volume of 60 mL consisting of 10-12 ug fentanyl per kg
of the patient’s body weight and was continuously infused at a rate of 0.5 mL/h. The device was
set to deliver 0.5 mL boluses whenever the patient pressed the designated button. Patients were
encouraged to press the button whenever they felt pain. The IV PCA device was removed at 48 h
postoperatively, and the remaining dose was measured. After the IV PCA device was removed,
aceclofenac (100 mg) was administered orally twice daily for pain control. When the patient required
additional analgesia, pain control was augmented using IV acetaminophen, IV ketorolac, or oral
acetaminophen. For comparison, pain medications were converted to morphine equivalents to calculate
the total usage of pain medication. Morphine equivalents administered in the PACU and after the
PACU were analyzed.

Patients were educated about visual analogue scale (VAS) scores on the day before the surgery.
The daily average and maximum VAS scores were recorded by the patient using a self-recording
VAS score sheet, which was given to the patient at the time of patient education. A VAS score of
5 was defined as the degree of pain at which the patient found it difficult to sleep or rest without
additional pain control, and a VAS score of 10 was defined as pain as severe as death. Pain degree was
recorded from the operative day to postoperative day 7. The VAS score sheets were collected after
postoperative day 7 and analyzed. If patients were discharged earlier than postoperative day 7, an oral
pain medication was prescribed, and patients were asked to complete the self-recording VAS score
sheet and the sheets were retrieved at the first visit to the outpatient clinic. All patients, except two,
patients were discharged after 7 postoperative days.

2.3. Analysis

Data obtained from the chart review included postoperative PCA usage and patient-reported VAS
pain scores from the day of operation to postoperative day 7. The daily average and maximum VAS
scores were compared between the pre-pectoral reconstruction and subpectoral reconstruction groups
for patients who did not receive ICNBs to analyze the natural course of postoperative pain according
to the insertion plane of implants. To evaluate the effect of ICNBs, the daily average and maximum
VAS scores were compared between the ICNB and control groups for all patients. The subgroup
analyses were performed on the insertion plane of implants to evaluate the difference in the effect
of ICNBs between patients who underwent subpectoral reconstruction and those who underwent
pre-pectoral reconstruction.

The mean with standard deviation or median with interquartile range were used to summarize
continuous variables based on the distribution of the data, and the frequency and proportion were
used to describe categorical variables. Shapiro-Wilk tests were conducted to test normal distribution.
The clinical and operative variables were compared between the groups using two-sample t-test or
Mann-Whitney U test for continuous variables and the Chi-squared test or Fisher’s exact test for
categorical variables. The statistical significance was determined by p < 0.05. All analyses were
performed using SPSS version 23.0 (SPSS Inc., Chicago, IL, USA).
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3. Results

Among 78 patients who underwent DTI breast reconstruction after NSM or SSM in the study
period, 67 patients met the inclusion criteria and were included in this study. A total of 11 patients
were excluded as they did not use IV PCA or discontinued using it before 48 h postoperatively due to
side effects. There were no immediate nerve block-related complications observed in patients who
received intraoperative ICNBs. A total of 33 patients (49.3%) underwent DTI breast reconstruction
with pre-pectoral placement of the implant, and the remaining 34 patients (50.7%) had subpectoral
implant placement. The mean patient age was 47.91 + 8.06 years, and the mean body mass index (BMI)
was 22.63 + 2.63 kg/m?. There were no significant differences between the pre-pectoral and subpectoral
reconstruction groups in age, BMI, Charlson comorbidity index score, smoking history, previous
chemotherapy, mastectomy type, axillary lymph node management, and morphine equivalents.
The mastectomy weight was significantly higher in the subpectoral group than in the pre-pectoral
group (312.3 g versus 236.4 g, p = 0.019); however, the implant volume was not significantly different
between the two groups (325.7 mL versus 285.9 mL, p = 0.103) (Table 1).

Table 1. Clinical and surgical characteristics.

Overall Patients (n = 67) Pre-Pectoral (n =33)  Subpectoral (n = 34) P
Age, mean + SD, yr 4791 + 8.06 47.12 +8.37 48.68 +7.80 0.434*
BMI, mean =+ SD, kg/m? 22.63 +2.63 22.34 +2.63 2292 +2.64 0.377 *
Charlson comorbidity index, median +
(I0R), score 2 (2-3) 2(2-3) 2(2-3) 0.911
Smoking history, n (%) 3(4.1) 3(9.1) 0 0.114§
Preoperative chemotherapy, n (%) 6(9.0) 3(9.1) 3(8.8) >0.999 §
Mastectomy type, n (%) 0.673 8
Nipple-sparing 61 (91.0) 31 (93.9) 30 (88.2)
Skin-sparing 6(9.0) 2(6.1) 4(11.8)
Mastectomy weight, mean + SD, g 2749 +133.6 236.4 +100.7 312.3 +151.5 0.019 *
Implant volume, mean + SD, mL 306.1 +£99.8 285.9 + 85.0 325.7 +110.0 0.103 *
Axillary lymph node management, n (%) 0.701#
None 0 0 0
SLNB 56 (83.6) 27 (81.8) 29 (85.3)
ALND 11 (16.4) 6(18.2) 5(14.7)
Morphine equivalents, median (IQR), mg
PACU 3(0-5) 5(3-5) 3(0-5) 0.474 %
After the PACU 189.5 (184.5-198.75) 189.5 (184.5-198) 191.5 (184.5-199) 0.339

SD, standard deviation; BMI, body mass index; IQR, interquartile range; SLNB, sentinel lymph node biopsy; ALND,
axillary lymph node dissection; PACU, post-anesthesia care unit. * p value obtained in 2-sampled t-test. T p values
obtained in Mann-Whitney U test. ¥ p value obtained in Chi-squared test. S p values obtained in Fisher’s exact test.

The comparison of VAS scores between the pre-pectoral and subpectoral reconstruction groups
for patients who did not receive ICNBs is shown in Table 2. On the operative day, the subpectoral
reconstruction group showed a higher median with an average VAS score (7 versus 6, p = 0.062)
with marginal significance. The maximum VAS score (8 versus 6.5, p = 0.108) was higher on the
operative day; however, the difference did not reach statistical significance. The average and maximum
VAS scores were also higher among patients who underwent subpectoral reconstruction than among
those who underwent pre-pectoral reconstruction from postoperative day one to day seven; however,
the difference was not statistically significant.
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Table 2. Comparison of postoperative visual analogue scale (VAS) scores between pre-pectoral and
subpectoral reconstructions for patients who did not undergo intercostal nerve block.

Pre-Pectoral Subpectoral
Reconstruction Reconstruction P
Average VAS, median (IQR), score
Operative day 6 (3-6.75) 7 (5-8) 0.062 *
POD 1 4 (3-5) 5 (3.25-6.75) 0122
POD 2 3.5 (2-4) 4 (3-5) 0.268 *
POD 3 2.5 (2-4) 3 (2-4.75) 0448t
POD 4 2(2-3) 3 (2-4) 0.293 *
POD 5 2 (1-2.75) 2 (2-3) 0.623*
POD 6 2(0.25-2) 2 (1-2) 0.656
POD 7 1.5 (0-2) 2(1-2) 0571t
Maximum VAS, median (IQR), score
Operative day 6.5 (4-8) 8 (6-10) 0.108
POD 1 5 (4-6) 6 (4-8) 0.114*
POD 2 4 (3-6) 4 (4-6) 0.692F
POD 3 3.5 (2-4.75) 4 (2-5.75) 0.937 *
POD 4 3 (2-4) 4 (2-4) 0.660
POD 5 3 (2-4) 2 (2-3.75) 0.840
POD 6 2(2-2) 2 (2-3) 0.577*
POD 7 2 (1-2.75) 2 (1.25-3) 0.720

VAS, visual analogue scale; IQR, interquartile range; POD, postoperative day. * p value obtained in 2-sampled t-test.
* p values obtained in Mann-Whitney U test.

3.1. Comparison of Pain Scores between the ICNB and Control Groups

Among the selected 67 patients, 31 patients were included in the ICNB group, and the
remaining 36 patients were included in the control group. Table 3 shows the comparison of
clinical and surgical characteristics between the ICNB and control groups. There were no significant
differences between the two groups in age, BMI, Charlson comorbidity index score, smoking history,
previous chemotherapy, mastectomy type, mastectomy weight, implant volume, axillary lymph node
management, and morphine equivalents. In the comparison of daily VAS scores between the ICNB
and control groups, the median of average (4 versus 6, p = 0.047) and maximum (5 versus 7.5, p = 0.030)
VAS scores on the operative day and maximum (4 versus 6, p = 0.030) VAS score on postoperative day
one were significantly lower in the ICNB group than in the control group (Table 4).

3.2. Subpectoral Reconstruction

Among 34 patients who underwent subpectoral reconstruction, 16 patients were included in the
ICNB group, and 18 patients were included in the control group. There were no significant differences
between the ICNB and control groups in age, BMI, Charlson comorbidity index score, smoking history,
previous chemotherapy, mastectomy type, mastectomy weight, implant volume, axillary lymph node
management, and morphine equivalents (Table 5). Figure 1 shows the significant differences in the
average and maximum VAS scores on the operative day and maximum VAS score on postoperative day
one between the ICNB and control groups. On the operative day, the median of the average (4 versus
7,p = 0.005) and maximum (4.5 versus 8, p = 0.004) VAS scores were significantly lower in the ICNB
group than in the control group. On postoperative day one, the median of the average VAS score was
lower in the ICNB group than in the control group with marginal significance (3.5 versus 5, p = 0.060),
and the maximum VAS score was significantly lower in the ICNB group than in the control group
(4 versus 6, p = 0.009).
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Table 3. Comparison of clinical and surgical characteristics between the intercostal nerve block (ICNB)
and control groups in overall patients.

ICNB Group (n = 31) Control Group (n = 36) 4
Age, mean + SD, yr 48.26 +7.81 47.61 +8.37 0.746 *
BMI, mean + SD, kg/m2 22.66 + 2.63 22.62 +2.67 0.953 *
Charlson comorbidity index, median (IQR), score 2(2-3) 2(2-3) 0928 *
Smoking history, n (%) 1(3.2) 2(5.6) >0.999 §
Preoperative chemotherapy, n (%) 3(9.7) 3(8.3) >0.999 §
Mastectomy type, n (%) 0.4048
Nipple-sparing 27 (87.1) 34 (94.4)
Skin-sparing 4 (12.9) 2 (5.6)
Mastectomy weight, mean + SD, g 251.6 +124.1 295.0 +139.9 0.187 *
Implant volume, mean + SD, mL 282.6 + 81.7 326.4 +110.2 0.073 *
Axillary lymph node management, n (%) 0.953
None 0 0
SLNB 26 (83.9) 30 (83.3)
ALND 5(16.1) 6 (16.7)
Morphine equivalents, median (IQR), mg
PACU 5(3-5) 3(0-5) 0.474 %
After the PACU 189.5 (180.5-198.75) 191.5 (184.95-198) 0339 F

ICNB, intercostal nerve block; SD, standard deviation; BMI, body mass index; IQR, interquartile range; SLNB,
sentinel lymph node biopsy; ALND, axillary lymph node dissection; PACU, post-anesthesia care unit. * p value
obtained in 2-sampled t-test. * p values obtained in Mann-Whitney U test. ¥ p value obtained in Chi-squared test. §
p values obtained in Fisher’s exact test.

Table 4. Comparison of postoperative VAS scores between the ICNB and control groups in
overall patients.

ICNB Group Control Group 4
Average VAS, median (IQR), score
Operative day 4 (3.5-6) 6 (4-8) 0.047 *
POD 1 4(2-4.5) 4 (3-6) 0.104
POD 2 3(24) 4 (2-4.25) 0.365 *
POD 3 2 (1-4) 3(2-4) 0.487 *
POD 4 2(1-3) 2.5(2-4) 0.108
POD 5 2 (1-3) 2(1-3) 0.688
POD 6 1(1-2) 2(0.75-2) 0.190
POD 7 1(0.5-2) 2(0-2) 0.117*
Maximum VAS, median (IQR), score
Operative day 5 (4-8) 7.5 (5-8) 0.030
POD 1 4(3-5.5) 6 (4-7.25) 0.030 *
POD 2 4(2-4.5) 4 (3-6) 0.137*
POD 3 2 (2-4) 4 (2-5.25) 0301 *
POD 4 2(2-3.5) 3(2-4) 0.068 *
POD 5 2 (1-3) 2 (2-4) 0272F
POD 6 2(1-2) 2(2-3) 0.190 *
POD 7 2(0.5-2) 2 (1-3) 0.117*

ICNB, intercostal nerve block; VAS, visual analogue scale; IQR, interquartile range. * p value obtained in 2-sampled
t-test. T p values obtained in Mann-Whitney U test.

3.3. Pre-Pectoral Reconstruction

Among 33 patients who underwent pre-pectoral reconstruction, 15 patients were included in the ICNB
group, and 18 patients were included in the control group. There were no significant differences between
the ICNB and control groups in age, BMI, Charlson comorbidity index score, smoking history, previous
chemotherapy, mastectomy type, mastectomy weight, implant volume, axillary lymph node management,
and morphine equivalents (Table 6). Figure 2 compares the postoperative average and maximum VAS
scores between the ICNB and control groups. Both the average and maximum VAS scores were decreased
with each successive postoperative day. On the operative day, the median of the average VAS score was 5
in the ICNB group and 6 in the control group (p = 0.891), and the maximum VAS score was 5 in the ICNB
group and 6 in the control group (p = 0.782). On postoperative day one, the median of the average VAS
score was 4 in the ICNB group and 4 in the control group (p = 0.821), and the maximum VAS score was 5
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in the ICNB group and 5 in the control group (p = 0.589). There were no significant differences in VAS
scores between the ICNB and control groups from the operative day to postoperative day seven.

Table 5. Comparison of clinical and surgical characteristics between the ICNB and control groups for
patients who underwent subpectoral reconstruction.

ICNB Group (n = 16) Control Group (n = 18) 4
Age, mean + SD, yr 46.69 +7.56 47.78 +8.11 0.484 *
BMI, mean + SD, kg/m? 23.1 £2.56 2275 +2.77 0.696 *
Charlson comorbidity index, median (IQR), score 2(2-4) 2 (2e3) 0.874 1
Smoking history, n (%) 0 0 -
Preoperative chemotherapy, n (%) 2(12.5) 1(5.6) 0.591 %
Mastectomy type, n (%) >0.999 *
Nipple-sparing 15 (93.8) 16 (88.9)
Skin-sparing 1(6.3) 2(11.1)
Mastectomy weight, mean + SD, g 277.9 +136.8 342.9 +160.9 0.217 *
Implant volume, mean + SD, mL 292.2 +92.0 355.6 +118.4 0.094 *
Axillary lymph node management, n (%) >0.999
None 0 0
SLNB 14 (87.5) 15(83.3)
ALND 2(12.5) 3(16.7)
Morphine equivalents, median (IQR), mg
PACU 3(0-5) 4(0-5) 0.880
After the PACU 189.5 (181-196.5) 191.5 (185.75-204.3) 0.115*

ICNB, intercostal nerve block; SD, standard deviation; BMI, body mass index; IQR, interquartile range; SLNB,
sentinel lymph node biopsy; ALND, axillary lymph node dissection; PACU, post-anesthesia care unit. * p value
obtained in 2-sampled t-test. * p values obtained in Mann-Whitney U test. ¥ p values obtained in Fisher’s exact test.
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Figure 1. Comparison of postoperative daily average (A) and maximum (B) visual analogue scale
(VAS) pain scores between the intercostal nerve block (ICNB) and control groups for patients who
underwent subpectoral direct-to-implant (DTI) breast reconstruction. POD, postoperative day. * means
that the differences are statistically significant; e indicates outliers in the box-and-whisker plots.
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Table 6. Comparison of clinical and surgical characteristics between ICNB and control groups for

patients who underwent pre-pectoral reconstruction.

Control Group (n =

ICNB Group (n = 15) 18) P
Age, mean + SD, yr 46.73 + 8.04 47.44 + 8.85 0.812 *
BMI, mean + SD, kg/m? 22.17 £2.70 2249 + 2.65 0.738 *
Charlson comorbidity index score, median (IQR), score 2 (2-3) 2 (2-3.75) 0.997 *
Smoking history, n (%) 1(6.7) 2(11.1) >0.999
Preoperative chemotherapy, n (%) 1(6.7) 2(11.1) >0.999
Mastectomy type, n (%) >0.999 1
Nipple-sparing 13 (86.7) 18 (100.0)
Skin-sparing 2(13.3) 0
Mastectomy weight, mean + SD, g 223.5 +106.2 2471 +97.7 0.532*
Implant volume, mean + SD, mL 272.3 +70.8 2972 +95.8 0411 *
Axillary lymph node management, n (%) >0.999
None 0 0
SLNB 12 (80.0) 15 (83.3)
ALND 3(20.0) 3(16.7)
Morphine equivalents, median (IQR), mg
PACU 3 (0-5) 5(3-5) 0.901 *
After the PACU 189.5 (185.9-202) 189.5 (184.65-196) 0.714 *

ICNB, intercostal nerve block; SD, standard deviation; BMI, body mass index; IQR, interquartile range; SLNB,
sentinel lymph node biopsy; ALND, axillary lymph node dissection; PACU, post-anesthesia care unit. * p value
obtained in 2-sampled t-test. * p values obtained in Mann-Whitney U test. ¥ p values obtained in Fisher’s exact test.
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Figure 2. Comparison of postoperative daily average (A) and maximum (B) VAS pain scores between
the ICNB and control groups for patients who underwent pre-pectoral DTI breast reconstruction. e
indicates outliers in the box-and-whisker plots.
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4. Discussion

We evaluated the effect of intraoperative ICNBs on postoperative pain after DTI breast
reconstruction in cases of NSM or SSM using VAS scores and demonstrated that ICNBs significantly
reduced postoperative pain in subpectoral DTI reconstruction during the immediate postoperative
period; however, there were no significant differences in VAS scores observed between the ICNB
and control groups in pre-pectoral reconstruction. Among patients who underwent subpectoral
DTI reconstruction, the average VAS score was significantly decreased on the operative day and the
maximum VAS score was significantly decreased on the operative day and postoperative day one in the
ICNB group. There were no immediate complications related to the nerve block procedure observed.

Several studies have evaluated the effect of ICNBs on postoperative pain after implant-based
breast reconstruction. However, to the best of our knowledge, no studies have examined the
differences between subpectoral and pre-pectoral reconstructions. Butz et al. [22] evaluated the
effect of intraoperative injection of liposomal bupivacaine in immediate breast reconstruction with
the subpectoral placement of a tissue expander and demonstrated that the length of hospital stay
and postoperative VAS pain scores were significantly lower in the liposomal bupivacaine group as
compared with the pain pump and control groups. On the one hand, Shah et al. [1] assessed the effect
of intraoperative administration of bupivacaine in subpectoral DTI reconstruction and found that
the consumption of pain medication and length of hospital stay were significantly decreased among
patients receiving ICNBs as compared with those who did not. On the other hand, Lanier et al. [4]
compared the quality of recovery scores, pain scores, and opioid consumption between the ICNB and
placebo groups for patients undergoing immediate breast reconstruction with subpectoral placement
of a tissue expander and observed no significant differences between the two groups.

Intercostal nerves arise from the anterior divisions of the thoracic spinal nerves from T1 to
T11 [23]. Intercostal nerves supply the sensory innervation for the back, trunk, and upper abdomen
as well as the muscular innervation for the intercostal muscles. In addition to distribution to the
muscle and skin, branches of the intercostal nerves supply the parietal pleura, mammary glands, and
periosteum of the ribs [23,24]. The lateral cutaneous branches are derived from the intercostal nerves
around midway between the vertebrae and sternum, which give cutaneous information from the
skin of the lateral thoracic wall. The anterior cutaneous branches are the terminal branches of the
intercostal nerves, which supply the skin of the anterior thoracic wall. In this study, the exact reason
for the superior pain control using ICNBs in subpectoral reconstruction as compared with pre-pectoral
reconstruction remains unclear; however, we hypothesized that sensory block of the periosteum could
have contributed to the increased effectiveness of ICNBs in subpectoral reconstruction as compared
with pre-pectoral reconstruction. The periosteum is highly vascularized and highly innervated by
both sympathetic and pain-sensitive fibers [25,26], and mechanical destruction or distortion can
cause significant pain [27]. ICNB has been demonstrated to be effective in the management of bone
pain [28], which was derived from damage of the periosteum [29]. In subpectoral reconstruction,
the periosteum can be easily damaged during the dissection of the subpectoral space and hemostasis of
the well-vascularized periosteum. In addition, direct compression of the periosteum by the subpectoral
placement of the implant can irritate or distort the periosteum and cause pain. The pain derived from
the periosteum of the ribs might be managed by ICNBs. To block collateral branches to the periosteum,
the nerve trunk should be targeted rather than cutaneous branches when performing ICNBs.

The findings of previous studies support our hypothesis that sensory block of the periosteum can
contribute to the effectiveness of ICNBs in subpectoral breast reconstruction. A study by Lanier et al. [4]
revealed that intraoperative nerve blocks failed to improve pain scores in subpectoral tissue expander
reconstruction. They performed nerve blocks by injecting bupivacaine and dexamethasone around the
anterior and lateral cutaneous branches of the intercostal nerves. In addition, Shah et al. [1] targeted the
intercostal nerve trunk in their case series involving subpectoral DTI breast reconstruction and showed
a significant decrease in the consumption of pain medication and length of hospital stay following
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ICNBs. We believe that sensory block of the periosteum by targeting the intercostal nerve trunk is an
essential part of ICNBs in subpectoral breast reconstruction.

When VAS scores were compared among patients who did not receive ICNBs, scores in the
immediate postoperative period were lower in the pre-pectoral reconstruction group than in the
subpectoral reconstruction group. Although the difference did not reach statistical significance,
the average VAS score on the operative day was lower in the pre-pectoral reconstruction group
with borderline significance (6 versus 7, p = 0.062). Previous studies have shown controversial
results; some studies reported significantly lower pain scores in pre-pectoral reconstruction than
in subpectoral reconstruction [30-32], whereas other studies reported that the pain scores were not
significantly different [33,34]. Further meta-analysis should be conducted to confirm the significantly
lower postoperative pain in pre-pectoral reconstruction as compared with subpectoral reconstruction.

ICNBs could be recommended for patients undergoing subpectoral DTI breast reconstruction
for three reasons. First, according to the results of this study, a rapid reduction in VAS pain scores
was observed with each successive postoperative day in the immediate postoperative period after
subpectoral DTI breast reconstruction. The medians of average VAS scores were 7 (5-8), 5 (3.25-6.75),
and 4 (3-5) on the operative day, postoperative day one, and postoperative day two, respectively,
among patients who did not receive ICNBs. ICNBs can reduce immediate postoperative pain, and pain
after the immediate postoperative period can be effectively managed with conventional analgesia.
Secondly, ICNBs have minimal risk for procedure-related complications. Complications after ICNBs
include pneumothorax, systemic toxic reactions to local anesthetics, abscess formation, and neuritis [10].
Among them, pneumothorax can be the most severe complication; however, its incidence after ICNBs is
rare and has been reported as 0.073—-4% [35-37]. Moore et al. [35] reported that therapeutic intervention
was not required for pneumothorax in their analysis of 10,941 ICNB cases, and severe systemic toxic
reactions did not occur. Third, ICNBs can be easily performed by the operating surgeon and do not
require an anesthesiologist and the additional positioning of the patient, whereas paravertebral blocks
are administered preoperatively by an anesthesiologist while the patient is awake, which can cause
significant discomfort to the patient [1]. Moreover, paravertebral blocks bear certain risks according to
the neuroaxial location [38]. In terms of the efficacy of the nerve block procedures, ICNB has been
demonstrated to be effective in breast surgeries and combined blockade of the pectoral nerves, the
intercostobrachial, intercostals III-IV-V-VI, and the long thoracic nerve (Pecs II block) was suggested
to be more effective than paravertebral blocks in breast surgeries [39,40]. Nerve block targets for
effective pain control in breast surgeries could be a good subject for further research.

The current study had some limitations. First, in the subgroup analysis, the average postoperative
VAS score was higher in the subpectoral reconstruction group than in the pre-pectoral reconstruction
group for patients who did not receive ICNBs at early postoperative days; however, the difference did
not reach statistical significance. A possible explanation for the lack of statistical significance is the
small number of patients. Further large-scale studies would be necessary to compare the postoperative
pain scores between the subpectoral and pre-pectoral reconstruction groups. Secondly, the daily dose
of pain medication could not be assessed because the remaining dose of IV PCA was measured after
the IV PCA device was removed. The daily dose of pain medication could be higher in the subpectoral
reconstruction than in the pre-pectoral reconstruction because the average and maximum VAS scores
were significantly higher in the subpectoral reconstruction in the immediate postoperative period,
but the difference of the daily dose of pain medication was not assessed. Last, the groups could be
skewed due to the retrospective study design. Taking into consideration the results of this study, a
double-blind randomized clinical trial should be performed to confirm the results of this study.

5. Conclusions

ICNBs could be a safe and effective method for the pain control of patients undergoing subpectoral
DTI breast reconstruction. Intraoperative ICNBs can effectively reduce immediate postoperative
pain in subpectoral DTI breast reconstruction; however, it may not be effective in pre-pectoral DTI
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reconstruction. The nerve trunk should be targeted to block collateral branches to the periosteum of
the ribs when performing ICNBs.
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Abstract: Background and objectives: This study aimed to determine if age, race, region, insurance,
and comorbidities affect the type of breast reconstruction that patients receive. Materials and methods:
This analysis used the Florida Inpatient Discharge Dataset from 1 January 2013 to 30 September 2017,
which contains deidentified patient-level administrative data from all acute care hospitals in the state
of Florida. We included female patients, diagnosed with breast cancer, who underwent mastectomy
and a subsequent breast reconstruction. We performed an x? test and logistic regression in this analysis.
Results: On the multivariable analysis, we found that age, race, patient region, insurance payer, and
Elixhauser score were all variables that significantly affected the type of reconstruction that patients
received. Our results show that African American (odds ratio (OR): 0.68, 95% CI: 0.58-0.78, p <
0.001) and Hispanic or Latino (OR: 0.82, 95% CI: 0.72-0.93, p = 0.003) patients have significantly
lower odds of receiving implant reconstruction when compared to white patients. Patients with
Medicare (OR: 1.57, 95% CI: 1.33-1.86, p < 0.001) had significantly higher odds and patients with
Medicaid (OR: 0.61, 95% CI: 0.51-0.74, p < 0.001) had significantly lower odds of getting autologous
reconstruction when compared to patients with commercial insurance. Conclusions: Our study
demonstrated that, in the state of Florida over the past years, variables, such as race, region, insurance,
and comorbidities, play an important role in choosing the reconstruction modality. More efforts are
needed to eradicate disparities and give all patients, despite their race, insurance payer, or region,
equal access to health care.

Keywords: breast cancer; breast reconstruction; autologous reconstruction; disparities;
public health; Florida

1. Introduction

The United States has 3.5 million breast cancer survivors [1]. With an estimated 279,100 new breast
cancer diagnoses for 2020 and a steady decrease in mortality, the number of survivors is expected to
increase [2,3].

Although lifesaving, mastectomy is a procedure that can cause significant psychological stress in
patients who require it [4]. To improve this burden, breast reconstruction has become an important
source of hope for these women. Women who receive breast reconstruction have shown improvement
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in health-related quality of life [4], while sexuality has been shown to be worse in patients who do not
receive postmastectomy breast reconstruction [5].

As breast reconstruction rates increase [6], and with laws that make the procedure more widely
available to the US population [7], new procedures have been developed and have proven to be as
good, or better, than previous procedures. Breast reconstruction techniques currently available can be
divided into autologous tissue-based or implant-based techniques [8]. Implant-based reconstruction is
the most common type of reconstruction; however, women who receive autologous reconstruction
have shown a higher rate of satisfaction [9].

The type of reconstruction used for a patient who received a mastectomy should be based on
multiple factors; patient preference, age, weight, comorbidities, shape and size of the breast, mastectomy
scar, surgeon experience, and cost should all be taken into account when selecting a reconstructive
technique. However, factors, such as race, region, and insurance, should not be factors that affect the
type of reconstruction. Equality is one of the main goals of the healthcare system, and disparities
should not be present in any aspect of medicine. It has been reported that African American race is the
most clinically significant predictor of autologous breast reconstruction and there is little data regarding
the Hispanic population. With this study, we aimed to analyze the Florida Inpatient Discharge Dataset
(FIDD) to see if factors, such as age, race, region, insurance, and comorbidities, have an effect on the
type of breast reconstruction received by postmastectomy patients in Florida.

2. Materials and Methods

2.1. Data Source

This analysis used the FIDD, which contains deidentified patient-level administrative data from
all acute care hospitals in the state of Florida.

2.2. Population and Variables

We included female patients who were 18 years or older, diagnosed with breast cancer,
who underwent an elective reconstructive surgery involving either an implant or an autologous
procedure from 1 January 2013 to 30 September 2017. We excluded male patients, and subjects who
were enrolled on Medicaid but were less than 65 years old. The inclusion and exclusion of our
population is further depicted in Figure 1.
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Figure 1. Inclusion and exclusion criteria.
2.3. Dependent Variables

The dependent variable for this analysis was whether the patient had an implant procedure or an
autologous procedure (i.e., free, pedicled). The surgical procedures were defined by the International
Classification of Diseases-9 (ICD) and ICD-10 codes.

2.4. Independent Variables

Patient characteristics, including age, race/ethnicity, region, insurance payer type,
and comorbidities, were included as covariates. Race and ethnicity were categorized as white,
black or African American, and Hispanic or Latino. Insurance payer type was categorized as Medicare
(including Medicare Managed Care Patient), Medicaid (including Medicaid Managed Care Patient),
commercial, or other (including self-pay or non-payment). Patients’ regional locations were based on
the seven regions of the Florida Department of Transportation, and indications of rurality were defined
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by the Florida Department of Health. We collapsed patient regions into North, South, and Central to
allow for an acceptable amount of statistical power for the multivariable models. The Elixhauser score
was used to indicate whether patients had comorbidities.

2.5. Analysis

Data were described as frequency and percentage or median and range. Pearson x> and
Kruskal-Wallis tests were used to compare categorical and continuous variables. The first statistical
model focused on disparities among patients who received an implant or a flap procedure. We used
multivariable logistic regression and summarized the data using odds ratios (ORs). Furthermore,
95% Confidence Intervals (CIs) were used to show the strength of the association between each of the
different comparisons. All tests of significance were two-sided, and p values were reported. The level
of statistical significance was set at o less than 0.05. Analyses were preformed using SAS, version 9.4
(SAS Institute Inc. Cary, NC, USA).

3. Results

A total of 7750 patients underwent postmastectomy breast reconstruction during the study period
and met our inclusion criteria for the study. Table 1 outlines their demographic characteristics and
Elixhauser Comorbidity Index score by type of reconstruction. Significant differences were found
in all the groups. In our cohort, 4944 (68.7%) were white, 882 (12.3%) African American, and 1368
(19.0%) Hispanic or Latino. While most patients (7080 (95.1%)) had insurance, (361 (4.9%)) did not.
There were a higher number of patients with no comorbidities (4185 (56.2%)) than patients with at
least one comorbid condition (3256 (43.8%)), as calculated with the Elixhauser score.

Table 1. Surgical population’s descriptive statistics for breast cancer patients.

. Fla, Implant Total
Variable (n= 2spo9) (n =p4632) (n = 7441) p Value
Age 54.0 (20.0-93.0)  53.0 (21.0-87.0)  53.0 (20.0-93.0) <0.0001 !
Year <0.0001 2
2013 752 (26.8%) 1319 (28.5%) 2071 (27.8%)
2014 765 (27.2%) 1147 (24.8%) 1912 (25.7%)
2015 685 (24.4%) 1004 (21.7%) 1689 (22.7%)
2016 382 (13.6%) 821 (17.7%) 1203 (16.2%)
2017 225 (8.0%) 341 (7.4%) 566 (7.6%)
Race <0.0001 2
White 1798 (66.2%) 3146 (70.2%) 4944 (68.7%)
Black or African 400 (14.7%) 482 (10.8%) 882 (12.3%)
American
Hispanic or Latino 517 (19.0%) 851 (19.0%) 1368 (19.0%)
Patient Region
South Florida 1257 (46.1%) 2465 (54.3%) 3722 (51.2%) <0.0001 2
North Florida 605 (22.2%) 781 (17.2%) 1386 (19.1%)
Central Florida 867 (31.8%) 1294 (28.5%) 2161 (29.7%)
Patient Insurance <0.0001 2
Payer
Medicare 479 (17.1%) 839 (18.1%) 1318 (17.7%)
Medicaid 238 (8.5%) 267 (5.8%) 505 (6.8%)
Commercial 1916 (68.2%) 3341 (72.1%) 5257 (70.6%)
Other 176 (6.3%) 185 (4.0%) 361 (4.9%)
Elixhauser Score <0.0001 2
No 1445 (51.4%) 2740 (59.2%) 4185 (56.2%)
Yes 1364 (48.6%) 1892 (40.8%) 3256 (43.8%)

Statistical tests of difference: ! Kruskal-Wallis, 2 2. Statistics reported: Continuous variables were summarized
with the median (range).
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Using multivariable analysis, we found that age, race, patient region, insurance payer,
and Elixhauser score were all variables that significantly affected the type of reconstruction that
patients received (Table 2). The results show that both African American (OR: 0.68, 95% CI: 0.58-0.78,
p < 0.001) and Hispanic or Latino (OR: 0.82, 95% CI: 0.72-0.93, p = 0.003) races have significantly lower
odds of receiving implant reconstruction when compared to white patients. Interestingly, insurance
showed mixed results; patients with Medicare (OR: 1.57, 95% CI: 1.33-1.86, p < 0.001) had significantly
higher odds while patients with Medicaid (OR: 0.61, 95% CI: 0.51-0.74, p < 0.001) had significantly
lower odds of getting implant reconstruction when compared to patients with commercial insurance.
Patients with comorbidities, defined as an Elixhauser score greater than 0, were also found to have
lower odds of implant reconstruction when compared to patients without comorbidities (OR: 0.80, 95%
CI: 0.72-0.88, p < 0.001).

Table 2. Odds ratio of receiving implant breast reconstruction.

Implant vs. Flap (Ref)

Variable OR (95% CI) p Value
Age (10-year increase) 0.79 (0.75, 0.84) <0.0001
Race Opverall Test of Difference: p < 0.0001
White 1.00 (Ref) N/A
Black or African American 0.67 (0.57, 0.78) <0.0001

Hispanic or Latino

0.81 (0.71, 0.92)

Patient Region Overall Test of Difference: p < 0.0001
North Florida 1.00 (Ref) N/A
South Florida 1.61 (1.40, 1.83) <0.0001
Central Florida 1.17 (1.02, 1.35)
Patient Insurance Payer Overall Test of Difference: p < 0.0001
Commercial 1.00 (Ref) N/A
Medicare 1.59 (1.34, 1.89) <0.0001
Medicaid 0.62 (0.51, 0.75) <0.0001
Other 0.64 (0.51, 0.80)
Elixhauser Score
No 1.00 (Ref) N/A
Yes 0.75 (0.68, 0.82) <0.0001

Abbreviations: N/A, not applicable; OR, odds ratio; Ref, reference.

Our multivariable analysis comparing the two types of autologous reconstruction (flap and
pedicled flap) versus implant-based reconstruction alone also showed significant associations between
the studied variables (Table 3). In terms of race, African Americans showed lower odds of getting
implant reconstruction versus any type of flap when compared to white patients (implant versus free
flap (OR: 0.61, 95% CI: 0.51, 0.74, p < 0.001) and versus pedicled flap (OR: 0.61, 95% CI: 0.44, 0.88,
p = 0.007). On the contrary, there was no significant difference for Hispanic or Latino patients in
implant versus pedicled flap reconstruction (OR: 0.96, 95% CI: 0.70, 1.31, p = 0.79) when compared to
white patients.
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Table 3. Logistic regression comparing different types of autologous vs. implant reconstruction.

Implant vs. Free Flap (Ref)

Implant vs. Pedicled Flap (Ref)

Variable OR (95% CI) p Value OR (95% CI) p Value
Age 0.81 (0.75, 0.88) <0.0001 0.63 (0.54, 0.72) <0.0001
Race Opverall Test of Difference: p < 0.0001 Opverall Test of Difference: p = 0.009
White 1.00 (Ref) N/A 1.00 (Ref) N/A
Black or African 61 (0,51, 0.74) <0.0001 0.61 (0.4, 0.84) 0.003
American
Hispanic or Latino 0.64 (0.55, 0.76) <0.0001 0.97 (0.72,1.31) 0.85
Patient Region Overall Test of Difference: p < 0.0001 Overall Test of Difference: p < 0.0001
North Florida 1.00 (Ref) N/A 1.00 (Ref) N/A
South Florida 2.09 (1.78, 2.45) <0.0001 0.82(0.58,1.17) 0.27
Central Florida 2.11(1.77,2.52) <0.0001 0.46 (0.32, 0.65) <0.0001
Patlené;;lzrrance Opverall Test of Difference: p < 0.0001 Overall Test of Difference: p < 0.0001
Commercial 1.00 (Ref) N/A 1.00 (Ref) N/A
Medicare 2.71(2.13,3.44) <0.0001 1.48 (1.03,2.12) 0.035
Medicaid 0.93 (0.72,1.21) 0.58 0.36 (0.25, 0.52) <0.0001
Other 0.66 (0.51, 0.87) 0.003 0.66 (0.39, 1.10) 0.11
Elixhauser Score Overall Test of Difference: p < 0.0001 Overall Test of Difference: p = 0.0004
No 1.00 (Ref) N/A 1.00 (Ref) N/A
Yes 0.60 (0.53, 0.68) <0.0001 1.75 (1.38, 2.22) <0.0001

Abbreviations: N/A, not applicable; OR, odds ratio; Ref, reference.
4. Discussion

Breast cancer incidence is increasing [3]. Throughout their lifetime, breast cancer will affect one in
every eight women in the United States [10]. Although breast conservation therapy remains an option,
many of these women instead undergo mastectomy with or without breast reconstruction [11-15].
Efforts have been made nationally to make breast reconstruction more available to patients who
undergo mastectomy. Evidence has shown an increase in the rate of breast reconstruction, which is a
step forward in the physical and psychological treatment of breast cancer [16]. However, there are few
studies of the disparities in access to autologous breast reconstruction in the United States [11,17-19],
and none in Florida, where there is a larger Hispanic population than in most of states. The importance
of this study is that it addresses this gap in the literature and will aid public health agencies to
understand the factors that influence access to autologous breast reconstruction.

Despite not having a consensus on whether implant- or autologous-based reconstruction is better
for patients, autologous-based reconstruction is currently recognized as the best option by providing
the patient with a more natural look and feel [8]. When it comes to selecting the type of reconstruction
a patient should receive, race, region, and insurance should not be determining factors.

Qur results show that, even when corrected for confounders, some of these variables were
significant when deciding what type of reconstruction patients received. Minorities, such as African
American or Hispanic (Latino), had lower odds of receiving implant breast reconstruction, which implies
that they received more autologous reconstruction. These results were expected, since despite
lower rates of postmastectomy breast reconstruction in black patients when compared to white
patients [17], it has already been shown that black patients have a higher rate of autologous breast
reconstruction [11,17,18].

Sergesketter et al. [19] reported that black race (non-Hispanic) and Hispanic ethnicity had a
lower likelihood of receiving breast reconstruction when compared to white patients. However,
they also found that these two groups of patients were more likely to receive autologous than
implant-based reconstruction.

Moreover, three studies found that black patients had a higher rate of autologous breast
reconstruction when compared to their white counterparts [11,17,18]. One study found no significant
difference between the groups [20].
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Our results are in concordance with these studies and further contribute to the available literature
on this subject. However, none of these studies identified the causality for these results. Unfortunately,
disparities affecting breast cancer patients are not limited to autologous reconstruction. Our group
has shown that the rate of breast reconstruction, refusal of surgical treatment, and the survival of
male patients with breast cancer has also been shown to be affected by ethnic and demographic
characteristics [21-24].

It was reported in two studies that postmastectomy breast reconstruction decreases the probability
of depression and improves emotional, social, and physical functionality. Women who do not receive
postmastectomy breast reconstruction have worse functionality on the mentioned aspects [5,25].
Although implant-based reconstruction is more common, a recent study published by Fracon and
colleagues [9] showed that women who received autologous breast reconstruction showed a higher
degree of satisfaction using the BREAST-Q module (p = 0.00596), psychosocial well-being module
(p = 0.04), and sexual well-being module (p = 0.00068).

Despite having a longer operating time and more incisions, autologous breast reconstruction,
such as the deep inferior epigastric (DIEP) flap, has been found to have fewer serious adverse effects
leading to reconstruction failure or unpleasant aesthetic results when compared to tissue expander
implant-based reconstruction [26].

Interestingly, Fischer and colleagues [27] conducted a study in which adverse effects were compared
in patients receiving free flap reconstruction versus tissue expander and implant reconstruction in a
high-volume institution. On an average two-year follow-up, a 98.8% success rate was reported with
free flap reconstruction, while a 94.4% success rate was reported with tissue expander reconstruction.
Interestingly, the free flap was also associated with a lower rate of unplanned reoperation (5.8% vs. 16.8%;
p = 0.002) [27]. These results are in line with Spear and colleagues’ results [28]. In contrast, Mioton and
colleagues [29], using the National Surgical Quality Improvement Project Dataset, reported higher
rates of failure in autologous reconstruction (3.13% vs. 0.85%; p < 0.001); however, it is important to
note that the follow-up period included only 30 days, showing that during the first 30 days, autologous
reconstruction can present a higher rate of failure. Autologous reconstruction is also known to be
a more complicated procedure, requiring a longer operating time. Due to the higher complexity of
autologous breast reconstruction, its costs are higher. However, Fischer and colleagues [27] reported
that even though autologous reconstruction has a higher upfront operation cost, it is more cost efficient
over time. Other studies have supported this result, especially over time [30,31].

Surgeon reimbursement can be a matter of discussion, too, as it is sometimes believed that
autologous reconstruction is not cost effective for practitioners. Sando and colleagues [32] reported
that contrary to the perceptions, the complex reconstructive procedures that patients undergo for
autologous reconstruction consistently generated more revenue and an hourly reimbursement that
showed no statistical difference ($1053 vs. $947; p = 0.72). Other studies have demonstrated that
autologous reconstruction is also more cost-efficient and profitable for hospitals [29,33].

Despite all this information, implant reconstruction is more common than
autologous reconstruction. National trends show an increase in implant-based breast reconstruction
and a decrease in autologous reconstruction [34]. However, plastic surgeons who practice at
academic university programs do not follow the same trends [34]. Implant-based reconstruction
rates, which have typically trended up, now show a plateau in academic hospitals, while the rate of
autologous reconstruction, more specifically the DIEP flap, has increased [34].

Considering the previously mentioned information in favor of autologous breast reconstruction,
it is interesting to see that in Florida, black and Hispanic patients receive a lower proportion of
implant reconstructions, suggesting a higher rate of autologous reconstruction. It was also shown that
patients with Medicaid who receive reconstruction have lower odds of getting implant reconstruction,
implying a higher proportion of autologous reconstruction when compared to commercial insurance.
On the contrary, patients with Medicare had lower odds of receiving autologous breast reconstruction,
showing that there are disparities, even among the two government insurance types.
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This study has several limitations. Our analysis was done using the FIDD because it captures 100%
of the patients with breast cancer treated in Florida health institutions. Due to the nature of databases,
the fidelity of the information can be affected by incorrect or incomplete reports. Furthermore, the FIDD
registers every event separately, meaning that if the same patient has two outpatient visits or two
different reconstruction procedures, her cases would be registered as two separate cases. Additionally, a
large proportion of the patients in the database were excluded due to our inclusion and exclusion criteria;
however, the number of studied patients was substantial and allowed for multivariable analyses.

5. Conclusions

Our study demonstrated that, in the state of Florida, variables, such as race, region, insurance,
and comorbidities, seem to play an important role in selecting the reconstruction modality. More efforts
are needed to eradicate disparities and give all patients, despite their race, insurance, or region, equal
access to health care.
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1. Introduction

Whenever possible, the surgeon spares the nipple areola complex (NAC) during breast demolition,
through skin-sparing mastectomy or through nipple-sparing mastectomy [1]. In general, a tumor to
nipple distance measured preoperatively by a digital mammogram of 2.5 cm or more is safe for NAC
preservation in patients considered for breast conservation therapy [2].

When this is not possible, the areola—nipple complex is surgically removed together with the
cancerous breast tissue and the nipple—areola complex is reconstructed afterward or in the same
surgical session [3].

The reconstruction of the nipple-areola complex represents the final step of the breast
reconstruction journey and it is generally performed four to six months after breast reconstruction [4-8].
The nipple-areola complex represents a very important anatomical part for the woman and the
reconstruction has considerable aesthetic and psychological consequences [9-11].

Nevertheless, some women decline the reconstruction of the NAC after breast reconstruction [12].
Patients with later-stage cancer and a history of implant removal are less likely to have NAC
reconstruction [12]. Satisfaction determinants are projection, color match, shape, size, texture,
and position [13].

Several techniques have been proposed for the reconstruction [4-7,14-18]. Some authors have
attempted to clarify the available surgical techniques for nipple-areola complex reconstruction.
The first was Farhadi et al. [15] (Switzerland) in 2006, followed by Boccola et al. [14] (Australia) in
2010, Nimboriboonporn and Chuthapisith [17] (Thailand) in 2014 and Sisti et al. [5] (Italy) in 2016.
In particular, Nimboriboonporn and Chuthapisith [17] proposed a first classification of nipple-areola
reconstruction, according to the performed technique and to the type of material eventually grafted
inside the neo-nipple. More recently (2018), Gougoutas et al. [16] published a quite comprehensive
review on nipple-areola complex reconstruction.

It is important to distinguish between techniques used to reconstruct the nipple and techniques
used to reconstruct the areola. Even though the nipple-areola is a complex, different techniques are
performed to reconstruct the nipple and the areola. The literature on this topic is vast, but I will try my
best to make it clear in this review.
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2. Location of the Nipple and Areola Size

The location of the nipple on the reconstructed breast is a debated topic [19-21]. Pennisi etal. [20,21]
proposed to place the new nipple 1/2 inch lateral to the mid-clavicular line on the sixth rib or interspace,
while dr. Barnett [19] suggested to leave the decision about the new nipple-areola complex placement
up to the patient.

Regarding the areola size, the choice is usually left to the patient if both the areolas have to
be reconstructed, or the contralateral areola size is used as a model if only one areola needs to
be reconstructed.

Laschuk et al. [22] recently proposed that the breast base width can be used to determine the ideal
areolar size, using the areola: base width ratio of 0.29.

3. Nipple Reconstruction with Local Flap

The local flap is the most used technique for the reconstruction of the nipple [5,8,14-17].
This is a skin flap that usually includes the local skin and the superficial layer of the underlying
subcutaneous tissue.

In 1946, Berson [23] firstly described the use of a local skin flap for nipple reconstruction.
Each surgeon uses the flap technique that is most familiar with, since the superiority of one technique
over the others has not been demonstrated [5,24].

The most commonly used flaps are the arrow flap [25,26], the C-V flap [27] and the C-H flap [3].

Some techniques involve the projecting of the central area of the areola with purse string sutures,
overgrafts, and buried grafts [28]. New design flaps are continuously described [29,30].

The main issue is maintaining the nipple’s projection [31] over time, since the new local flap tends
to flatten. Sometimes the repetition of the same flap is necessary after the first surgery [32].

4. Use of Autologous/Allogenic/Synthetic Grafts to Improve Nipple Projection

To overcome the loss of projection, several material grafts have been proposed inside
the new nipple: autologous tissue (fat [33], cartilage [25,34-38], derma [39]), allogeneic tissue
(acellular dermal matrix [40,41], lyophilized allogeneic costal cartilage [42]), and synthetic materials
(fillers [43-45] et al. [46,47]) can be grafted inside the nipple. Winocour et al. [18] have published an
interesting review on this topic, concluding that the autologous tissue grafted inside the nipple has led
to the best results.

More recently, Oliver et al. [46] focused their attention on allogeneic and alloplastic augmentation
grafts in nipple—areola complex reconstruction in a systematic review, finding that the use of Ceratite
(artificial bone) led to the highest complication rates [46].

Jankau et al. [48] proposed the use of a silicone rod inside the neo-nipple to enhance the projection
over time, but the complications’ rate was high (10/30 patients developed flap necrosis followed by
rod removal).

Tierney et al. [49] and Collins et al. [50] described the use of the Biodesign Nipple Reconstruction
Cylinder (a rolled cylinder of extracellular matrix collagen derived from porcine small intestinal
submucosa) inside the nipple reconstructed using skin flaps, with positive outcomes.

A tightly rolled dermal graft [51] might also be used for nipple reconstruction as well, in order to
improve the long-term maintenance of nipple projection.

5. Areola Reconstruction Using Skin Graft

The reconstruction of the areola can be performed with a skin graft from hyper-chromic skin areas,
like the inguinal (the inner thigh skin), the axillary region or the labia minora skin [52].

In 1949, Adams [53] described the first areola reconstruction using a full-thickness skin graft
(FTSG) from the labium minora. This surgical operation is easy to perform and the healing process in
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both the donor and recipient sites is generally fast. The complication rate associated with the use of the
skin graft for the areola reconstruction is low but higher when compared to the tattoo [5].

The main issue associated with the use of a FTSG for the areola reconstruction is the fading of the
pigmentation over time. It is not uncommon to perform the skin graft again, one to two years after the
initial graft.

6. Nipple Sharing Technique for Nipple Reconstruction

This technique can be performed only in case of unilateral breast reconstruction. It is a skin
graft from the contralateral nipple [54]. The surgical procedure is well described in a video recently
published by Gougoutas et al. [16]. The nipple is divided in half on a sagittal plane and then the
harvested half nipple is grafted on a previously de-epithelized circular skin area on the opposite
breast [16].

The breastfeeding functionality can be preserved using a nipple-sharing technique that does
not damage the anatomic structure of the donor nipple for breastfeeding [55]. This technique was
described by Sakai and Taneda and consists of harvesting tissue by the circumcision method of nipple
reduction and grafting the tissue in a spiral configuration [55].

The surgeon can choose to use no sutures after graft removal and letting the donor nipple heal
spontaneously, minimizing scarring preserving the natural appearance and good sensitivity of the
donor nipple [56].

7. Tattooing of the Nipple-Areola Complex

The tattoo of the nipple-areola complex is commonly performed four to six months after the
surgical reconstruction of the nipple [5]. Nevertheless, the use of local flaps for nipple reconstruction
and medical tattooing of the NAC in one session has been described [57].

The procedure is easy to perform in an outpatient setting and can be performed by a non-medical
professional as well. It is a safe procedure [5] and leads to a high level of satisfaction [58,59]. Sometimes,
just the areola is tattooed, for instance the nipple can be reconstructed using the nipple-sharing
technique and the areola can be tattooed [60].

The tattoo can be made before the nipple reconstruction, but this may modify the final circular
border of the areola after nipple reconstruction. However, the sequence of nipple reconstruction and
tattooing has no significant effect on the projection of the reconstructed nipple [61].

Sasaki et al. [62] proposed four tips for tattooing procedures in nipple-areola complex reconstruction:
blurring the areola margin, creating the illusion of the Montgomery glands (areolar bumps), adjusting the
areola position to achieve symmetry and creating the illusion of the height of the nipple by using shading.

Some authors have proposed to have the tattoo done before surgery [5]. Furthermore, the reconstruction
of the whole areola-nipple complex by 3-D tattoo is more and more widespread [59,63,64].

Post-tattooing complications are rare. Joseph et al. [65] recently reported a delayed hypersensitivity
reaction around tattooed nipple areolar complexes in a 33-year-old female nonsmoker patient.
Starnoni etal. [66] described a rare case of nipple-areolar complex partial necrosis following micropigmentation.

As for the FTSG, because of fading of the pigment, further tattooing may be required, and areolar
color mismatch is another possible eventuality [52]. Allergic contact dermatitis of the breast secondary
to pigment reaction related to the areola tattoo has also been described [67].

8. Other Techniques

External nipple-areola prosthetics made of silicone or other materials are another possible option
for the reconstruction [68-72]. The use of internal nipple prosthesis [73] has been described as well,
but is less common.
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Dermoabrasion to re-create a nipple areola complex has been proposed by Cohen [74] in a
black patient, resulting in a hyperpigmented area without the need for a skin graft. Furthermore,
De Cholnoky [75] proposed the eversion of the navel to re-create the nipple when abdominal skin
tissue is used to reconstruct the breast.

9. Projection

The loss of projection over time is the main issue after nipple reconstruction, even though the
patient satisfaction and projection are not necessarily related, as observed by Jones and Erdmann [38].

Few et al. [31] observed a consistent 60% loss of intraoperative nipple projection in a study on
93 patients, with two years of follow-up. Lee et al. [61] found a mean loss of projection of 52.5-55.1%
after six months.

In general, is advisable to build in the first place a nipple taller/bigger than the contralateral,
since about 50% of projection is expected [5,17,61]. The local skin flap’s thickness influences the
neo-nipple projection, as observed by Ishii et al. [76].

The sequence of nipple reconstruction and tattooing does not affect the projection of the
reconstructed nipple, as observed by Lee et al. [61] in a study on 394 reconstructed nipples. The use of
graft augmentation showed a minor loss of nipple projection but might expose to an increased risk of
complications [48].

10. Complications

In general, the incidence of complications is very low (0-11%) and the results in terms of patient
satisfaction are remarkable [5,13,16,77].

The possible complications are nipple necrosis, tip loss, wound infection and wound
breakdown [77]. Nipple necrosis is a rare event, due to the dual nature of the local flap. The local
flap for nipple reconstruction is, in fact, a random skin flap that benefits also of imbibition from the
underneath and surrounding skin areas (like skin grafts), given the very thin thickness of the skin flap
itself. In the case of previous postmastectomy radiation, the reconstruction of the nipple is associated
with an increased complication risk [77,78]. Implant-based breast reconstruction might be associated
with higher rate of nipple reconstruction issues [77].

The local flap is the safest described technique for the nipple reconstruction [5]. The tattooing of
the areola showed a lower number of complications compared to the areola reconstruction using a skin
graft [5].

Fading after tattoo or after skin graft is common over time, therefore it is advisable to use a darker
pigment for the tattoo or to choose a darker skin area as a place where to harvest the skin graft in the
first place.

11. Conclusions

Nipple-areola complex reconstruction is a very important step in the breast reconstruction journey.
A comprehensive understanding of the available options for reconstruction is of paramount importance
for the plastic surgeon.
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