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Background: Increasing amounts of acellular dermal matrix are being used
with the adoption of prepectoral breast reconstruction. Postoperative infection
remains a challenge in breast reconstruction, and the contribution of acellular
dermal matrix type, processing, and sterility assurance level to risk of complica-
tions in prepectoral reconstruction is not well studied.

Methods: The authors performed a retrospective review of patients who under-
went immediate prepectoral breast reconstruction from February of 2017 to
July of 2020. Because of an increase in the rate of infection, the drain protocol
was changed and acellular dermal matrix type was switched from AlloDerm
(sterility assurance level, 10-) to DermACELL (sterility assurance level, 10°°)
in January of 2019. Demographic and surgical variables were collected, in addi-
tion to details regarding development and management of infection.

Results: Despite higher rates of direct-to-implant reconstruction and bilateral
procedures and increased implant volumes, the rate of infection was signifi-
cantly lower in patients who received DermACELL instead of AlloDerm [two of
38 (5.3 percent) versus 11 of 41 (26.8 percent); #= 0.014]. Drain duration was
slightly longer in the DermACELL group, consistent with the change in drain
protocol. Baseline demographic and clinical characteristics remained similar
between the two groups.

Conclusions: With increased reliance on large amounts of acellular dermal
matrix for prepectoral breast reconstruction, it directly follows that the prop-
erties of acellular dermal matrix with respect to incorporation, sterility, and
implant support are that much more important to consider. There have been
few studies comparing different types of acellular dermal matrix in prepectoral
breast reconstruction, and further research is required to determine the con-
tribution of acellular dermal matrix type and processing techniques to develop-
ment of postoperative infection.  (Plast. Reconstr. Surg. 148: 1201, 2021.)
CLINICAL QUESTION/LEVEL OF EVIDENCE: Therapeutic, I11.

A

THERAPEUTIC

ver the past 15 years, the use of acellular
Odermal matrix in breast reconstruction has

evolved, with changing trends in implant
placement in relation to the pectoralis muscle.
From an inferolateral sling in partial subpectoral
placement, to full anterior coverage or total wrap
with prepectoral implant placement, increasing
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amounts of acellular dermal matrix are being
used in breast reconstruction.! Unfortunately,
surgical-site infections remain a challenge despite
extensive preventative measures adopted by most
surgeons.”? Even with optimal proactive manage-
ment, infection of the implant pocket can still
occur and may require implant removal, result-
ing in reconstructive failure or need for autolo-
gous reconstruction. Patient comorbidities that
are known to contribute to infection risk include
diabetes, smoking, obesity, neoadjuvant chemo-
therapy, and previous irradiation.*®* However,
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the potential contribution of surgical technique,
including implant location and use of acellular
dermal matrix, is not as well studied, with no stud-
ies comparing experience with different types
of acellular dermal matrix in prepectoral breast
reconstruction.

The senior author transitioned from partial
subpectoral to prepectoral breast reconstruction
in 2017, recognizing the functional benefits of
decreased pain and rates of capsular contracture,
prevention of animation deformity, and poten-
tial aesthetic advantages of improved lower pole
shape and natural ptosis.”? Early experience with
the technique proved these advantages; however,
an increase in overall infection rate was noted.
Quality improvement was undertaken at the hos-
pital to investigate possible sources of an increased
infection rate, with no cause identified. Although
operative technique remained the same, eventu-
ally the drain removal protocol was changed fol-
lowed 3 months later by a switch of the acellular
dermal matrix type to a product with a 3-log fur-
ther improvement in sterility assurance level. The
primary objective of this study was to compare
rates of infection after immediate prepectoral
breast reconstruction with the use of two differ-
ent acellular dermal matrices. Our secondary
objective was to report our experience with man-
agement of these infectious complications with a
novel diagnostic and therapeutic technique.

PATIENTS AND METHODS

Study Design

We undertook a retrospective review of
patients who underwent immediate prepectoral
breast reconstruction performed by a single
plastic surgeon (N.P.B.) from February of 2017
to July of 2020. Data collected for each patient
during chart review included type of reconstruc-
tion (direct-to-implant versus tissue expander);
laterality of procedure; patient height, weight,
and body mass index; diabetes; type of acellular
dermal matrix; radiation therapy; chemotherapy;
nipple-sparing versus skin-sparing mastectomy;
type of acellular dermal matrix used; implant vol-
ume or initial tissue expander fill; time to drain
removal; and development and management of
infection.

Surgical-site infections were diagnosed when
patients presented with breast erythema, swelling,
drainage, and/or fevers/chills. Minor infections
were those that were managed with oral antibi-
otics, whereas major infections were those that
required intravenous antibiotics, operating room
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take-back, or explantation. This study was per
formed in accordance with the ethical principles
outlined in the Declaration of Helsinki.

Surgical Technique

Preoperatively, patients underwent nasal swab
cultures for methicillin-resistant Staphylococcus
aureus screening and were decolonized if positive.
Antibacterial soap was recommended for bathing
both preoperatively and postoperatively for all
patients.

The senior author consistently worked with
the same four oncologic surgeons throughout
the study period. After the completion of mastec-
tomy, the skin was reprepared with 10% povidone-
iodine and redraped with sterile surgical drapes
over the previous drapes. The mastectomy pocket
was irrigated copiously throughout the case with
triple-antibiotic solution containing 1 liter of nor-
mal saline, 1 g of vancomycin, 80 mg of gentami-
cin, and 50,000 U of bacitracin (as of February
of 2020, injectable bacitracin was no longer avail-
able on the market), mixed with 100 ml of 10%
povidone-iodine. Indocyanine green angiogra-
phy (SPY Elite; Stryker, Kalamazoo, Mich.) was
used with an appropriate implant sizer in place
and skin with poor perfusion was débrided. In
cases of globally poor perfusion on SPY, recon-
struction was delayed. Before permanent implant
placement, the wounds were reprepared with
povidone-iodine. A no-touch technique was used,
with minimal handling of the permanent implant
and use of an implant delivery device when
appropriate.'®!

The senior author used AlloDerm SELECT
(Allergan/AbbVie, Dublin, Ireland, and Chicago,
Il.) for anterior coverage of the tissue expander
or implant from July of 2017 through December
of 2018. One sheet of 16 x 20-cm ready-to-use
product (or two smaller 8 x 20-cm sheets sewn
together, depending on availability) was manu-
ally perforated on the back table. DermACELL
(LifeNet Health, Virginia Beach, Va.) was used
from January of 2019 through July of 2020 in a
similar fashion, with the same product sizes. After
rinsing and soaking in the antibiotic/povidone-
iodine solution, 2-0 Vicryl suture (Ethicon, Inc.,
Somerville, N.J.) was used to anchor the acellu-
lar dermal matrix construct to the medial, supe-
rior, and lateral aspects of the mastectomy pocket.
The implant was inserted through the remaining
opening inferiorly, with excess acellular dermal
matrix draped underneath the implant laterally
and inferiorly to create a greater zone of adher-
ence to mitigate inferior descent. Further 2-0
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Vicryl sutures were used to anchor the folded
edge of the acellular dermal matrix to the infe-
rior chest wall to reestablish the inframammary
fold. The same insetting technique was used with
both acellular dermal matrix types. Before clo-
sure, a single, 15-French, round-channel drain
was placed along the lateral, inferior, and medial
aspects of the implant/acellular dermal matrix
construct by means of a tendon-passer to obtain a
long subcutaneous tunnel between the implant/
acellular dermal matrix and the drain-exit site at
the skin. Postoperatively, patients were prescribed
cefadroxil (Duricef; Bristol-Meyers Squibb, New
York, N.Y.) or doxycycline (for penicillin-allergic
patients) as antibiotic prophylaxis untl drain
removal.”? An occlusive dressing was maintained
around the drain site.

With the change to the prepectoral technique,
the senior author noticed an increase in postop-
erative infections to nearly one in four patients,
compared to one in 26 patients when AlloDerm
had been used with a subpectoral technique in
previously published data.” This led to a quality
improvement initiative at the hospital, in which
the operating rooms were terminally cleaned and
scrub/circulating staff were screened for methi-
cillin-resistant Staphylococcus aureus colonization.
Scrubbing, preparing, and draping were observed
and evaluated to ensure that proper techniques
and protocols were being followed. No deficien-
cies in these processes were identified. Three
months before the change in acellular dermal
matrix, one other change took place with respect
to drain management in October of 2018. Before
that time, drains were left in place until drain-
ing less than 25 ml/day for at least one 24-hour
period. After that time, drain removal took place
only after observing drainage less than 25 ml/day
for 2 consecutive days."

In afebrile patients without obvious fluid col-
lections, if infection was suspected, antibiotics
were administered with close clinical follow-up. In
the presence of marked erythema, swelling, fluid
collection, or fever, patients were admitted and
treated with intravenous antibiotics, and samples
were obtained by ultrasound guidance from the
suspected infection site and cultured. When avail-
able, the fluid was submitted for quantitative poly-
merase chain reaction testing to identify bacterial
organisms and antibiotic susceptibility within 48
hours, which were then used to inform antibiotic
selection. If patients failed to improve on intra-
venous antibiotic therapy, those with the need
for expedited upcoming chemotherapy or radia-
tion therapy underwent primary explantation. If

implant salvage was attempted, surgical technique
involved liberal antibiotic irrigation of the breast
pocket, removal and replacement of any unincor-
porated acellular dermal matrix, replacement of
implant or expander, and placement of absorb-
able antibiotic beads (STIMULAN; Biocomposites
US, Wilmington, N.C.) tailored to the quantita-
tive polymerase chain reaction results with con-
servative excision of the previous mastectomy
incision.’!9

Statistical Analysis

Patients were divided into two groups based on
the type of acellular dermal matrix used to com-
pare patient characteristics and rates of infection.
Descriptive statistics were calculated, and compar-
isons were undertaken using the two-tailed ¢ test
to compare means/continuous variables and chi-
square analysis or Fisher’s exact test for propor-
tions/categorical variables. A value of p < 0.05 was
considered significant.

RESULTS

Patient demographic and surgical detail
comparison by group is shown (Table 1). Group
demographics were well matched, and rates of
nipple-sparing mastectomy were comparable
between the groups. There was a higher rate of
bilateral and direct-to-implant reconstructions
in the DermACELL group. Average initial fill
volume was greater in the DermACELL group
(486 + 107 ml versus 375 + 102 ml; p < 0.001). In
addition, reflective of the change in drain proto-
col, the average drain duration was longer in the
DermACELL group (9.6 + 2.7 days versus 7.7 +
3.1 days; p = 0.006). Consistent with the change

Table 1. Patient and Surgical Details
AlloDerm DermACELL

(%) (%) b
No. of patients 41 38 —
Average age, yr 49 45 0.121
Average BMI, kg/m?® 25.4 25.6 0.812
Diabetes 2 (4.9) 1 (2.6) 0.602
Chemotherapy 10 (24.4) 8 (21.1) 0.793
Radiation therapy 12 (29.3) 12(31.6)  0.793
Ni]pple«sparing mastectorny 35 (85.4) 33 (86.8) 0.850
Bilateral 24 (58.5) 31 (81.6)  0.030%
Unilateral 17 (41.5) 7 (18.4) —
Direct-toimplant 25 (61.0) 35 (92.1) 0.001*
Tissue expander 16 (39.0) 3(7.9 _—
Average initial fill volume, ml 375 486 <0.001*
Average drain duration, days 7.7 9.6 0.006*
Presence of infection 11 (26.8) 2 (5.3) 0.014%*
Average follow-up, mo 294 10.1 <0.001*

BMI, body mass index.
*Statistically significant.
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in acellular dermal matrix in January of 2019 and
the use of the AlloDerm group as the historical
comparison, the follow up time in the AlloDerm
group was significantly longer (29.4 + 6.1 months
versus 10.1 = 5.4 months in the DermACELL
group; p<0.001).

The postoperative infection rate was signifi-
cantly higher in the AlloDerm group compared
with the DermACELL group [11 of 41 (26.8 per-
cent) versus two of 38 (5.3 percent); p = 0.014]
(Table 2). The first patient in the DermACELL
group who was treated with antibiotics presented
with right breast erythema on postoperative day 8
following nipple-sparing mastectomy and bilateral
direct-to-implant reconstruction. She was placed
on doxycycline without improvement in the ery-
thema but remained afebrile with a normal white
blood cell count. Because of persistence of the
erythema, she was admitted to the hospital and
placed on intravenous antibiotics. There were no
fluid collections on ultrasound. After 2 weeks of
antibiotic treatment, the erythema resolved and
she did not require operative management. Of
note, she had a history of lumpectomy and radia-
tion therapy to the right breast 14 years previously
and her direct-to-implant volume was 700 cc bilat-
erally, the largest in the series.

The second patient in the DermaCELL group
who was treated with antibiotics initially under-
went direct-to-implant reconstruction, with an
implant volume of 500 cc. The drain was removed
uneventfully on postoperative day 15. Two months
after surgery, she presented to the clinic with a
right-hand burn acquired while cooking and com-
plicated by cellulitis. The erythema tracked up her
arm and she also had a warm and erythematous
right breast. She remained afebrile with a normal
white blood cell count. She underwentwound care
for the hand and was admitted to the hospital for
intravenous antibiotic treatment overnight, then
was discharged on Augmentin (GlaxoSmithKline,
Research Triangle Park, N.C.) and doxycycline.

Table 2. Infection Details

AlloDerm  DermACELL

(%) (%)
No. of patients 4] 38
No. of infections 11 (26.8) 2:(5.3)
Minor infections 0 1
Major infections 11 1
Salvage with oral antibiotics 0 1/2 (50)
Salvage with intravenous 2/11 (18.2) 1/2 (50)

antibiotics

Return to operating room 9/11 (81.8) 0
Explanted 3/11 (27.3) 0
Salvage with implant 6/11 (54.5) 0

replacement/antibiotic beads
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She has since been seen in the clinic with resolu-
tion of upper extremity and breast erythema.

Among the 11 AlloDerm patients who devel-
oped infection, all were major infections treated
with either intravenous antibiotics or return
to the operating room. Two were able to be sal-
vaged with intravenous antibiotics, whereas nine
of 11 patients (81.8 percent) required operative
intervention for either explantation to expedite
chemotherapy/radiotherapy (three of nine) or
attempt at salvage with implant replacement and
quantitative polymerase chain reaction-tailored
antibiotic beads. This protocol was successful in
five of six patients, as one patient developed early
skin breakdown and implant exposure (however,
a second salvage attempt was successful). Of the
other five patients, all healed uneventfully from
their initial salvage procedure. However, one of
these patients went on to receive radiation therapy
that resulted in wound breakdown and implant
removal, and the patient ultimately elected for
autologous reconstruction.

DISCUSSION

With increased acceptance of acellular dermal
matrix use, the prepectoral technique, which uses
acellular dermal matrix for either full circumfer-
ential or anterior-only coverage of the implant, has
emerged as a popular option because it has been
suggested to improve aesthetic outcomes and to
decrease postoperative pain, animation deformity,
and capsular contracture.”” Regarding anima-
tion, the senior author surveyed her subpectoral
patients and found that over half would have been
interested in a procedure not complicated by ani-
mation, provided there was minimal additional
risk.” As such, her practice evolved to prepectoral
breast reconstruction, as early reports in the lit-
erature were consistent with a low complication
profile. However, when an alarming increase in
infection was noted with the new technique, qual-
ity improvement was initiated, and changes were
made in acellular dermal matrix type and drain
management. The primary goals of this study
were to quantify and compare rates of postopera-
tive infection following immediate prepectoral
breast reconstruction before and after a change in
acellular dermal matrix and drain protocol, and
report our experience with the management of
postoperative infection in these patients.

The postoperative infection rate was found to
be significantly decreased in patients who received
DermACELL and a more stringent drain protocol
compared with patients who received AlloDerm.
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Despite a healthy, nonsmoking population with
normal body mass index and minimal comor-
bidities in both groups, there was a significantly
higher complication rate with use of AlloDerm.
Furthermore, even with greater proportion of
direct-to-implant reconstruction, bilateral proce-
dures, and higher average initial implant volume
in the DermACELL group, a lower rate and sever-
ity of infection was achieved.

Several factors could have contributed to low-
ering the infection rate. Experience was gained
with prepectoral reconstruction over the course
of the study, and a “learning curve” effect could
have occurred, although in fact, surgical tech-
nique did not change. Alternatively, the more
stringent drain protocol may have contributed
to decreased seroma and better incorporation of
acellular dermal matrix, potentially leading to a
lower rate of infection. The change in drain proto-
col occurred 3 months before the change in acel-
lular dermal matrix, yet two infections occurred
in December of 2018—the same number of infec-
tions in the entire DermACELL group over nearly
2 years. Furthermore, the severity of infection was
less in the DermACELL group, as the infections
in this group did not require operative manage-
ment. Certainly, the association between fluid
collection/seroma and development of infection
is a well-known principle of surgery. However, a
direct linkage between drain output threshold
for removal and drain duration and develop-
ment of infection has not been established in the
literature. Although there are no studies specifi-
cally correlating drain management and infection
outcomes in prepectoral reconstruction, several
large case series report differing removal proto-
cols, from drain removal strictly at 7 days to drain
removal after 2 consecutive days of less than 20
to 25 ml/day output,'**! whereas Antony and
Robinson™ and Shitany® recommend in separate
publications that drains remain in place for 2 to
3 weeks. Further study is required to determine
the contribution of drain volume and duration
to infection in breast reconstruction, particularly
with the prepectoral technique. In conjunction
with the change in drain protocol, the switch of
acellular dermal matrix from AlloDerm (sterility
assurance level, 107) to DermACELL (sterility
assurance level, 10-°) may have played a role in
the reduction in the rate of infection.

The use of acellular dermal matrix in breast
reconstruction has been associated with higher
rates of seroma and infection in some studies®-*;
however, others have found equivalent complica-
tion rates with and without the use of acellular

dermal matrix.** Industry funding of research
involving acellular dermal matrix in breast recon-
struction may compromise reliability of results,
and as in all of medicine, negative findings may
be underpublished, biasing the available litera-
ture.* Comparisons of different types of acellu-
lar dermal matrix in subpectoral reconstruction
have demonstrated higher rates of seroma (12.7
percent) and red breast syndrome (26 percent)
with use of AlloDerm.*®* Prior studies have spe-
cifically compared AlloDerm and DermACELL in
the subpectoral reconstruction context and have
not found differences in the rate of infection.**
However, with the greatly increased amounts
of acellular dermal matrix used in prepectoral
reconstruction, it seems plausible that complica-
tion rates may increase proportionately.

Prior research supports the concept of greater
risk of complications with greater surface area
of acellular dermal matrix. Weichman and col-
leagues in 2012 found that AlloDerm surface area
was larger in patients who experienced compli-
cations following partial subpectoral reconstruc-
tion.” Corroborating these findings, Selber et al.
in 2015 found that the risk of seroma quadrupled
as the surface area of acellular dermal matrix used
in the reconstruction doubled.* Further support-
ing this relationship is the work of Hadad et al.
in 2015, who describe the adoption of an acellu-
lar dermal matrix minimal use technique with a
goal of reducing complications.*® When they ret-
rospectively compared their patients, they found
a lower risk of complications, including infection,
seroma, and explantation, in the minimal acel-
lular dermal matrix group. Considered together,
these studies strongly implicate acellular dermal
matrix in complications after breast reconstruc-
tion, analogous to a “dose-response” relationship
with respect to acellular dermal matrix surface
area. These findings reflect the senior author’s
experience with transition to prepectoral recon-
struction, increase in surface area of acellular der-
mal matrix used, and a concomitant increase in
infectious complications.

With increased reliance on large amounts of
acellular dermal matrix for the success of pre-
pectoral techniques, it directly follows that the
properties of the acellular dermal matrix with
respect to incorporation, sterility, and implant
support are that much more important to con-
sider. In our study, two terminally sterile acellular
dermal matrices were used. AlloDerm Ready-to-
Use, with a sterility assurance level of 107, rep-
resents a one in 1000 chance of an organism
surviving in the product following sterilization,
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whereas DermACELL and several other available
acellular dermal matrices have a sterility assur-
ance level of 10°%, representing a one in 1 mil-
lion chance. Although both products meet the
U.S. Food and Drug Administration standard
of sterility for allograft and biological materials,
only acellular dermal matrices that have a sterility
assurance level of 10-° meet the standard used for
implanted medical devices.** Histologically, acel-
lular dermal matrix with a sterility assurance level
of 10°® has been observed to produce less inflam-
mation, less granulation tissue, and less fibrosis
than native tissue following breast reconstruction,
although these data are limited by small sample
size.*® Although the contribution of acellular der-
mal matrix—processing techniques and sterility
assurance level to in vivo performance of acellular
dermal matrix has had some exploration in the
context of subpectoral techniques, it has not
been well studied in prepectoral reconstruction
with its associated larger amounts of acellular der-
mal matrix and deserves more attention. Whether
or not a 3-log further reduction in sterility assur-
ance level or another property of the acellular
dermal matrix specifically led to decreased rates
of postoperative infection/complication is not
possible to correlate based on our study design;
however, these results raise questions for future
investigation.

Strengths of this study include consistent
surgical technique and relatively healthy patient
cohorts. Because of the high infection rate with
AlloDerm, the senior author gained significant
experience in managing infections, and absorb-
able antibiotic beads were a valuable resource
and have been described.’!%%* Notably, patients
whose reconstructions were salvaged with antibi-
otic beads did not seem to develop capsular con-
tracture. Although there have been reports of the
utility of antibiotic beads, the use of quantitative
polymerase chain reaction to rapidly guide antibi-
otic selection in the clinical management of breast
periprosthetic fluid collections has not been pre-
viously described in the literature. Quantitative
polymerase chain reaction uses “next-generation”
genetic sequencing technology to sequence the
genome of any bacteria that may be present in
the sample.*® Individual genes lending antibiotic
resistance are also identified. The advantage of
quantitative polymerase chain reaction is timely
identification (<2-day turnaround) of both organ-
ism and susceptibility, allowing for appropriate
antibiotic selection for the absorbable beads. The
downside is that the test has high sensitivity and
may identify organisms that are nonpathologic
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(however, it could be argued that any bacteria iso-
lated from a breast pocket represents a pathogen).
Multiple recent studies are applying this technol-
ogy to the study of capsular contracture,®%” but
the clinical use of quantitative polymerase chain
reaction in breast reconstruction represents a
novel application of this diagnostic modality that
deserves further study.

Limitations of the study include its retrospec-
tive nature, use of a historical comparator group,
and relatively small sample size. The drain proto-
col and acellular dermal matrix switch occurred
3 months apart, and the study design is unable
to determine the relative contribution of each
of these measures to the reduction in rates of
infection. In addition, the high rate of infection
experienced with AlloDerm in our study deviates
markedly from the low rates of infection in prior
case series of prepectoral reconstruction,'*?! and
comparisons of subpectoral and prepectoral tech-
niques have demonstrated similar rates of infec-
tion.!9**6! Patient characteristics and surgical
technique were generally similar to these prior
reports and it is unknown why such a high rate of
infection was experienced with AlloDerm in our
patients. Furthermore, the dose-response rela-
tionship of acellular dermal matrix and complica-
tions demonstrated by prior studies?®®**4 are not
reflected in the recent published comparisons of
subpectoral and prepectoral reconstruction,5-5!
and these discrepancies in the literature deserve
further exploration. Nonetheless, we believe the
questions raised by this study’s findings deserve
well-designed follow-up investigations, which may
either refute or corroborate this report with more
solid evidence.

At the time of submission, this report was one
of the first studies to compare infection outcomes
associated with varying acellular dermal matrix
type in prepectoral breast reconstruction, although
results from a randomized trial comparing acellu-
lar dermal matrices in prepectoral reconstruction
will be forthcoming.®® It is our view that acellular
dermal matrix is an additional variable in implant-
based reconstruction and that it is only reasonable
to think that it may contribute to increased post-
operative complications; furthermore, the signifi-

* cantly larger amounts that are used in prepectoral

reconstruction place this technique in a different
category of study. It is important to ensure that
prepectoral reconstruction and increased use of
acellular dermal matrix do not result in increased
rates of complications. In an otherwise higher risk
population in terms of direct-to-implant, bilateral
procedures, and implant fill volumes, a reduction
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in infection risk was observed with change of acel-
lular dermal matrix and drain protocol. As such,
careful product selection and postoperative drain
management are critical to successful patient out-
comes. Further research is required to determine
the relative contribution of acellular dermal matrix
processing techniques and level of sterility to rate
of incorporation and development of postopera-
tive infection. Larger prospective clinical trials of
different acellular dermal matrices are needed to
determine the true role acellular dermal matrix
type and processing play in postoperative compli-
cations and outcomes following breast reconstruc-
tion with a prepectoral technique.
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9210 Forest Hill Avenue, Suite Bl
Richmond, Va. 23235
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