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Background: Prepectoral implant-based breast reconstruction is an alternative to
subpectoral/dual-plane reconstruction.

Methods: This study examined outcomes of prepectoral reconstruction using a
meta-analysis of data pooled with data from our previous review. Thirty studies

Results: Explantation, seroma, and infection were the most common complica-
tions with no animation deformity reported. Significantly lower odds of infection
were observed with prepectoral compared with dual-plane reconstruction.

Conclusions: Current literature suggests that prepectoral reconstruction may be
associated with lower rates of postsurgical infections. (Plast Reconstr Surg Glob Open
2021,;9:¢3825; doi: 10.1097/GOX.0000000000003825; Published online 26 October 2021. )

INTRODUCTION

Implant-based breast reconstruction (IBBR) is the
most common method of breast reconstruction follow-
ing mastectomy.! Advancements in implant technology,
improved mastectomy techniques, autologous fat grafting,
and acellular dermal matrices (ADM) have contributed to
favorable outcomes. Such outcomes have made IBBR a
standard of practice in breast reconstruction.”” In 2020,
103,485 IBBR procedures were performed in the United
States, of which 59,247 (57%) used an ADM for reinforce-
ment of weakened thin tissue.’

Two-stage, dual-plane breast reconstruction, in which
the breast implant is placed partially behind the pectoralis
major muscle and partially behind the lower mastectomy
skin flap with lower pole reinforcement using ADM, has
been the most common technique of breast reconstruc-
tion in the United States. Although placing the prosthetic
device under the pectoralis major muscle provides good
coverage of the superior pole, it can be associated with
postoperative pain, animation deformity, and surgical
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morbidity following detachment of the inferior origin of
the pectoralis major muscle.’

Prepectoral breast reconstruction is an alternate
technique that involves placing the implant above the
pectoralis major muscle with or without mesh reinforce-
ment. Because prepectoral breast reconstruction does not
involve pectoral muscle detachment, it minimizes many of
the untoward events that follow a dual-plane breast recon-
struction such as animation, discomfort resulting from
muscle spasm, and implant lateralization.*” Additional
benefits include optimal placement of the prosthetic
device on the chest wall to mimic that of the natural
breast. These benefits, along with evolving surgical tech-
niques, are making prepectoral breast reconstruction a
viable alternative approach in IBBR for patients.”®

We previously conducted a review of the literature and
meta-analysis to evaluate early postsurgical outcomes and
analyze trends in complication rates associated with prepec-
toral breast reconstruction.’ The literature review included
14 studies and demonstrated an overall low incidence of
complications with the prepectoral technique, consistent
with those generally associated with breast reconstruc-
tion. The meta-analysis of four head-to-head studies found
similar complication rates between the prepectoral and
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dual-plane techniques, suggesting that prepectoral breast
reconstruction is a feasible option for selected patients.’
Since the completion of our study, there has been a growth
in the body of literature reporting outcomes with prepec-
toral breast reconstruction.”!* None of these studies are
large, well-controlled trials that provide definitive answers
regarding the use of prepectoral or dual-plane for breast
reconstruction; however, they add valuable information to
a growing body of literature. The objective of this study was
to provide updated evidence based on a literature review
of outcomes following prepectoral breast reconstruction,
and a comparative analysis of complication rates between
studies that directly compared prepectoral and dual-plane
breast reconstruction.

MATERIALS AND METHODS

Search Strategy, Selection Criteria, and Screening

The PubMed/MEDLINE database was used for a liter-
ature search to identify studies published from November
19, 2016 through June 25, 2018, using the following search
terms: {[ ({[ (prepectoral) OR subcutaneous] OR prepec-
toral} OR subglandular) AND breast reconstruction] AND
implant}. Manual searches were also conducted to identify
conference abstracts/posters. Inclusion criteria were as
follows: studies reporting on IBBR that were mesh-assisted
(ADM or synthetic), studies conducted in humans, and
single arm or comparative studies reporting outcomes
of prepectoral technique. Exclusion criteria included
reviews, commentary, opinion pieces and narratives, sur-
veys, non-English-language publications, and small sam-
ple size (<10 patients). Studies identified from the current
search were combined with the 11 studies®”**** from our
previous search of studies published between January 1,
2010 and November 18, 2016.° The same search criteria
were used in the previous search, with the exception that
there was no minimum sample size. Therefore, when
applying the current criteria to the studies from the ini-
tial search, two of the 14 studies from previous analysis
were excluded in this analysis. In addition, an abstract
from the previous search was removed from the analysis
because the final peerreviewed article of the same data
was included in the current search. Although not primary
objectives of this analysis, the studies were reviewed for
patientreported outcomes and health resource utiliza-
tion outcomes. However, analyses pertaining to these mea-
sures were not included given the small number of studies
reporting on these outcomes and the variability in patient-
reported outcome instruments and follow-up time points,
surgical techniques, and hospital settings.

Data Extraction

Variables extracted from each study included study
characteristics (year, country, single-site versus multi-
site, study design, sample size), patient characteristics
[age, body mass index (BMI), comorbidities, previous
breast surgery, chemotherapy/radiation exposure], sur-
gical characteristics (technique, name and size of ADM/
mesh, stage and type of reconstruction), and postsurgical
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characteristics (rates of infection, seroma, hematoma,
dehiscence, implant exposure/removal, flap necrosis, ani-
mation deformity, and capsular contracture).

Data Synthesis and Statistical Considerations

For the literature review, patient characteristics and
outcomes for prepectoral technique were extracted from
publications, and weighted averages were calculated
according to sample size of individual studies. Patient
characteristics were weighted by number of patients, and
clinical outcomes and follow-up time were weighted by
number of breasts.

For studies that did not report follow-up time, weighted
average of the follow-up times reported in other stud-
ies was used. For studies that reported median follow-up
time (as well as age, BMI, and other factors) along with
ranges, mean and SD were calculated using the formula
mean = (a + 2m + b) /4, where a = minimum end of the
range, m = median, b = upper end of the range, and
SD = range/2. If the median was presented along with the
interquartile range, the mean was calculated using the fol-
lowing formula: mean = (ql+m+q3)/3, where ql and q3
represent the first and third quartile, respectively, and m =
median; SD = interquartile range/1.35.% Bivariate analyses
were performed on prepectoral data to identify whether
any patient or surgical factors significantly correlated with
complications. A heat map was created using RStudio
(RStudio, Inc., Boston, Mass.) for models, where a signifi-
cant correlation was found. A Pvalue of less than 0.05 was
considered a significant correlation. For studies that con-
ducted head-to-head comparison of outcomes between
prepectoral and dual-plane techniques, comparative anal-
yses were conducted by pooling outcomes data and calcu-
lation of weighted averages. Weighted averages were taken
according to sample size of individual studies. T-test and
chi-square tests were performed to compare pooled data
between prepectoral and dual-plane techniques.

A meta-analysis was conducted to compare compli-
cation rates between prepectoral and dual-plane breast
reconstruction in head-to-head studies. A weighted esti-
mator, inversely proportional to the variance in each
study, was used to weight individual effect sizes. Weighted
mean odds ratios (OR) were calculated to determine the
comparative risk of complications between prepectoral
and dual-plane breast reconstruction. Outcomes were
adjusted per person-year to control for variable follow-up
times across studies and groups. Homogeneity of effect
sizes across studies was assessed using a chi-square test on
Cochran’s Q statistic (significant at P < 0.05). This test
determined whether a fixed effects or random effects
approach was taken.™

RESULTS

Literature Review
Study Characteristics

In total, 77 studies were identified from the PubMed/
MEDLINE search of studies published from November 19,
2016 through June 25, 2018, and two additional studies
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were identified through manual searches. After a review of
abstract titles, 28 citations were identified and further eval-
uated. Of these, seven were excluded because they were
review articles, duplicates, opinion commentaries, or non-
relevant. Two additional articles were excluded because
of a sample size of 10 or fewer or because they did not
report use of an ADM or mesh for IBBR. The remaining
19 articles published between November 2016 and June
2018 were combined with 11 studies®"*~** from our pre-
vious search that met these study criteria,’ resulting in a
total of 30 studies being included in the current literature
review (Figure 1).

In the combined studies encompassing the current
dataset, 27 studies were from peer-reviewed journals and
three were abstracts (Table 1); Nineteen?!!-17:20:21:21,26-30,52,35,37
of these were retrospective studies, whereas 11
#IL3L5 were prospective studies. An almost equal number
of studies were conducted in the United States [16/30
(53.33%)] and Europe [14/30 (46.67%)]. One-stage
reconstruction was reported in 18 (60.00%) studies, which
was particularly driven by the studies from Europe, where
11 reported one-stage reconstruction. Among the studies
conducted in the United States, seven reported on one-
stage reconstruction [7/16 (43.75%)], five on two-stage
reconstruction [5/16 (31.25%)], and four on a combi-
nation of one-stage and two-stage reconstruction [4/16
(25.00%)1. A majority of the studies reported the use of
ADM (90%) versus synthetic/absorbable mesh (13.33%)
(Table 1). The mean follow-up time reported was 14.41
months (range 3-25 months) following prepectoral breast
reconstruction.

5,6,10,18,19,22,23,

Studies identified through Medline/PubMed (n = 77)
+

Hand searches (n = 2)

Cursory review of abstracts (n = 28)
Excluded (n=7)
Reviews, opinion
pieces,case reports,

nonrelevant duplicate
articles
Excluded (n=2)
Non-mesh,
Selected ADM-assisted,
studies sample size below 10
(n=19)
List of studies from List of studies from
this search + previous search
(11/19/16-6/25/18) (1/1/10-11/18/16)
(n=19) (n=11)

Final list of studies included in the
literature review and meta-analysis
(N =30)

Fig. 1. Flow of the systematic literature search.

Patient Characteristics and Complication Rates

A total of 1501 patients (2316 breasts) across 30 studies
were identified. The mean (SD) age and BMI of patients
were 49.62 (11.58) years and 26.82 (4.35) kg/m?, respec-
tively. At the time of the study, 6.76% of all patients were
smokers. A quarter of the patients had undergone pre- or
postoperative chemotherapy, whereas 5.84% and 15.96%
of the patients received pre- or postoperative radiation,
respectively. Overall, 90.17% of patients underwent ADM-
assisted breast reconstruction. Prior breast surgery was
reported in 52.58% of patients based on 11°!*21.242.27-52
studies providing this information; however, the proce-
dure type and time since the earlier procedure were gen-
erally not reported (Table 2).%

The pooled complication rates showed that the most
common complications associated with prepectoral
breast reconstruction were explantation (5.22%), seroma
(5.19%), infection (4.43%), and flap necrosis (4.14%)
(Fig. 2). Other complications included dehiscence
(2.22%), red breast syndrome (1.65%), capsular con-
tracture (1.23%), and extrusion (1.38%). Reoperation
was performed in 9.22%, as reported in seven™!!%16:1821.51
studies. Of the seven”!720:2127:2957 siudies that evaluated ani-
mation deformity, no cases were reported in patients who
underwent prepectoral breast reconstruction (Fig. 2).

Bivariate analysis of patient characteristics (pre- and
postoperative treatment, comorbidities) and complica-
tions showed a significant positive correlation between
smoking and explantation, preoperative radiation and
flap necrosis, postoperative chemotherapy and infection,

Table 1. Study Characteristics

Studies, N = 30

Types of publication, n (%)

Congress abstract

Peer-reviewed journal article 2
Location, n (%)

3

7
United States 16 (53.33)
Europe 14 (46.67)

Procedure type, n (%)

One-stage reconstruction 18 (60.00)
Two-stage reconstruction 6 (20.00)
Both 5 (16.67)
Unreported/unknown 1(3.33)

Mesh type, n (%)

ADM only 25 (83.33)
Synthetic/absorbable only 3 (10.00)
Both 2 (6.67)
Unreported 0
Mesh name*, n (%)
Alloderm [LifeCell Corporation (an AbbVie 11 (86.67)
affiliate), Bridgewater, N.J.]
Braxon (Medical Biomaterial Products GmbH, 7 (23.33)

Neustadt-Glewe, Germany)
Strattice [LifeCell Corporation (an AbbVie 4 (13.33)
affiliate), Bridgewater, N.J.]

TiLoop Bra [Produkte fiir die Medizin AG, 3 (10.00)
Cologne, Germany]

FlexHD [Musculoskeletal Transplant 2 (6.67)
Foundation, Edison, N.J.]

Artia [LifeCell Corporation (an AbbVie affiliate), 2 (6.67)
Bridgewater, N.J.]

Vicryl (Ethicon, Somerville, N.J.) 1 (3.33)

Native (Medical Biomaterial Products GmbH, 1 (3.33)
Neustadt-Glewe, Germany)

Unreported/unknown 3 (10.00)

*Multiple meshes may have been used in a single study.



Table 2. Patient Characteristics

No. Studies Variable Value*
30 No. patients 1501

30 No. breasts 2316

97 Age (SD) 19.62 (11.58)
%5 BMI (SD) 96.82 (4.35)
24 Smokerst 6.76%
16 Prior chemotherapy 22.83%
23 Prior radiation 5.84%
14 Postoperative chemotherapy 23.79%
22 Postoperative radiation] 15.96%
11 Prior breast surgery 52.58%
30 ADMe-assisted 90.17%
28 Follow-up time, mo (range) 14.41 (3-25)

*Weighted by sample size (number of patients) except for follow-up time,
which is weighted by the number of breasts.

1% smokers is reported as current smokers if current and former smokers are
presented separately or as all smokers if not reported separately.
{Postoperative radiation is reported as either after expander placement or
after implant placement.

as also observed in our original study.” Furthermore, there
was also a significant positive correlation between preop-
erative chemotherapy and infection, preoperative radia-
tion and capsular contracture, postoperative radiation
and explantation, and postoperative radiation and infec-
tion (Fig. 3).

Head-to-Head Comparison of Prepectoral versus Dual-plane
Reconstruction

Patient Characteristics

Nine studijes'?!#16:21-20283031 ywere jdentified that directly
compared outcomes for patients undergoing prepectoral
versus dual-plane reconstruction [n = 362 patients (538
breasts) in the prepectoral group; n = 471 patients (698
breasts) in the dual-plane group]. Patient characteristics
such as preoperative radiation and chemotherapy, previ-
ous breast surgery, and follow-up time after breast recon-
struction were generally similar between groups, although
there was a significantly higher proportion of smok-
ers (4.74% prepectoral versus 11.71% dual-plane) and
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Fig. 3. Heatmap showing correlation between comorbidities and
complications. NA, not applicable; RBS, red breast syndrome.

postoperatively radiated patients (13.33% versus 21.04%)
in the dual-plane group, and a higher proportion of dia-
betic patients (7.38% versus 3.07%) in the prepectoral
group (Table 3).10:1516:24-20285031 Fight of the nine studies
reported complication rates. In a comparison of weighted
means from these studies, complication rates with pre-
pectoral versus dual-plane IBBR were similar, except that
the occurrence of capsular contracture was significantly
less in the prepectoral group (Table 4).'0:1%24-26.28,50.31

Meta-analysis of Complication Rates
The meta-analysis results revealed no significant differ-
ences in the incidence of seroma, hematoma, flap necrosis,

2.38 222 1.65 1.23 1.38 0
Hematoma Dehiscence Red breast Capsular  Extrusion Hyper-
syndrome contracture animation

13 15 6 16 5 7

Fig. 2. Complication rates associated with prepectoral breast reconstruction. Pooled estimates weighted by sample size (humber of
breasts). Complication rates are reported post expander placement if the study separates complications after expander and complica-
tions after implant. Flap necrosis includes skin necrosis and nipple necrosis.
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Table 3. Patient Characteristics between Prepectoral and Dual-
plane Groups among Comparative Studies'%'316:24-26:283031

Variable Prepectoral* Dual-plane*
No. patients 362 471

No. breasts 538 698
Age (SD) 50.99 (12.12) 49.86 (11.13)
BMI (SD)+ 26.70 (4.58) 25.86 (5.02)
Unilateral procedure 57.26% 58.06%
Smokers 4.74% 11.71%
Diabetes? 7.38% 3.07%
Hypertension 19.67% 16.10%
Prior chemotherapy 18.51% 18.04%
Prior radiation 6.63% 5.88%
Postoperative chemotherapy 24.12% 23.64%
Postoperative radiation 13.33% 21.04%
Prior breast surgery 14.78% 15.03%
Follow-up time, mo (range) 7.00 (3-14) 8.06 (3-14)

*Weighted by sample size (number of patients) except for follow-up time,
which is weighted by number of breasts.

TOne study did not report BMI; however, the proportion of high BMI (>35) was
significantly lower in the prepectoral group.

{Significant difference determined by chi-square test (< 0.05).

Walia et al'? did not report % unilateral. All procedures were assumed to be
unilateral.

explantation, and dehiscence between the prepectoral and
dual-plane groups. The prepectoral group had statistically
lower odds of infection compared with the dual-plane
group (OR 0.49; 95% CI 0.25-0.96; Figure 4). Capsular
contracture trended lower for the prepectoral group com-
pared with the dual-plane group, but results did not reach
statistical significance (OR 0.14; 95% CI 0.02-1.14).

DISCUSSION

In our recent updated search of the IBBR literature,
77 new studies published over a period of 20 months since
our initial search were screened, of which 19 were selected
for the literature review. In contrast, our initial research’
identified 95 articles published over 6 years, of which 11
were included in this analysis. While our initial meta-anal-
ysis included only four?>*7% head-to-head comparative
studies between prepectoral and dual-plane breast recon-
struction, the current search identified five'%'*!%?4% more,
increasing the power of the meta-analysis by pooling of
data from nine studies.

Table 4. Comparison of Weighted Averages* of
Complication Rates between Prepectoral and Dual-plane
Techniques.SJO,13,24—25,28,30,31

Prepectoral
(n = 8 studies,
n = 338 patients,

Dual-plane
(n = 8 studies,
n = 436 patients,

Complication n =499 breasts) n = 641 breasts)
Infection 3.75% 5.62%
Seroma 4.41% 4.08%
Hematoma 1.81% 2.14%
Flap necrosis 5.49% 5.80%
Explantation 4.90% 5.09%
Capsular 0.00% 14.79%
contracturet
Dehiscence 2.93% 2.59%

*Pooled estimates weighted by sample size (number of breasts); significance
not determined in pooled results.
TSignificant difference determined by chi-square test (P < 0.05).

Favors PP Favors DP OR (95% CI)

Infection* P 0.49 (0.25-0.96)
Seroma _— 1.18 (0.61-2.29)
Flap necrosis e 0.81(0.46-1.43)
Explantation . 0.93 (0.36-2.39)
Capsular contracture @p———~ 0.14 (0.02-1.14)
Dehiscence } 2 3 {1.61 (0.65—4.01)

T T T T T 1
*P<0.05 0 05 1 15 2 25 3 35 4

OR
Fig. 4. Meta-analysis of complication rates between prepectoral
and dual-plane techniques. OR less than one indicates a lower risk
of complication in the PP group compared with the DP group. For
calculation of OR in the meta-analysis, if there was no incidence of a
complication, the number of exposures was counted as 0.5. DP, dual-
plane; PP, prepectoral.

The trend we observed in our first literature analysis for
a substantial number of studies using one-stage versus two-
stage breast reconstruction with prepectoral technique
continued in the updated analysis. This largely reflects the
proportion of studies from Europe, where one-stage is the
standard approach. Although there has been an increase
in the incidence of one-stage IBBR in the United States
(2016: 10.8% versus 2019: 17.8%), the majority of breast
reconstruction procedures are two-stage (2016: 89.2% ver-
sus 2019: 82.2%) based on recent statistics reported by the
American Society of Plastic Surgeons.”” In the current
analysis, 11 of 16 studies from the United States reported
performing one-stage or a combination of one- and two-
stage IBBR.

This literature review update, which includes almost
four times the number of patients from our original
analysis, continues to show that prepectoral breast recon-
struction is associated with an overall low incidence of
complications, largely consistent with the incidence of
complications with IBBR using the ADM-assisted dual-
plane technique. Subcutaneous implant placement with-
out disruption of the pectoralis major muscle has been
associated with absence of animation deformity,” which
is further supported by our findings across seven stud-
ies”!1%1720:2L27%9 reporting no cases of animation deformity
on follow-up after prepectoral breast reconstruction.
Associations between patient characteristics/comorbidi-
ties and surgical outcomes identified by the bivariate anal-
ysis are consistent with the findings in our original study.
BMI, use of tobacco, pre- and postoperative radiation, and
chemotherapy were found to be positively associated with
complications.

Comparison of weighted means of complications
between the two techniques demonstrated a significantly
lower rate of capsular contracture following prepectoral
breast reconstruction compared with dual-plane. The cur-
rent meta-analysis included only two studies™” [median
follow-up (range): 9.56 months (140-589)"’; median fol-
low-up: 25 months (16-40)°'] that showed a trend for a
lower rate of capsular contracture with prepectoral IBBR;
however, it did not reach statistical significance. Although
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all other complications were found to be comparable
between the techniques, the meta-analysis showed that
the odds of infection were significantly less with prepec-
toral versus dual-plane IBBR. These differences may be
attributed to a statistically significant, higher percentage
of smokers and postoperatively radiated patients in the
dual-plane versus prepectoral groups. Therefore, these
results should be interpreted with caution because it is not
possible to control for this variability without patient-level
data. Additional studies with longer follow-up periods are
needed to confirm the trend of lower capsular contracture
rates associated with prepectoral breast reconstruction. It
is postulated that prepectoral placement will decrease the
amount of implant movement that is typically seen when
implants are placed under the pectoralis major muscle.
Limitations identified in our initial analysis,” including the
small number of randomized comparative studies and the
potential for selection bias in retrospective studies; variable,
short follow-up times leading to underestimation of compli-
cation rates; variation in the use of one-stage versus two-stage
breast reconstruction; and type of ADM/mesh used, remain
applicable to this analysis. In addition, the inability to control
for patient comorbidities, such as smoking and postoperative
radiation, thatinfluence outcomes including infection, seroma,
and capsular contracture should be recognized in the overall
assessment of the data. Furthermore, many postoperative com-
plications after IBBR occur because the mastectomy skin flap
has significant ischemia and/or thermal injury. This variable is
extremely difficult to standardize in any meta-analysis, yet may
contribute more to postoperative complications than the place-
ment position of the implant. Finally, our study did not take
into consideration the additional cost of mesh for prepectoral
versus dual-plane IBBR. There have been several costeffec-
tiveness analyses in breast reconstruction comparing different
surgical approaches.”*** Consequently, and especially with
possible clinical benefits such as the lack of animation deformi-
ties, future studies comparing the cost-effectiveness of prepec-
toral implant placement to dual-plane IBBR are necessary.

CONCLUSIONS

Lower odds of infection after prepectoral reconstruc-
tion in comparison with dual-plane reconstruction sug-
gest that the prepectoral technique may have a positive
effect on postsurgical complications, bearing in mind that
patient characteristics and comorbidities can affect out-
comes following reconstruction. There remains a need
for large, prospective, comparative studies between breast
reconstruction techniques with long-term follow-up.
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