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KEYWORDS Summary Background: Complications of tissue expanders (TEs) in breast reconstruction are
Tissue expander challenging. We sought to identify TE infection risks and acellular dermal matrix (ADM) and
infection; infection control protocol impacts on infection in a longitudinal study.

Acellular dermal Methods: We retrospectively analyzed TE/implant reconstructions in 2004 (no ADM), 2009 (TE
matrix; and ADM), 2013 (TE, ADM, and infection control protocol), and 2015 (TE, ADM, and infection
Infection control control protocol). We assessed demographic, disease, and operative factors and analyzed rates
protocol; of seroma, hematoma, skin necrosis, and infection. Statistical analysis, including simple and
Breast reconstruction multivariable logistic regression, was performed using Stata v13.1.

complications Results: 478 TEs were placed in 324 women, with a 30% overall patient complication rate (23%

of breasts). A total of 14% of TEs became infected. Although unadjusted analysis showed no
ADM and infection association (p =0.269), multivariable logistic regression showed a significant
association with more infections (OR: 3.21; 95% Cl: 1.13-9.313; p=0.029). The infection control

Abbreviations: TE, Tissue expander; BMI, Body mass index; ADM, Acellular dermal matrix; CUSP, Comprehensive unit-based safety pro-
gram.
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protocol decreased infections by 28% (16% in 2009 vs 11% in 2013); however, this did not achieve
statistical significance (unadjusted p=0.192, adjusted p=0.156). Seroma (p <0.001), older
age (p=0.040), larger mastectomy volume (p=0.001), smoking (p=0.037), BMI (p <0.001),
vascular disorders (p=0.007), and hypertension (p < 0.001) significantly increased infections.
Conclusions: ldentifiable risks exist in TE/implant breast reconstruction. ADM infection risk
may mitigate some potential benefits. Anti-infection protocols may reduce infections, and fur-
ther investigation may reveal the most effective prophylactic strategies. Absence of major
changes in complications over time supports validity of studies examining large numbers of
despite evolution of techniques.

© 2018 Published by Elsevier Ltd on behalf of British Association of Plastic, Reconstructive and

Aesthetic Surgeons.

Introduction

Breast cancer is the most commonly diagnosed cancer
amongst women, accounting for 29% of all new cancer
diagnoses in women." Tissue expander (TE) and implant-
based reconstruction are the most common methods of
postmastectomy breast reconstruction.? As compared to au-
tologous reconstruction, TE/implant-based reconstruction
allows shorter operations and no donor-site morbidity.?
Prosthetic-based reconstruction, however, is not without its
own risks, reported at rates up to 20%, including wound
healing problems, hematoma, seroma, infection, and recon-
structive failure.*"°

Infection is particularly devastating, potentially requir-
ing antibiotics and additional surgery, adding significant
cost to the reconstruction,*> and possibly resulting in re-
constructive failure.® Reported infection rates vary from
as low as 3% to as high as 20%, and failure rates range
from 1% to 3%, usually due to infection.*%’ Several fac-
tors have been suggested to increase the risk of TE/implant
complications, including tobacco use, obesity (Body Mass
Index > 30), and radiation therapy.®®-'° Efforts continue
to reduce the burden of these complications. Prophylac-
tic measures include perioperative antibiotics, postoper-
ative antibiotics, and irrigating the surgical pocket or
expander with antiseptic or antimicrobial solution before
insertion.™

Acellular dermal matrix (ADM) began to be used
over ten years ago during placement of TEs in an ef-
fort to improve reconstructive outcomes. Its purported
benefits include improved inferior-lateral pole coverage,
ability to inject greater initial fill volumes, and thus
shorten subsequent tissue expansion, and improved aes-
thetic outcomes.'”' As the experience with ADM in TE
breast reconstruction grew, however, there were reports
in the literature of significant increases in complica-
tion rates, particularly infections.” Other studies have
shown no difference in infectious and other complica-
tions when comparing TE reconstructions with and without
ADM.10,15,16

In this study, we sought to identify potential risk factors
for infection with TE-based reconstruction and to examine
if infection rates were altered by the introduction of ADM
or by the implementation of an infection control protocol.
We hypothesized that the addition of ADM would not sig-
nificantly alter complication rates, whereas the implemen-
tation of the infection control protocol would meaningfully
reduce infectious complications.

Methods

With Institutional Review Board approval, we retrospec-
tively analyzed six-month cohorts of patients undergoing
staged TE reconstructive surgery at the time of mastec-
tomy in the years 2004, 2009, 2013, and 2015. We col-
lected patient demographics, medical comorbidities, such
as diabetes mellitus, body mass index (BMI), smoking sta-
tus, and history of radiation and/or chemotherapy. Opera-
tive factors including type of mastectomy, weight of breast
tissue removed, use of ADM, and TE fill volumes were also
analyzed. We assessed postoperative complications includ-
ing infection (clinical cellulitis and/or purulent drainage
from wound requiring antibiotic therapy + surgical washout
and removal of expander), hematoma, seroma (a collec-
tion of peri-prosthetic fluid not necessarily requiring opera-
tive drainage), and mastectomy skin flap necrosis (tissue of
questionable or poor viability based on clinical parameters).

Statistical analysis was performed using Stata v13.1
(StataCorp LP, College Station, TX). Continuous demo-
graphic variables (such as age and BMI) were compared
across the cohorts using ANOVA or Kruskal-Wallis test, as ap-
propriate. Categorical demographic variables (such as smok-
ing status and presence of medical comorbidities) were
compared across the cohorts using Fisher’s exact test or Chi-
squared test, as appropriate.

All reconstructions performed in 2013 and 2015 followed
an institution specific infection control protocol devel-
oped through grass-roots efforts of perioperative stakehold-
ers through the Comprehensive Unit-based Safety Program
(CUSP). The CUSP protocol includes standardized chlorhex-
idine skin preparation, use of loban (© 3M 2016. All rights
reserved.) in draping the operative field, antibiotic irriga-
tion of operative site and soaking the prosthetic device in
antibiotic solution, one person/new glove prosthesis han-
dling, re-draping of the operative field just prior to pros-
thesis handling, standard preoperative antibiotic dose with
postoperative antibiotics administered until drain removal,
and use of the Biopatch (© Ethicon US, LLC), an antiseptic-
soaked wafer, around drain sites.

The primary outcome assessed was infection. The two
main exposure variables of interest were use of ADM and
implementation of an infection control protocol. Univariate
analysis assessed associations between demographic, peri-,
and post-operative factors and odds of infection, using t-
test or Wilcoxon rank sum test, as appropriate, for continu-
ous variables and Chi-squared test or Fisher’s exact test, as
appropriate, for categorical variables. Complication rates
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Figure 1

Breakdown of tissue expanders placed in 2004 (no alloderm or infection protocol), 2009 (with 91% alloderm), 2013 (with

91% alloderm and 100% infection protocol), and 2015 (with 71% alloderm and 100% infection protocol).

Table 1 Demographics, Comorbidities, and Surgical factors of patients undergoing postmastectomy tissue expander (TE) based
reconstruction in 2004 (n=42), 2009 (n=288), 2013 (n=286), and 2015 (n=108).

Patient Demographics - N 2004 2009 2013 2015 P value
Women 42 88 86 108 -
Breasts/TE 58 122 130 168 =

Mean (SD)

Age, years 46 (11.6) 49 (7.4) 50 (10.5) 52 (10.6) 0.006
Body mass index 26 (5.8) 27 (5.8) 26 (5.1) 27 (5.4) 0.348
Patient Comorbidities - N (%)

Hypertension 11 (26) 32 (36) 16 (19) 31 (30) 0.070
Smoking 4(9) 15 (17) 7 (8) 8 (8) 0.139
Diabetes mellitus 2 (5) 7 (8) 4 (5) 3(3) 0.444
Immunosuppression 2 (5) 2 (2) 5 (6) 7 (7) 0.545
Vascular disease 1(2) 4 (5) 1(1) 7 (7) 0.252
Hypercoagulability 1(2) 1(1) 1(1) 1(1) 0.920
Surgical Factors - N (%)

ADM 0 111 (91%) 118 (91%) 121 (73%) <0.001
Mean (SD)

Breast tissue removed (g) 343 (196) 722 (469) 540 (294) 631 (432) 0.008
TE final fill volume (cm?) 132 (102) 211 (125) 175 (118) 342 (180) < 0.001

for hematoma, seroma, and skin necrosis were also calcu-
lated. A multivariable logistic regression model was fitted
to estimate the association between the odds of develop-
ing TE infections and use of ADM, adjusting for age, BMI,
breast volume, diabetes, and hypertension. A similar model
was fitted to estimate the association between the odds of
infection and implementation of an infection control proto-
col, adjusting for age, BMI, breast volume, diabetes, hyper-
tension, and use of ADM. Odd ratios from these models are
presented with 95% confidence intervals. A p-value of equal
or less than 0.05 was considered statistically significant.

Results

Over the study period, 478 TEs were placed in 324 women
(Figure 1, Table 1). In six-months in 2004, 42 women

underwent TE-based reconstruction (16 were bilateral,
n=>58 breasts) with no ADM used. In the same amount of
time in 2009, 122 TEs were placed in 88 patients (34 bilat-
eral). ADM was used in 91% (n=111) of breasts. The six-
month 2013 cohort consisted of 86 women with 130 TEs
(44 bilateral) following the CUSP infection control protocols
(100%), with utilization of ADM in 91% (n=118) of breasts.
In 2015, the cohort consisted of 108 women and 168 TEs (60
bilateral) with 72% using ADM (n=121).

Cohorts were similar across several domains, including
average BMI, tobacco use, and medical comorbidities. Av-
erage BMI fell in the high normal to overweight category.
10% of patients (34 of 324) were active smokers. A total of
16 patients (5%) had diabetes mellitus, 13 (4%) had vascular
disease (coronary artery disease and/or peripheral vascu-
lar disease), 4 (1%) were hypercoagulable, and 16 (5%) were
immunosuppressed. The most common medical comorbidity
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Table 2 Complication rates per tissue expander placed in 2004, 2009, 2013, and 2015.

Complication - N (%) 2004 2009 2013 2015 P Value Total, All Patients
Infection 9 (16) 20 (16) 14 (11) 22 (13) 0.599 65 (14)

Seroma 6 (10) 14 (12) 11 (9) 16 (10) 0.883 47 (10)

Skin flap necrosis 0 (0) 9 (7) 13 (10) 8 (5) 0.053 30 (6)

Hematoma 1(2) 6 (5) 4 (3) 6 (4) 0.727 17 (4)

Total, any complication 15 (26) 32 (26) 27 (21) 38 (23) 0.729 112 (23)

Table 3 Univariate analysis of factors affecting rate of infection.

Variable Group No Infection - N (%) Infection - N (%) P Value

Year 2004 49 (85) 9 (16) 0.600
2009 102 (84) 20 (16)
2013 116 (89) 14 (11)
2015 143 (87) 22 (13)

Acellular dermal matrix used Yes 110 (89) 13 (11) 0.269
No 300 (86) 51 (15)

Smoking Yes 374 (88) 53 (12) 0.036
No 36 (77) 11 (23)

Hypertension Yes 312 (90) 34 (10) < 0.001
No 98 (77) 30 (23)

Vascular disease Yes 396 (87) 57 (13) 0.007
No 14 (67) 7 (33)

Diabetes mellitus Yes 392 (87) 59 (13) 0.236
No 18 (78) 5 (22)

Preoperative radiation Yes 372 (88) 53 (13) 0.092
No 37 (79) 10 (21)

Postoperative radiation Yes 339 (87) 52 (13) 0.570
No 70 (84) 13 (16)

Preoperative chemotherapy Yes 339 (88) 48 (12) 0.140
No 71 (82) 16 (18)

Postoperative chemotherapy Yes 280 (85) 51 (15) 0.103
No 129 (90) 14 (10)

Age (mean years + SD) 49+0.5 52+1.3 0.039

Breast volume removed (mean 576 +21 781+ 66 0.001

grams =+ SD)

Type of mastectomy Modified 324 (86) 51 (14) 0.778
Radical
Simple 84 (87) 12 (13)

Seroma Yes 389 (91) 38 (9) <0.001
No 21 (45) 26 (55)

Skin Flap Necrosis Yes 393 (89) 51 (12) < 0.001
No 17 (57) 13 (43)

was hypertension, occurring in 28% (90 of 324) of the study
population.

Significant differences between cohorts included age,
mastectomy weight, and TE fill volume. Patients demon-
strated increasing age at reconstruction over time. Aver-
age mastectomy weight varied (mean breast tissue removed
in grams; 2004vs. 2009vs. 2013vs. 2015; 343 +195vs.
722.5+472vs. 539 +£294vs. 630+293.6; p=0.008) as did
average intraoperative TE fill volume. Patients in 2009,
2013, and 2015 (when ADM was utilized) possessed larger
mastectomy weights and average fill volumes than those
in 2004 (no ADM). The most recent cohort demonstrated
the largest average intraoperative TE fill volumes (mean
volume in cubic centimeters; 2004vs. 2009vs. 2013 vs.

2015; 132+102vs. 211+125vs.

p <0.001).

175+ 118vs. 342 £ 180;

Complication rates (Table 2)

Overall, 112 of 478 breasts (23%) had one or more periopera-
tive complications, including infection, hematoma, seroma,
and/or mastectomy skin flap necrosis. Complications were
recorded when the treating physician documented potential
concern with a very low index of clinical suspicion. Infec-
tion occurred most commonly in 14% (65 of 478) of breasts.
Seroma was the second most common complication, occur-
ring in 47 reconstructions (10%). In 30 breasts (6%), there
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Table 4 Multivariate analysis of factors associated with rate of infection.
Variable Odds Ratio (95% Cl) P Value
Year 2004 5.80 (0.39-86.73) 0.203

2009 Baseline

2013 0.72 (0.31-1.71) 0.462

2015 0.84 (0.39-1.84) 0.666
Smoking 2.05 (0.81-5.17) 0.129
Age 1.16 (0.81-1.66) 0.426
BMI class 1.47 (1-2.15) 0.052
ADM 3.34 (1.05-10.67) 0.042
Breast volume 1.14 (0.79-1.66) 0.484
Hypertension 1.79 (0.86-3.72) 0.119
Diabetes mellitus 1.36 (0.39-4.79) 0.629

was mastectomy skin flap necrosis, and hematoma compli-
cated 17 reconstructions (4%).

In 2004, only 11% of patients experiencing infections also
experienced another complication, whereas this proportion
was higher in 2009 (60%), 2013 (71%), and 2015 (55%). Among
the nine infected breasts in 2004, one (11%) also had seroma
and none had hematoma or skin necrosis. Among the 20 in-
fected breasts in 2009, one (5%) was also complicated by
hematoma, nine (45%) by seroma, and seven (35%) by partial
skin flap necrosis. Among the 14 infected breasts in 2013,
there were six (46%) seromas, five partial skin flap necrosis
and one full skin flap necrosis (total six patients, 46%), and
no hematomas.

Factors affecting infection (Tables 3 and 4)

Infection rates remained similar over the four time peri-
ods (p=0.60). Rates were 16% in 2004, 16% in 2009, 11%
in 2013, and 13% in 2015. Both years after CUSP implemen-
tation (2013 and 2015) were lower than 2004 and 2009, but
multivariate logistic regression did not provide meaningful
support for this trend (p =0.273).

ADM, BMI, and concomitant complications impacted in-
fection. Of the 20 infected TEs in 2009 and the 14 infected
TEs in 2013, all had ADM use, and only four of the 22 in-
fected TEs placed in 2015 did not use ADM. Unadjusted anal-
ysis did not associate ADM with infection (p=0.271), but
multivariate logistic regression showed a statistically sig-
nificant 3-fold increase in odds of infection with ADM (OR:
3.34, 95% Cl: 1.05-10.67, p=0.042). The mean BMI (using
WHO classifications) was higher in patients experiencing in-
fections (OR 1.73, 95% Cl 1.28-2.34, p <0.001). This effect
was supported in multivariate regression (p=0.052). Con-
comitant infections occurred in 55% of breasts with sero-
mas (p <0.001) and 43% of breasts with skin flap necrosis
(p <0.001).

Several factors appeared significant on univariate anal-
ysis alone. The mean age of infected patients was higher
(p=0.039) as was mastectomy weight (p=0.001). A total
of 23% of smokers developed infections, whereas 12% of
nonsmokers became infected (p=0.036). A total of 23% of
TEs in women with hypertension developed infections com-
pared to 10% in those without hypertension (p < 0.001). Vas-
cular disease also increased odds of infection, (p=0.007).

Notable factors that did not significantly impact infection
rates included diabetes mellitus, post-mastectomy radia-
tion, neoadjuvant or adjuvant chemotherapy, and type of
mastectomy (modified radical vs. simple). Previous radia-
tion demonstrated a not statistically significant trend to-
ward increased infections, (21% vs. 13%, p=0.092).

Discussion

In our cohorts of 324 women and 478 TEs spanning
over a decade, complications (including infection, seroma,
hematoma, and mastectomy skin flap necrosis) occurred in
23% of breasts. This overall rate is higher than previous re-
ports*'® but may reflect our inclusion of minor complica-
tions such as small seromas that resolved without signifi-
cant morbidity. Our complication definitions were purposely
broad, encompassing even early clinical concern. We be-
lieve even this heightened concern leads to more intense
monitoring, impacting patient stress and cost of care, and
it is therefore relevant to study.

We specifically compared infection rates between four-
timed cohorts of patients over a decade to assess the im-
pacts of ADM and an infection control protocol. Our over-
all infection rate (14%) matches other reports.*'% Our longi-
tudinal results demonstrate impact of practice changes on
outcomes over time.

Our multivariate analysis showed that the use of ADM
was significantly associated with increased infection rates
(p <0.042). Several authors have also demonstrated in-
creased complications with ADM,'*"7:1® while others have
not." While the associated increased initial TE fill volumes
we demonstrated in our ADM cohorts are usually considered
a benefit to off-set the infectious risk,'”'* the potential neg-
ative impacts on skin perfusion should not be discounted.
We believe TE fill volume associated impacts on outcomes
like perfusion merit further study.

Khansa et al. demonstrated improvement in peripros-
thetic infection rates using an infection control protocol.?’
We demonstrated decreasing odds of infection by 28% in our
post CUSP infection control protocol 2013 and 2015 cohorts,
though this difference did not reach statistical significance.
The effects may help to balance expanding inclusion crite-
ria to older patients with larger breasts. Future studies will
explore these interrelationships more specifically.
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We also found that seroma and mastectomy skin flap
necrosis were themselves associated with increased infec-
tion risks. Parks et al. previously reported that the presence
of seroma increased the odds of TE loss nearly five times,?’
with the seroma being a potential nidus for infection.' Skin
necrosis has similarly been associated with infection as well
as an increased risk for TE loss.®?' These findings may im-
pact future technique evolution choices as we expand indi-
cations to a wider population of less ideal patients, increase
fill volumes for immediate implant reconstruction, and con-
sider prepectoral implant placements, all of which have po-
tentials to impact skin necrosis and seroma rates.

Our univariate results revealed risk factors for compli-
cations in keeping with the existing literature. Tobacco use
in our cohorts increased the odds of developing infection
by 2.2 times. Previous literature has also demonstrated not
only an increased risk for infection, but also an increased
risk for TE loss, wound disruption, and reconstructive fail-
ure (with similar odds ratios of between 2.2 and 4)%°10.16,22
through tissue ischemia from nicotine,?* a particular con-
cern in mastectomy skin flaps that have been deprived
of vascular support from underlying parenchyma. Increas-
ing BMI increased complications in our patients. Nearly all
previously published studies confirm this finding, with in-
creasing BMI, particularly BMI > 30, predictive of compli-
cations including infection, wound disruption, flap failure,
TE loss, and reconstructive failure.??:13.16,20.22,24 The jn-
creased dead space in large volume mastectomy defects
associated with obesity predisposes to complications such
as seroma and infection, but high fill volumes to elimi-
nate this dead space can cause perfusion defects, which
also increase complication risk.?> As with previous stud-
ies, our cohort demonstrated increased complication rates
in hypertensive patients.?’ Interestingly, patients with vas-
cular disease also had higher infection rates in our anal-
ysis. Older age has previously been suggested to increase
the risk of complications which also correlated with our
results. '

These risk factors may merit caution when counseling
about reconstructive options. Increased risk profiles and the
ensuing potential complications may not be acceptable to
many women. Our longitudinal results suggest that com-
plications have not been mitigated by current best efforts
to do so, warranting careful consideration of reconstruction
choices.

We found no impact of radiation, radiation timing, or
chemotherapy on outcomes. While several studies support
absence of negative impacts of chemotherapy,’?°-%¢ the lit-
erature is mixed on influence of radiation. Several authors
have shown major negative consequences of radiation treat-
ment with odds ratios for complications up to five,” %%
while others have failed to demonstrate an effect.® While
diabetes mellitus is usually considered to increase the risk,°
we did not see a significant association with complications
in our cohort.

This study has several limitations. First, data were col-
lected retrospectively by year of reconstruction. Further-
more, all patients in this study are from a single institution,
potentially limiting the generalizability of the findings.

However, we believe that our findings do support valid-
ity of analyses that incorporate longitudinal cohorts despite
changing techniques. Impacts on complications are multi-

factorial. Despite high awareness and intensive efforts to
minimize complications, negative outcomes still occur with
regularity. Careful consideration of reconstructive modality
in the presence of risk factors is warranted.

Conclusion

Our analysis of 478 TEs placed in 324 postmastectomy pa-
tients over 10 years demonstrates that complication rates
of TE-based reconstruction remain high with 23% of breasts
experiencing complications. We demonstrated that ADM is
substantially associated with increased infections, in ad-
dition to smoking, increasing BMI, increasing age, increas-
ing mastectomy volume, hypertension, and vascular dis-
ease. Furthermore, despite implementation of an infection
control protocol, our infection rate did not statistically sig-
nificantly decrease. In summary, more research is needed to
identify ways to decrease infections and subsequent mor-
bidity in TE/implant-based postmastectomy breast recon-
struction. Use of this reconstructive modality when risk fac-
tors are present must be carefully considered.
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