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Summary Background: There is a paucity of multi-institutional data that directly compares
short term outcomes of autologous and prosthetic breast reconstruction. The National Surgical
Quality Improvement Program provides a unique data platform for evaluating peri-operative
outcomes of these two main categories of breast reconstruction. It has detailed data from
nearly 250 hospitals and over 13,000 patients. We performed risk-adjusted analysis of pros-
thetic and autologous breast reconstruction to compare 30-day morbidity outcomes.
Methods: Patients who underwent prosthetic breast reconstruction or autologous tissue recon-
struction from 2006 to 2010 were identified using operation descriptions. Over 240 tracked vari-
ables were extracted for patients undergoing breast reconstruction. Thirty-day postoperative
outcomes were compared, and subgroup analysis was performed on the autologous population
to describe outcomes of specific flap procedures. Reconstruction was analyzed as an independent
risk factor for specific complications, with propensity scores used to help standardize compared
patient populations. Regression analyses were performed using SPSS (version 20.0, Chicago, IL).
Results: A total of 13,082 patients underwent breast reconstruction; 9786 patients received pros-
thetic reconstruction and 3296 received autologous reconstruction. Within the autologous cohort,
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1608 (48.8%) patients underwent a pedicle TRAM flap, 1079 (32.7%) had a LD flap, and 609 (18.5%)
received a free flap. Autologous reconstruction patients had higher rates of overall complications
(12.47% vs 5.38%, p < .001), wound infection (5.46% vs 3.45%, p < .001), prosthesis/flap failure
(3.13% vs 0.85%, p< .001), and reoperation (9.59% vs 6.76%, p< .001). Risk-adjusted multivariate
analysis also showedautologous reconstruction to bea significant independent predictorof specific
short term outcomes.
Conclusions: Using risk-adjusted models of a large multi-institutional database, we found that e
relative toprosthetic reconstructione autologous reconstructionhadhigher ratesof30-dayoverall
complications,wound infection, prosthesis/flap failure, and reoperation. Thismaybe due, in part,
to a concomitant increase in operative time and higher case complexity. Taken with other reports
such as NMBRA, this study helps to educate patients and surgeons alike on potential, comparative
complications during the perioperative period.
ª 2013 British Association of Plastic, Reconstructive and Aesthetic Surgeons. Published by
Elsevier Ltd. All rights reserved.
Introduction

There were over 1.6 million breast cancer diagnoses and
425,000 breast cancer related deaths in 2010, making
breast cancer both the leading cancer diagnosis and cause
of death due to cancer in women worldwide.1 While breast
cancer treatment options have expanded over time to
include breast conservation surgery, hormone therapy,
chemotherapy, and radiation, mastectomy remains a com-
mon primary treatment option for patients.2 Those that do
undergo mastectomy procedures face post-operative
changes in body image, emotional and psychological well-
being, and quality of life which can be both distressing
and overwhelming.3e5 However, it has been shown that
breast reconstruction following mastectomy may alleviate
some of the adverse effects previously assessed in this
patient population.6e10

Over the years, the variety of breast reconstruction pro-
cedures has increased, and the efficacy of the operations
offered has improved. Breasts may be reconstructed
following mastectomy by making use of autologous tissue
flaps or prosthetic implants with or without tissue expanders.
Reported rates of breast reconstruction after undergoing a
mastectomy are low amongst developed nations, ranging
from 7.7% in Canada and 16.9% in Denmark to 31% in the
United Kingdom and 37.5% in the United States.10e15 With
studies supporting the psychological and emotional benefits
associated with post-mastectomy breast reconstruction, it is
predicted that reconstruction will be offered with increasing
frequency toabroaderpopulationofpatients as timegoeson.

There are established advantages to prosthetic tissue
reconstruction, namely shorter operative times and dimin-
ished donor site morbidity.16 Benefits of autologous tissue
reconstruction include superior esthetic results compared
to prosthetic reconstruction and improved outcomes in
certain patient subpopulations, such as those with a pre-
operative history of external beam radiation therapy and
chest wall involvement.17e21 Yet both methods are not
without complications. For those who do have to decide
between prosthetic and autologous tissue breast recon-
struction, education regarding the short and long term
complications associated with various techniques is
important.
Many studies evaluating reconstructive procedures have
focused on only one or two techniques and utilized small
patient cohorts or single surgeon/single center data, with
the National Mastectomy and Breast Reconstruction Audit
(NMBRA) as a notable exception.10,22e29 This prospective
multicenter study, based out of the United Kingdom,
captured 15,479 women undergoing a mastectomy from
January 2008 to March 2009 from 150 English NHS Trusts and
106 independent hospitals. Analysis of the 4796 women who
received reconstruction has resulted in successive annual
reports over the past four years attesting to the safety of
mastectomy and breast reconstruction procedures. We have
expanded upon their findings on short-term outcomes
through the retrospective analysis of over 13,000 breast
reconstruction patients.

While a prospective randomized controlled trial would
provide the most reliable, unbiased comparison of out-
comes, implementation of such a study would be ethically
challenging. Thus, a retrospective review of a large sample
population from multiple centers is an alternative means of
studying short term outcomes of interest without any po-
tential detriment to patients.

Of late, multi-institutional clinical registries have
proven their utility in evidence-based medicine. These
outcomes focused programs permit retrospective analysis
of large patient populations across a range of geographical
areas and clinical settings, which subsequently allows for
both a balanced creation of risk profiles and unbiased ex-
amination of outcomes. The National Surgical Quality
Improvement Program (NSQIP) was started in 1991 with
aspirations of quantifying and improving surgical outcomes.
The database is prospectively managed and houses de-
identified patient variables from over 240 hospitals.30e32

Employing the comprehensive nature of the NSQIP data-
base, we aimed to assess the risk-adjusted relationship
between reconstruction approaches and 30-day outcomes.

Methods

Data acquisition

The particulars of the ACS-NSQIP sampling method, data
extraction, variables, and outcomes have previously been



Outcomes in prosthetic and autologous tissue breast reconstruction 919
described in detail. In brief, the data is obtained from pa-
tient medical records, physician office records, and tele-
phone interviews by trained surgical clinical nurse
reviewers (SCNRs) and de-identified to maintain patient
anonymity. Outcomes are monitored for the 30-day period
following the primary surgery.30e32

Patient population

We retrospectively reviewed the NSQIP database from 2006
to 2010 for all patients undergoing either autologous tissue
based breast reconstruction or prosthetic breast recon-
struction with a tissue expander. Patients were identified
by description (represented by a numerical code) of their
primary and concurrent operations, a variable tracked
through the NSQIP database. Autologous reconstruction
could be further stratified into free flaps, pedicled trans-
verse rectus abdominis myocutaneous (TRAM) flaps and la-
tissimus dorsi (LD) flaps through description codes. Patients
with the description code representing “immediate or
delayed insertion of a breast prosthesis following masto-
pexy or mastectomy” were excluded since we could not
clearly delineate which patients received a prosthesis as a
component of breast reconstruction or a staged cosmetic
procedure. Patients with more than one type of recon-
struction were also excluded. We discerned between im-
mediate and delayed reconstructions by the presence of a
concurrently listed mastectomy procedure. Laterality was
established based on the number of reconstruction de-
scriptions listed, with one description corresponding to a
unilateral procedure and two descriptions corresponding to
a bilateral procedure.

Outcomes

The outcomes of primary interest in this study were overall
complications, wound infection, prosthesis/flap failure,
and reoperation. We defined overall complication as having
�1 of the following adverse events tracked by NSQIP: su-
perficial surgical site infection (SSI), deep SSI, organ/space
SSI, wound disruption/dehiscence, pneumonia, unplanned
intubation, pulmonary embolism, failure to wean from
ventilator, renal insufficiency, progressive renal failure,
urinary tract infection, stroke, coma, peripheral neurologic
deficiency, cardiac arrest, myocardial infarction, bleeding
requiring a transfusion, deep venous thrombosis (DVT), and
sepsis/septic shock. Surgical complication was defined as
suffering from wound infection, flap failure or wound
disruption. Wound infection was defined as having �1 of the
following: superficial SSI, deep SSI, or organ/space SSI. A
medical complication was any other outcome not described
as a flap complication. Reoperation described a return to
the operating room within 30 days of the primary
procedure.

Risk adjustments

Patient demographics and comorbidities were tracked as
potential independent variables. Demographic data
included age, race, and BMI. Medical comorbidities con-
sisted of diabetes, dyspnea, ascites, renal disease, chronic
obstructive pulmonary disease (COPD), current pneumonia,
ventilator dependence, chronic steroid use, bleeding dis-
orders, heart failure, myocardial infarction within 6 months
of operation, peripheral vascular disease, disseminated
cancer, weight loss of >10% body weight within 6 months of
operation, current chemotherapy or radiotherapy, neuro-
logic deficit, preoperative transfusion, and preoperative
sepsis. Alcohol use, defined as >2 drinks per day, and
smoking represented lifestyle variables recorded in the
database.

Statistical analysis

Patient demographics, comorbidities, and outcomes were
compared utilizing c2 tests for categorical variables and
one way ANOVA tests for continuous variables. Significance
was set a p � .05. If on univariate analysis the outcome had
�10 occurrences and p � .20, multivariable models were
built to investigate the association between reconstruction
approach and specific postoperative outcome.

Propensity score calculations were performed to reduce
bias attributed to the nonrandom assignment of treat-
ment.33 By employing a multivariate regression in which
patient preoperative variables describing demographics
and comorbidities were included, computed propensity
scores represented the predicted probability that the pa-
tient received autologous tissue based breast reconstruc-
tion, as opposed to prosthetic breast reconstruction. The
calculated propensity scores were subsequently included in
the logistic regression model to decrease selection bias
when exploring the association between reconstruction
approach and outcome. Estimated risk scores for overall
complications, wound infection, prosthesis/flap failure,
and reoperation by reconstruction method were calculated
as the average of probability output values from the
multivariate regressions. All analyses were performed using
SPSS, version 20 (Chicago, IL).

Subgroup analysis was performed on the autologous tis-
sue based reconstruction cohort to assess the prevalence of
specific flap operations and compare outcomes. Similar to
the overall prosthetic and autogenous populations, patient
demographics, comorbidities and outcomes were compared
using c2 tests for categorical variables and one way ANOVA
tests for continuous variables. Significance was set a
P � .05.

Results

Of the 1.3 million patients captured in the NSQIP database
between 2006 and 2010, 13,082 patients were identified
who underwent breast reconstruction meeting inclusion
criteria. Within this group, 9786 (74.8%) received tissue
expander based prosthetic reconstruction and 3296 (25.2%)
underwent autologous tissue based reconstruction
(Figure 1). Just over one-fourth of the procedures (25.9%)
were delayed reconstructions and 3359 were bilateral,
resulting in 16,441 total reconstruction procedures (Table
1). Prosthetic procedures comprised over 90% of immedi-
ate procedures, whereas autologous operations constituted
77.2% of the delayed reconstruction cases. The prosthetic
and autologous reconstruction patient populations were
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Figure 1 Patient attrition diagram.
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similar with regard to diabetes, alcohol intake, chronic
steroid use, and preoperative diagnosis of a bleeding dis-
order. The number of patients receiving pre-operative ra-
diation did not significantly differ between the immediate
and delayed reconstruction cohorts. Compared to the
autogenous cohort, patients undergoing prosthetic recon-
struction were more frequently younger (average
age � standard deviation (SD); 51.02 � 10.52 vs 51.8 � 9.70
years, p < .001), with little clinical significance due to the
smaller autologous patient sample size. Prosthetic patients
were also more often white (80.5% vs 76.8%, p < .001) and
active smokers (14.1% vs 11.0%, p < .001). Those in the
autologous tissue group were more often hypertensive
(27.2% vs 23.1%, <.001), heavier (average BMI � SD;
28.39 � 6.11 vs 26.93 � 6.28, p < .001) and had a history of
a prior operation (4.4% vs 2.4%, p < .001) (Table 2).
Table 1 Surgical timing and bilaterality by reconstruction
method.

Immediate Delayed

n %Bilateral n %Bilateral

Tissue expander 9012 30.3% 774 10.7%
Free flap 141 13.5% 468 29.7%
LD flap 264 3.8% 815 18.5%
Pedicled TRAM 277 7.2% 1331 15.2%
Univariate analysis

There was a significant difference in operative time be-
tween the prosthetic and autologous cohorts (average time
in minutes � SD; 197.83 � 83.58 vs 357.90 � 191.04,
p < .001) (Table 2). Patients undergoing autologous tissue
based reconstruction experienced a postoperative compli-
cation more frequently than patients undergoing prosthetic
reconstruction (12.47% vs 5.38%, p < .001) (Table 3). Spe-
cifically, patients receiving autologous reconstruction were
more likely to have a surgical complication (8.71% vs 4.39%,
p < .001); suffer a wound infection (5.46% vs 3.45%,
p < .001); experience prosthesis/flap failure (3.13% vs
0.85%, p < .001); have wound disruption (1.24% vs 0.44%,
p < .0001); incur a medical complication (5.92% vs
1.55%, p < .001); and undergo a reoperation (9.59% vs
6.76%, p < .001). There were also significantly higher rates
of pneumonia (0.33% vs 0.06%, p < .001), reintubation
(0.18% vs 0.04%, p Z .02), pulmonary embolism (0.52%, vs
0.17%, p < .001), urinary tract infection (0.76% vs 0.2%,
p < .001), bleeding requiring a transfusion (0.61% vs 0.28%,
p < .001), DVT (0.61% vs 0.28%, p < .001), and sepsis/septic
shock (1.12% vs 0.55%, p Z .001) in this patient population.

There was not a significant difference in postoperative
complication rates between prosthetic and autologous
reconstruction groups for failure to wean from the venti-
lator, renal insufficiency, acute renal failure, stroke, coma,
peripheral nerve injury, cardiac arrest, and myocardial
infarction.

Multivariate analysis

Multivariatemodels were created to examine the influence of
reconstruction technique on specific 30-day postoperative
outcomes, while adjusting for confounders. Regression anal-
ysis revealed that patients receiving autologous tissue
reconstruction had a higher likelihood of incurring a post-
operative complication (Odds Ratio (OR) 1.47, 95%Confidence
Interval (CI) 1.15e1.89) (Table3). Inparticular, patients in this
cohort were at increased risk for having a surgical complica-
tion (OR 1.30, 95% CI 1.02e1.66), including wound infection
(OR 1.40, 95% CI 1.01e1.96) and prosthesis/flap failure (OR
1.69, 95%CI 1.08e2.62). They also hadan increased likelihood
of having amedical complication (OR 1.68, 95% CI 1.21e2.34),
namely UTI (OR 4.18, 95% CI 1.89e9.27) and bleed necessi-
tating a transfusion (OR 3.16, 95% CI 1.59e6.26).

Risk-adjusted regression models served an additional use
in helping create estimated risk scores for overall compli-
cations, wound infection, prosthesis/flap failure, and
reoperation for each reconstruction method. Results
showed that autologous reconstruction had a significantly
higher estimated risk for overall complications (0.12 vs
0.054, p < .001), wound infection (0.055 vs 0.035,
p < .001), prosthesis/flap failure (0.031 vs 0.008, p < .001),
and reoperation (0.097 vs 0.068, p < .001) compared to
prosthetic reconstruction (Figure 2).

Subgroup analysis

Within the autologous tissue cohort, 1608 (48.8%) patients
underwent a pedicled TRAM flap, 1079 (32.7%) had a LD flap,



Table 2 Patient characteristics by reconstruction
method.

Prosthetic
n Z 9786

Autogenous
n Z 3296

p-Value

Age 51.02 � 10.56 51.80 � 9.702 <.001*
BMI ((lbs/H2))*
703)

26.93 � 6.28 28.39 � 6.11 <.001*

Operative
time (min)

197.83 � 83.58 357.90 � 191.04 <.001*

Sum of RVU 26.33 � 12.95 57.56 � 25.56 <.001*
Race

White 7874 (80.5%) 2530 (76.8%) <.001*
Black 617 (6.3%) 362 (11.0%) <.001*
Asian 241 (2.5%) 97 (2.9%) e

Other 1054 (10.8%) 307 (9.3%) <.001*
Outpatient 2542 (26.0%) 2530 (76.8%) <.001*
Alcohol use 111 (1.1%) 38 (1.1%) 0.93
Diabetes 483 (4.9%) 171 (5.2%) 0.565
Active smokers 1386 (14.1%) 362 (11.0%) <.001*
History of COPD 81 (0.9%) 23 (0.7%) 0.468
Hypertension 2265 (23.1%) 898 (27.2%) <.001*
Steroid use 90 (0.9%) 26 (0.8%) 0.488
Bleeding
disorder

69 (0.7%) 23 (0.7%) 0.966

Prior sepsis 16 (0.2%) 22 (0.7%) <.001*
Prior operation 230 (2.4%) 146 (4.4%) <.001*

Age, BMI, operative time, and sum of RVUs are displayed as
mean � standard deviation (SD).
*Significant value, p � .05.
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and 609 (18.5%) received a freeflap. Thosewith LDflapswere
the oldest, with an average age of 52.4 years, compared to
51.8 years in the pedicled TRAM group and 50.7 years in the
free flap group (pZ .003). Patients in the free flap group had
an average BMI of 29; those in the LD flap group had an
average of 27.6; individuals in the pedicled TRAM cohort had
an average of 28.7 (p < .001). There was a significant dif-
ference in the number of active smokers in each flap group:
9% of free flap recipients were active smokers, compared to
10.1% of pedicled TRAM recipients and 13.3% of LD flap re-
cipients (pZ .008). There were no significant differences in
diabetes, prior radiation, or prior chemotherapy between
the three autogenous tissue cohorts.

Complication rates for each of the autogenous tissue
populations were categorized by surgical timing and
compared to prosthetic outcomes in Table 5. Surgical
timing appeared to have less of an impact on prosthetic
outcomes than autologous outcomes. Looking at immediate
and delayed procedures together, nearly one-fifth of pa-
tients who received a free flap incurred a post-operative
complication, whereas 13.4% of pedicled TRAM flap pa-
tients and 7.1% of LD flap patients suffered a similar
outcome (p < .001). Comparable trends were seen with flap
failure and reoperation rates e free flap patients had the
highest rates of flap failure (5.7%) and reoperation (15.6%),
followed by pedicled TRAM flaps (3.4% flap failure; 9.9%
reoperation) and LD flaps (1.3% flap failure; 5.7% reopera-
tion). Wound infections occurred in 108 (6.7%) pedicled
TRAM patients, 36 (5.9%) free flap patients, and 36 (3.3%)
LD flap patients.
Discussion

While breast cancer remains the most common diagnosis
and cause of death related to cancer in women worldwide,
screening programs and tailored surgical and medical
therapies have contributed to an overall decrease in mor-
tality rates in developed countries.1,34,35 Thus, there are a
rising number of survivors who must tackle the physical,
emotional, and psychological effects that follow breast
cancer treatment. In certain patient populations, namely
those who undergo mastectomy, breast reconstruction has
been shown to assuage the burden some patients experi-
ence postoperatively by improving their overall well-being
and self esteem.6e9 Few large scale reviews such as those
generated by the National Mastectomy and Breast Recon-
struction Audit (NMBRA) exist to aid patient decision mak-
ing. Studies by Alderman et al. and Sullivan et al. provided
some degree of comparison (326 patients and 240 patients
respectively) and showed no difference in overall compli-
cation rates between flap and prosthetic reconstruc-
tion.36,37 However, both studies were hampered by low
sample sizes and restricted their analysis to overall com-
plications rather than stratifying their outcomes into indi-
vidual complications. This study covering over 3 million
data points and 13,000 breast reconstruction patients is the
largest multi-institution analysis comparing 30-day out-
comes associated with prosthetic and autologous methods.
The large sample size allows for robust subset analysis,
including multivariable regression modeling for specific
complications such as wound infection.

The autologous and prosthetic reconstruction cohorts
were similar in terms of diabetes, alcohol use, history of
COPD, chronic steroid use, and bleeding disorder (Table 2).
Nonetheless, a few differences were noted between the
populations. Specifically, patients receiving autologous
tissue flap procedures were less likely to be active smokers
compared to the prosthetic group (11.0% vs 14.1%,
p < .001), yet more likely to be hypertensive (27.2% vs
23.1%, p < .001) and heavier (BMI 28.39 � 6.11 vs
26.93 � 6.28, p < .001). The observed variance in BMI be-
tween the prosthetic and autologous groups is in line with
previous literature stating that patients undergoing autol-
ogous operations are more often heavier than those un-
dergoing prosthetic reconstruction. Subgroup analysis
further substantiated this as patients receiving free flap
reconstruction were the heaviest on average of any autol-
ogous tissue based cohort, reflecting the increased avail-
ability of abdominal tissue preferred for these technically
challenging operations. However, the cause for the afore-
mentioned differences in smoking and hypertension may be
more complex, with surgeons pursuing certain reconstruc-
tion methods based on a specific comorbidity’s unique po-
tential to affect postoperative outcomes. For instance,
physicians who cared for patients with a recent MI might
have elected to perform prosthetic reconstruction to avoid
subjecting the patient to the longer operating times found
in autologous procedures.

Thirty-day complication rates are displayed in Table 3.
Patients receiving autologous breast reconstruction had
more than double the rate of overall complications
compared to prosthetic reconstruction patients (12.47% vs



Table 3 Thirty-day postoperative outcomes for prosthetic breast reconstruction compared to autogenous breast recon-
struction for cancer.

Outcomes Prosthetic
n Z 9786

Autogenous
n Z 3296

p-Valuea Multivariable odds ratio
(95% confidence interval)
without propensity score
adjustmentb

Multivariable odds ratio
(95% confidence interval)
with propensity score
adjustmentb

% %

Overall complications 5.38 12.47 <.001* 1.45 (1.14e1.85)* 1.47 (1.15e1.89)*
Surgical complications 4.39 8.71 <.001* 1.28 (1.01e1.62)* 1.30 (1.02e1.66)*
Wound infectionc 3.45 5.46 <.001* 1.42 (1.03e1.96)* 1.40 (1.01e1.96)*
Superficial SSI 1.67 2.95 <.001* 1.27 (0.87e1.87) 1.2 (0.81e1.76)
Deep SSI 1.07 1.97 <.001* 1.71 (1.07e2.71)* 1.81 (1.12e2.94)*
Organ/space SSI 0.77 0.67 0.567 e e

Prosthesis/flap failure 0.85 3.13 <.001* 1.64 (1.07e2.53)* 1.69 (1.08e2.62)*
Wound disruption 0.44 1.24 <.001* 1.86 (0.90e3.86) 1.79 (0.83e3.84)

Medical complications 1.55 5.92 <.001* 1.73 (1.26e2.39)* 1.68 (1.21e2.34)*
Pneumonia 0.06 0.33 <.001* 4.37 (1.25e15.27)* 3.51 (0.92e13.34)
Reintubation 0.04 0.18 0.02* e e

Pulmonary embolism 0.17 0.52 0.001* 2.08 (0.85e5.10) 1.84 (0.71e4.77)
Ventilator > 48 h 0.02 0.09 0.106 e e

Renal insufficiency 0 0.03 0.252 e e

Renal failure 0.03 0.06 0.605 e e

Urinary tract infection 0.2 0.76 <.001* 3.48 (1.62e7.45)* 4.18 (1.89e9.27)*
Stroke 0.02 0 1 e e

Coma 0 0 e e e

Peripheral nerve injury 0.04 0.09 0.379 e e

Cardiac arrest 0 0.03 0.252 e e

Myocardial infarction 0.01 0.06 0.158 e e

Bleed requiring transfusion 0.28 0.61 <.001* 3.12 (1.60e6.09)* 3.16 (1.59e6.26)*
DVT 0.28 0.61 0.006* 1.30 (0.57e2.95) 0.992 (0.41e2.41)
Sepsis/septic shock 0.55 1.12 0.001* 1.18 (0.69e2.01) 0.97 (0.55e1.73)
Reoperation 6.76 9.59 <.001* 0.899 (0.74e1.09) 0.93 (0.76e1.14)

*Significant value, p � .05.
Odds ratios >1.0 indicate a higher likelihood of the adverse event occurring.
a Univariate p value, c2 tests.
b Odds ratio of experiencing the complication after autogenous breast reconstruction (compared to prosthetic reconstruction).

Multivariate models adjusting for propensity scores were developed if there were �10 occurrences and if p < .20 on univariate analysis.
c Patients can be classified as having more than one type of SSI, so the subgroup percentages are larger than the overall SSI percentage.

Figure 2 Estimated risk score for any complication, wound
infection, prosthesis/flap failure, and reoperation by recon-
struction method.
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5.38%, p < .001). Such findings cannot be directly compared
to those from the NMBRA reports due to slight differences in
outcomes definitions and tracked variables. The autologous
cohort was also at increased risk for wound infection (5.46%
vs 3.45%, p < .001) and prosthesis/flap failure (3.13% vs
0.85%, p < .001), reflecting the strong contribution that
surgical complications made to the overall complication
rate. The reasoning behind these findings is certainly
multifactorial in nature, and we postulate that the donor
site morbidity associated with autologous procedures is one
of the major contributors. Surgical timing appeared to
impact autologous complication rates, with mastectomy
procedures possibly contributing to the higher complica-
tions seen in the immediate reconstruction cohort (Table
5). Moreover, while nearly 80% (2614 out of 3296) of
autologous procedures occurred in a delayed setting e
presumably allowing patients to heal from the associated
morbidity of undergoing a mastectomy alone e each
delayed autologous flap subgroup had more than double the
number of bilateral procedures compared to their imme-
diate counterparts (Table 1); bilateral procedures may have
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presented a greater opportunity for surgical complications
due in part to the larger surface area under surgical
manipulation. Additionally, selection bias could have
influenced post-operative outcomes, as patients with more
medical comorbidities may have been directed to autolo-
gous reconstruction with the understanding that well vas-
cularized tissue will limit complications. These patients
would have subsequently been more apt to have compli-
cations independent of reconstructive technique.

Recognizing the role that baseline discrepancies in pa-
tient populations could have played in skewing post-
operative outcomes, we used propensity score adjusted
models to mitigate differences in patient cohorts. Risk-
adjusted regression still showed autologous reconstruction
to be a powerful predictor of overall complications (OR
1.47, 95% CI 1.15e1.89) (Table 3), with other predictors
displayed in Table 4. Moreover, autologous reconstruction
patients had significantly higher estimated risk scores for
overall complications, wound infection, prosthesis/flap
failure, and reoperation compared to those undergoing
prosthetic reconstruction (Figure 2). Higher rates of flap
failure in the autologous cohort could explain the corre-
sponding elevated rates of reoperation, as surgeons held
fewer reservations in returning to the operating room in an
attempt to save a flap. Interestingly, undergoing a bilateral
procedure, when compared to unilateral as a control, was
not a significant independent predictor of complications.
Table 4 Risk-Adjusted Multivariate Regression: All Breast
Reconstruction Procedures.

Variable Overall complications

OR 95% CI p-Value

Autologous
reconstruction

1.474 1.15 1.888 0.002*

Age 1.01 1.002 1.017 0.011*
Outpatient 0.817 0.65 1.026 0.082
Obesity (BMI � 30) 2.071 1.788 2.399 <.001*
Diabetes 1.17 0.89 1.54 0.261
Smoking 1.358 1.12 1.646 0.002*
Alcohol use 1.398 0.798 2.449 0.242
Dyspnea 1.33 0.981 1.803 0.067
COPD 1.738 0.974 3.1 0.061
Prior percutaneous
coronary
intervention

1.074 0.527 2.186 0.845

Prior cardiac surgery 3.189 1.752 5.803 <.001*
Hypertension 1.128 0.953 1.334 0.161
Distant cancer 1.769 0.966 3.239 0.065
Wound infection 1.677 0.868 3.239 0.124
Bleeding disorder 2.617 1.477 4.638 0.001*
Chemotherapy 1.201 0.878 1.642 0.251
Prior operation
(<30 days)

1.97 1.423 2.727 <.001*

Delayed reconstruction 1.394 1.117 1.74 0.003*
Bilateral reconstruction 1.185 0.976 1.439 0.086
Sum of RVUs 0.998 0.993 1.003 0.462
Operative time (min) 1.003 1.002 1.003 <.001*

*Significant value, p � .05.
Central to autologous procedures’ risk for complications is
their associated technical difficultly. The intricacy of autol-
ogous procedures is best reflected in the nearly 2.5 addi-
tional hours needed to complete an autologous operation
compared to a prosthetic procedure. As our multivariate
regression revealed, operative time is also an independent
predictor of outcomes. Thus, more time in the operating
suite may in and of itself have contributed to the higher
complication rates seen in the autologous cohort. Moreover,
subgroup analysis showed a step-wise increase in complica-
tion rates when proceeding from LD flaps (7.1%) to pedicled
TRAM flaps (13.4%) and then free flaps (19.1%). This corre-
lated proportionately to the average operating times asso-
ciated with each cohort: 4.95 h, 5.52 h, and 8.96 h for LD
flaps, pedicled TRAM and free flaps, respectively. The
complicated nature of autologous procedures is also repre-
sented in the average sum of Relative Value Units (RVUs)e a
partial indication of procedure complexity e which were
higher in the autologous patient population than in the
prosthetic population. Thus, autologous tissue transfer may
have an inherent tendency for more complications.

Autologous reconstruction was deemed a significant
predictor of medical complications, in addition to overall
complications, through risk-adjusted regression analysis
(OR 1.68, 95% CI 1.21e2.34) (Table 3). Of note, the inci-
dence of DVT and PE were higher in the autologous recon-
struction population. Given that patients undergoing
autologous tissue transfer procedures have a longer period
of recovery and latency to ambulation than those under-
going tissue expander placements, this finding is not sur-
prising. The protracted convalescence associated with
autologous operations may have also contributed to the
increased rates of pneumonia and urinary tract infections
seen in this cohort. Additionally, there was a trend toward
an increase in failure to wean, renal insufficiency, acute
renal failure, peripheral nerve injury, cardiac arrest, and
myocardial infarction in the autologous cohort, however
the number of occurrences were too few to draw definitive
conclusions.

While our results display higher morbidity and reopera-
tion rates in the autologous reconstruction cohort, we give
prudence to the fact that these findings reflect a very
discrete time period. The advantages of autologous
reconstruction over prosthetic reconstruction e namely
improved aesthetics e are long term outcomes not
captured in this study. Autologous operations may have
higher rates of flap failure and reoperation in the 30 days
following surgery, but, as a study from Rusby and associates
revealed, these rates decline over time.38 This is juxta-
posed by increasing rates of reconstruction failure and
reoperation seen in the prosthetic reconstruction group at
five years after the initial operation. Such findings bring to
light the myriad of other factors including preoperative co-
morbidities, radiotherapy, and aesthetic desires that serve
as equipoise to the short term outcomes in our study. Each
patient ranks these elements in varying levels of impor-
tance, making the decision to undergo reconstruction and
which procedure to receive a personal one. Our data
regarding short term outcomes after reconstruction could
serve to better educate and prepare breast cancer patients
for the potential post-operative difficulties they may
encounter with a specific reconstruction method.



Table 5 Unadjusted complication rates stratified by reconstruction method.

Reconstruction method Percentage
with any
complication

Percentage
with wound
infection

Percentage
with prosthesis/
flap failure

Percentage of
women who had a
flap with flap
complicationsa

Non-local/systemic
complicationb

Percentage
with a
reoperation

Immediate reconstruction

Tissue expander only
(n Z 9012)

5.38% 3.43% 0.84% N/A 1.56% 6.95%*

Free flap (n Z 141) 21.99% 6.38% 4.26% 11.35% 14.89% 19.86%
LD flap (n Z 264) 10.61%* 5.30%* 0.76% 6.82% 5.30%* 4.92%
Pedicled TRAM flap
(n Z 277)

18.41%* 10.47%* 5.05% 15.16%* 7.22% 13.00%

Delayed reconstruction

Tissue expander only
(n Z 774)

5.30% 3.75% 0.90% N/A 1.29% 4.65%*

Free flap (n Z 468) 18.59% 5.77% 6.20% 12.18% 10.26% 14.32%
LD flap (n Z 815) 6.01%* 2.70%* 1.47% 4.42% 2.45%* 6.01%
Pedicled TRAM flap
(n Z 1331)

12.40%* 5.94%* 3.01% 8.87%* 5.41% 9.24%

* denotes significant difference between immediate and delayed reconstruction outcomes within a specific procedure type, p � .05.
N/A Z not available.
a Flap complication is defined as �1 of the following: wound infection, wound disruption/dehiscence, graft/flap failure.
b Non-local/systemic complication is the equivalent of a medical complication, as defined in our Methods section.
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Even though the NSQIP database allows for robust, un-
biased, and statistically powerful studies, the study is a
reflection of the accuracy of the program’s data entry and
coding. While we assume minimal differences, there may
be discrepancies in training and data entry practice be-
tween institutions that result in erroneous input. Addi-
tionally, as mentioned in our methods section, some
procedure description codes are ambiguous and place limits
on patient selection. Specifically, prosthetic cases in this
study could have received an acellular dermal sheet as a
surgical adjunct, which could have impacted outcomes.
Moreover, there are nuances that limit the database’s
applicability to plastic and reconstructive surgery. First,
the database is confined to tracking 30-day postoperative
outcomes, eliminating potential evaluation of long term
complications such as capsular contracture and implant
malposition. Moreover, the database does not account for
any aesthetic outcomes, which may be a major reason to
consider autologous reconstruction. Additionally, due to
the tracking algorithms associated with NSQIP, only radio-
therapy received immediately prior to an operation was
recorded. It is a generally held belief that autologous
reconstruction will be better in a hostile hypovascular
environment than prosthetic reconstruction. Hence, there
may be a skew in outcomes due to radiotherapy. Certain
patient care variables, such as preoperative antibiotics, are
not tracked. While it is assumed that preoperative antibi-
otics are standard of care, there may be some variation in
regimens that could impact complication rates. Lastly, the
patient populations had known differences in patient de-
mographics. A propensity score helps to dampen the impact
of such differences in the regression model, but a ran-
domized controlled trial would have provided the most well
balanced, unbiased outcomes data.
Conclusion

Using risk-adjusted models of a large multi-institutional
database, we found that e relative to prosthetic recon-
struction e autologous reconstruction had higher rates of
30-day overall complications, wound infection, prosthesis/
flap failure and reoperation. This may be due, in part, to a
concomitant increase in operative time and higher case
complexity. Taken with other reports such as NMBRA, this
study helps to educate patients and surgeons alike on po-
tential, comparative complications during the periopera-
tive period.
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