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US FDA Breast Implant Postapproval Studies
Long-term Outcomes in 99,993 Patients
Christopher J. Coroneos, MD, MSc, Jesse C. Selber, MD, MPH, Anaeze C. Offodile II, MD, MPH,
Charles E. Butler, MD, and Mark W. Clemens, MD

Objective: To analyze the long-term safety and efficacy outcomes of patients
with breast implants.
Summary Background Data: Research is ongoing regarding the safety of
silicone breast implants. Despite the number of patients with breast implants
followed by United States Food and Drug Administration large postapproval
studies (LPAS), this database has not been thoroughly analyzed or reported.
Methods: This is a multicentered, cohort study. LPAS prospectively monitor
long-term implant-related outcomes and systemic harms for silicone/saline
implants from 2 manufacturers (Allergan and Mentor) placed for primary/
revision augmentation/reconstruction. Systemic harms, self-harm, and reproductive outcomes are compared with normative data. Implant-related complications are analyzed by implant composition and operative indication in the
short and long terms.
Results: LPAS data includes 99,993 patients, 56% of implants were silicone
for primary augmentation. Long-term magnetic resonance imaging surveillance is under 5%. Compared with normative data, silicone implants are
associated with higher rates of Sjogren syndrome (Standardized incidence
ratio [SIR]8.14), scleroderma (SIR 7.00), rheumatoid arthritis (SIR5.96),
stillbirth (SIR4.50), and melanoma (SIR3.71). One case of BI-ALCL is
reported. There is no association with suicide. In the short term, rupture is
higher for saline (2.5% vs. 0.5%, P < 0.001), and capsular contracture higher
for silicone (5.0% vs. 2.8%, P < 0.001). At 7 years, reoperation rate is 11.7%
for primary augmentation, and 25% for primary/revision reconstruction.
Capsular contracture (III/IV) occurs in 7.2% of primary augmentations,
12.7% primary reconstructions, and is the most common reason for reoperation among augmentations.
Conclusions: This is the largest study of breast implant outcomes. Silicone
implants are associated with an increased risk of certain rare harms; associations need to be further analyzed with patient-level data to provide
conclusive evidence. Long-term safety and implant-related outcomes should
inform patient and surgeon decision-making when selecting implants.
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R

esponding to public opinion, the United States Food and Drug
Administration (FDA) prohibited use of silicone gel-filled breast
implants in 1992.1 Concerns included incidence of cancer, connective tissue disease (CTD), and autoimmune disease. The Institute of
Medicine subsequently concluded there was no evidence to support
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an association between breast implants and these systemic diseases.2
Current generation silicone gel-filled implants were approved by the
FDA in 20061 for two manufacturers: Allergan and Mentor Corp
(Mentor).3 While implant-specific local complications were adequately characterized at the time of approval, the FDA stipulated
manufacturers conduct large postapproval studies (LPAS) monitoring outcomes for imaging surveillance, long-term safety and outcomes, and possible systemic harms due to silicone.
Postapproval studies include patients with silicone or saline
breast implants for primary or secondary breast augmentation or
reconstruction. Follow-up time horizon is 10 years. Overall, LPAS
enrolled nearly 100,000 patients. Despite abundant data collection,
and open public access, the LPAS database has yet to be thoroughly
analyzed or reported; this manuscript represents the first report of
those data. The existing literature is sponsored by industry,4–8 and
focused on a single manufacturer by design. Analyses have included
follow-up from smaller FDA ‘‘Core Study’’ datasets,4,5,7– 9 studies
primarily intended to investigate implant-specific, local complications geared toward FDA approval. These were not designed with
adequate power to detect ‘‘rare’’ systemic harms, or with enough
centers to be generalized to ‘‘real-world’’ effectiveness.
Breast implants are used in nearly 300,000 augmentations and
100,000 reconstructions annually in the United States,10,11 however
prospective research is ongoing regarding the safety of silicone gelfilled breast implants, with limitations in the existing evidence.12 As a
specialty, plastic surgery must increase its awareness of evidencebased practice.13 It remains the specialty’s duty to provide evidence to
inform surgeons, patients, the general medical community, and public
about the safety of its distinguishing medical device.14 The purpose of
this study is to comprehensively analyze long-term safety and implantspecific outcomes in patients with breast implants from the FDA LPAS
database, including rare harms of CTD, neurological disease, autoimmune disease, cancer, self-harm, and reproductive health. Secondary
outcomes include implant-specific complications, patient-reported
outcomes, and compliance with imaging surveillance.

METHODS
Institutional review board approval was obtained by the
authors’ institution. This is a retrospective cohort study of prospectively collected data for patients receiving breast implants for
primary or revision augmentation or reconstruction.

Data Sources
Data were obtained from reports of the FDA LPAS database.1,15,16 This study is a secondary analysis of the existing open
access data; this study has a number of limitations reflecting analysis
of summary data. We are unable to account for the specific methodology of LPAS beyond what is publicly available,15,16 or the differences between respective manufacturer protocols. This is especially
important when considering outcomes assessment, loss to follow-up
(LTFU), confounding, and other potential sources of bias.
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LPAS inclusion was limited to women 22 years of age or older
receiving unilateral or bilateral silicone or saline implants for
primary or revision breast augmentation, and women 18 years of
age or older for primary or revision breast reconstruction following
cancer resection, trauma, or congenital absence.
Allergan patients were recruited from February 2007 to March
2010 from 873 sites, receiving FDA PMA#P020056 Natrelle silicone
gel-filled, or saline breast implants.17 Mentor patients were recruited
from February 2007 to July 2009 from 2342 sites, receiving FDA
PMA#P030053 MemoryGel silicone gel-filled, or saline breast
implants.18 All clinical outcome data including deaths, very rare
adverse events (eg, connective tissue disease), rare target adverse
events, and local complications were reported to the FDA at predefined intervals. All reported events represent new diagnoses or
symptoms versus baseline for each outcome. For each manufacturer,
outcomes were assessed at 3 to 4 postoperative visits at predefined
intervals, and remote (mail, telephone, internet) annual patientreported questionnaires.

Breast Implant Long-term Outcomes

TABLE 1. Patients Enrolled in LPAS
Allergan
Primary aug
Revision aug
Primary recon
Revision recon
Unknown
Total

Mentor

Silicone

Saline

Silicone

Saline

Total

29,886
6033
4714
709
0
41,342

14,447
970
184
44
1
15,646

26,674
8365
5031
1757
148
41,975

930
76
13
9
2
1030

71,937
15,444
9942
2519
151
99,993

demographics, operative technique, and implant characteristics are
summarized (Table 2). All implants included are round. For Mentor,
submuscular pocket is most common for all indications. Implant size
and texture are not available for Mentor.

Follow-up and Surveillance
Outcomes
Outcome data of interest was abstracted from LPAS summary
reporting by a single reviewer using an electronic form designed a
priori, and checked by a second reviewer. Baseline data included
patient demographics, operative technique, and implant characteristics. The primary outcome is rare harm, including CTD, neurological, autoimmune disease, cancer, self-harm/wellbeing/satisfaction
(suicide, BREAST-Q), and reproduction (fertility/offspring outcomes). Secondary outcomes include imaging surveillance, local
complications, and reoperation.

Statistical Analysis
Baseline enrollment included patients under age 22 undergoing
primary augmentation; 556 patients were removed from short-term
Mentor analyses for not meeting eligibility criteria. For Allergan, 97
patients not meeting criteria could not be isolated, and were included in
short-term analyses. Long-term implant-related events are calculated
using the Kaplan–Meier estimate of cumulative incidence.
Systemic harm rates in the study population are calculated per
10,000 person-years. For Allergan, person-years are estimated from 2year follow-up rates. For Mentor patients, rates include cases selfidentified by patient-reported questionnaires. Normative population
rates for systemic harms, self-harm, and reproductive outcomes are
obtained from the literature; rates reflect LPAS demographics for female
sex, age, and race in the United States.19–38 LPAS data is expressed
relative to normative population rates using standardized incidence
ratios (SIRs). One sample exact Poisson tests are used to compare event
rates in the LPAS population to normative rates in the general population;
95% confidence intervals are calculated using a Poisson distribution with
2-sided tests. Incidence of harms 2 times that of normative data is
considered clinically important, decided a priori. Chi-squared tests are
used to analyze categorical variables. P values less than 0.05 are
significant; values are not adjusted. Analyses are performed in R (R
Foundation for Statistical Computing, Vienna, Austria).

RESULTS
Large postapproval studies include 99,993 patients, summarized by operative indication and manufacturer (Table 1). Allergan
enrolled 41,342 patients with silicone implants and 15,646
with saline; Mentor enrolled 41,975 with silicone and 1030 with
saline. The majority of patients received silicone implants
for primary augmentation (56%). Overall, 72% of patients
underwent primary augmentation, 15% revision augmentation,
10% primary reconstruction, and 3% revision reconstruction. Patient
ß
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Clinical follow-up by year and indication are summarized
(eTable1 and 2 in the Supplement, http://links.lww.com/SLA/B485).
There is significant attrition in follow-up: 2-year 60.5% for silicone
and 45.1% for saline (Allergan), 3-year 21.1% for silicone and 9.6%
saline (Mentor), and 7-year combined 20.1% (Mentor). Compliance
with surveillance magnetic resonance imaging (MRI) for silicone is
summarized (eTable3, http://links.lww.com/SLA/B485). Overall
compliance is poor, 5.2% for 3-year baseline and under 5% at 5 years
and thereafter. Among 2051 patients undergoing MRI surveillance
by Mentor, 6.4% have evidence of rupture. At 7 years, rupture is
detected in 0.7% of primary and 2.8% of revision augmentations,
2.2% of primary and 2.6% of revision reconstructions.

TABLE 2. Patient Demographics, Operative Techniques, and
Implant Characteristics
Allergan
Age (mean years)
Age over 30 (%)
Height (mean feet/inches)
Weight (mean pounds)
Caucasian (%)
Hispanic (%)
Asian (%)
Black/African American (%)
Native America/Alaska (%)
Unknown/other (%)
College education or greater (%)
Married (%)
Professional occupation (%)
No tobacco history (%)
Among smokers, <10 cigarettes/d (%)
No alcohol
<3 alcoholic drinks/wk (%)
Bilateral (%)
Inframammary (%)
Periareolar
Mastectomy scar
Partial submuscular pocket
Complete submuscular pocket
Smooth shell
300–399cc

Mentor

Combined

Silicone

Saline

35

5’5"
130
71
13
5
3

6
72.1
51.8
45.2
57
67.5
19.5
63.3
95.9
54
22.8

58.9
29.3
91.3
42.4


78.2
5’5"
130
77.8
9.9
4.5
1.1
2.5
2.1
75.6
59.5

55.6

29.3

95.1
58.6

72.8y






49.8
5’3"
129
56.5
26.5
7.7
4
0.9
4.6
63.9
44.2

62

38.9

98.6
26.9

57.9y






Includes only primary augmentations.
yIncludes only primary reconstructions.
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TABLE 3. Rare Systemic Harms Compared With the General Population

Manufacturer,y
Fibromyalgia
Rheumatoid arthritis
Scleroderma
Sjogren syndrome
Systemic lupus erythematosus
Cancer
Breast cancer
Lung cancer
Brain cancer
Melanoma
Neurological disorder
Multiple sclerosis
Myositis

Study
Events

Study Event
Rate (Per 10,000
Person Yr)

General Population
Event Rate
(Per 10,000 Person Yr)

SIR

SIR
95% CI

P Value

9
307
4
349
46
62
3
66
80
532
116
5
3
65
18
394
47
17

1.8
28.4
0.8
32.2
4.2
5.7
0.6
6.0
16.0
63.8
13.9
0.6
0.4
7.8
3.6
35.8
4.3
1.5

112.8
112.8
5.4
5.4
0.6
0.7
5.4
5.4
41.3
41.3
12.5
5.2
0.6
2.1
22.5
22.5
2.5
0.8

0.02
0.25
0.15
5.96
7.00
8.14
0.11
1.11
0.39
1.54
1.11
0.12
0.67
3.71
0.16
1.59
1.72
1.88

0.01–0.03
0.22–0.28
0.04–0.38
5.35–6.62
5.12–9.34
6.24–10.44
0.02–0.32
0.86–1.41
0.31–0.48
1.42–1.68
0.92–1.33
0.04–0.27
0.14–1.95
2.87–4.73
0.09–0.25
1.44–1.76
1.26–2.29
1.09–3.00

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
0.398
<0.001
<0.001
0.26
<0.001
0.639
<0.001
<0.001
<0.001
0.001
0.018

Allergan
Mentor
Allergan
Mentor
Mentor
Mentor
Allergan
Mentor
Allergan
Mentor
Mentor
Mentor
Mentor
Mentor
Allergan
Mentor
Mentor
Mentor


Allergan follow-up 2 years.
yMentor follow-up 7 years.

Systemic Harms
Incidence rates for systemic harms for silicone are summarized and compared with the general population (Table 3). Harms are
not reported for saline. Diagnoses with rates double the general
population (SIR greater than 2.0) include Mentor patients with
Sjogren syndrome (SIR: 8.14, 95% CI: 6.24–10.44, P < 0.001),
scleroderma (SIR: 7.00, 95% CI: 5.12–9.34, P < 0.001), rheumatoid
arthritis (SIR: 5.96, 95% CI: 5.35–6.62, P < 0.001), and melanoma
(SIR: 3.71, 95% CI: 2.87–4.73, P < 0.001). SIRs less than 2.0 but
with statistically increased associations are overall cancer diagnosis,
neurological disorder, multiple sclerosis, and myositis. Silicone
implants are associated with statistically decreased rates of fibromyalgia, and lung cancer.
Allergan data is limited given fewer reported diagnoses, and 2year follow-up (Table 3). Descriptively, Allergan reports patients
receiving silicone implants for revision reconstruction have SIRs
over 2.0 for scleroderma, Sjogren syndrome, and dermatomyositis/
polymyositis compared with normative at 7-year follow-up. Primary/
revision augmentation and primary reconstruction groups have SIRs
less than 2.0 though numerical values are not reported. However,
Allergan descriptively reports more rheumatologic events and symptoms with silicone implants than saline.

There is 1 case of breast implant associated anaplastic large
cell lymphoma (BI-ALCL) reported by Mentor; implant characteristics are unknown.

Self-harm, Wellbeing, and Satisfaction
Mentor reports the suicide rate for patients with silicone
implants is 0.01% overall (5 cases), similar to the general population,
P > 0.999. Similarly, Allergan reports suicide rates under 0.1% for
patients with silicone implants for any indication.
Allergan reports 4-year BREAST-Q outcomes for 12,758
patients with silicone implants and 1393 with saline for all indications. For both silicone and saline, median ‘‘satisfaction with breast’’
scores were baseline 33.3 baseline, 1-year 94.4, and 4-year 88.9.
Median ‘‘psychosocial well-being’’ scores were baseline 66.7 silicone/58.3 saline, 1-year 97.2 for silicone/saline, and 4-year 91.7 silicone/88.9 saline.

Reproduction
Mentor reports 3133 pregnancies among patients receiving
silicone implants, resulting in 1710 offspring. Fetal and newborn
outcomes are summarized and compared with the general
population (Table 4). The rate of stillbirth (SIR: 4.50, 95% CI:

TABLE 4. Reproductive Health Compared With the General Population

Miscarriage
Stillbirth
Preterm birth
Low birth weight
Neonatal intensive care
Any birth defect/congenital malformation
Cleft palate
Cleft lip
Esophageal deformity
Pyloric stenosis
Neural tube defect
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Study
Events

Study Event
Rate (%)

General Population
Event Rate (%)

SIR

SIR
95% CI

P Value

416
85
234
155
194
27
1
0
1
0
0

13.3
2.7
13.7
9.1
11.3
1.6
0.1
0.0
0.1
0.0
0.0

14
0.6
10.4
8.2
6.4
3
0.06

0.04



0.95
4.50
1.32
1.11
1.77
0.53
1.00

1.50



0.86–1.05
3.59–5.56
1.15–1.50
0.94–1.30
1.53–2.03
0.35–0.78
0.03–5.57

0.04–8.36



0.304
<0.001
<0.001
0.19
<0.001
<0.001
>0.999

0.487



ß

2018 Wolters Kluwer Health, Inc. All rights reserved.

Copyright © 2018 Wolters Kluwer Health, Inc. All rights reserved.

Annals of Surgery  Volume 269, Number 1, January 2019

Breast Implant Long-term Outcomes

3.59–5.56, P < 0.001) is more than double the general population.
SIRs less than 2.0 but statistically increased are also demonstrated for
preterm birth, and neonatal intensive care. Silicone implants are
associated with statistically decreased rates of birth defect/
congenital malformation.

Local Complications and Reoperation
Local, implant-specific complications, and reoperation are
summarized (Table 5). Allergan reports silicone and saline outcomes
pooled for all indications. At 2 years, rupture is higher for saline
implants, 2.5% versus 0.5% silicone, P < 0.001. Capsular contracture (III/IV) is higher for silicone, 5.0% versus 2.8% saline, P <
0.001. Mentor reports silicone outcomes stratified by indication. At
3 years, rupture and capsular contracture (III/IV) are highest among
revision augmentations, 1.0% and 11.8% respectively, P < 0.001.
Seven-year follow-up (n) by indication is not reported, precluding
statistical comparison. Event rates are higher in reconstruction versus
augmentation, and revision versus primary surgery. Grade III/IV
capsular contracture ranges from 7.2% to 18.3%, clinically suspected
rupture 8.2% to 15.6%, infection 3.3% to 6.3%, and breast pain
19.6% to 29.6%. Five-year reporting for Allergan is limited, varying
by indication: infection 0.3% to 1.9%, and rupture 1.4% to 2.6%.
Short-term reoperation and implant removal are higher for
silicone (6.5% and 3.4% at 2 years, P < 0.001) and in primary
reconstruction (20.4% and 13.5% at 3 years, P < 0.001). Etiology of
implant removal is summarized for Allergan (eTable 4, http://links.lww.com/SLA/B485) and Mentor (eTable 5, http://links.lww.com/
SLA/B485). The most common reason for both manufacturers is
desire for size/style change. At 7 years, the reoperation rate for
primary augmentation is 11.7%, revision 18.9%, most commonly for
capsular contracture and patient requested size change (primary:
26.8%/21.0%, revision: 31.1%/19.9%, respectively). Reoperation for
primary reconstruction is 24.7%, revision 26.6%, most commonly for
asymmetry and capsular contracture (primary: 22.1%/20.0%, revision: 24.4%/21.4%, respectively). Altogether at 7-year follow-up,
35.9% of primary augmentations experience a complication and/or
reoperation, and greater than 50% of revision augmentations and
primary/revision reconstructions.

DISCUSSION
This is the largest, most comprehensive study of patient safety
and implant-specific outcomes for breast implants reported in the
literature. Long-term outcomes are obtained from reports of FDA

LPAS data. Analyses include rare harms that Core Studies were not
adequately powered to detect, and have never before been reported.
Silicone breast implants are associated with increased rates of
Sjogren syndrome (SIR: 8.14), scleroderma (SIR 7.00), rheumatoid
arthritis (SIR: 5.96), stillbirth (SIR: 4.50), and melanoma (SIR: 3.71),
greater than double the general population. It is critical patient-level
data from the LPAS database be made available for unbiased analysis
of these harms, resolving the existing weaknesses in and debate over
the evidence. LPAS were multicenter effectiveness studies, reflecting
generalizable outcomes for implant-specific complications, and
compliance with imaging surveillance; these outcomes are valuable
in informing surgeons and patients.
Our study agrees with a meta-analysis by Balk et al,12 which
pooled outcomes for silicone implants from 32 observational studies;
associations were found for rheumatoid arthritis, Sjogren syndrome,
and Raynaud syndrome (a main feature of CREST syndrome, the
limited cutaneous form of scleroderma). Results in our study show
a greater effect size for these same CTDs. That meta-analysis is
limited primarily by inconsistency of the pooled studies, as well as
indirectness (some studies included saline), bias from potential
confounders, and LTFU. LPAS data in our study is self-reported,
and similarly limited by the inability to account for confounders
and LTFU. A large demographic study found a significant association between implants and poly/dermatomyositis, scleroderma, and
Sjogren syndrome, which disappeared when only 22.7% of selfreported diagnoses could be confirmed.39,40 A previous descriptive
review similarly concluded no association between silicone implants
and CTD.41
Manufacturers are consistent in terms of patient-reported
rheumatologic symptoms; even after their own age-adjusted analysis,
more symptoms are experienced by patients with silicone implants.
Allergan reports ‘‘higher standard incidence ratios (SIRs) were
observed in the revision-reconstruction cohort for scleroderma,
Sjogren’s syndrome, and dermatomyositis/polymyositis’’ at 7 years,
without quantification.15 Further, ‘‘500 [sic] possible [rheumatologic] events in silicone vs less than 5 events occur in saline, and
some symptoms occurred more frequently in the silicone cohort
compared to the saline cohort, even after an age-adjusted analysis.’’15
This parallels patient information for Mentor silicone implants,
‘‘significant increases were found for fatigue, exhaustion, joint
swelling, joint pain, numbness of hands, frequent muscle cramps,
and the combined categories of fatigue, pain, and fibromyalgia-like
symptoms in primary augmentation patients, and for joint pain in

TABLE 5. Local Complications and Reoperation
Allergan

Mentor

Mentor

Silicone Saline

Silicone

Silicone

Indication
N
Time (yr)
Follow-up (%)
Rupture (%)
Capsular contracture
(III/IV) (%)
Breast pain (%)
Infection (%)
Reoperation (%)
Implant removal (%)
Any complication and/or
reoperation (%)

Primary Revision Primary Revision
Primary Revision Primary Revision
P Value Augment Augment Recon
Recon P Value Augment Augment Recon
Recon

All
41,342
2
60.5
0.5
5.0


6.5
3.4


15,646

2

45.1

2.5
P<0.001
2.8
P<0.001


4.5
2.4




P<0.001
P<0.001


26,118
3
20
0.2
5.3

8365
3
19
1.0
11.8

5031
3
29
0.4
9.1

1757
3
28
0.7
10.0




P<0.001
P<0.001


7

8.2
7.2


7

14.2
18.0


7

12.5
12.7


7

15.6
18.3



10.8
5.0




14.6
7.7




20.4
13.5




17.7
11.7




P<0.001
P<0.001


19.6
3.3
11.7
6.2
35.9

25.0
4.0
18.9
12.5
50.8

29.6
6.3
24.7
15.9
53.4

27.8
5.9
26.6
17.4
58.5



Clinically suspected.
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revision-augmentation patients. These increases were not found to be
related to simply getting older over time.’’42
A separate publication of LPAS data sponsored by Allergan
reported no significantly higher rate of CTD, or any systemic harm
investigated in our study at 5 years.6 This data is not included in
public LPAS reporting.1,15 All Allergan diagnoses had to be confirmed by a physician, and analyses were adjusted for a number of
covariates in each case.6
A common criticism of patient-reported data is that diagnoses
are not confirmed by a physician, and may not be true events.
However, we believe patient-reported symptoms are important to
plastic surgeons and surgical oncologists alike, mirroring what
practically occurs. In everyday practice, patients with silicone breast
implants may present with these symptoms, and ultimately be
referred to a rheumatologist for assessment. Even if patient-reports
are not believed to be true events, these outcomes demonstrate the
proportion of patients who will be referred for evaluation of their
symptoms, regardless of whether a diagnosis is ultimately confirmed.
There is 1 case of BI-ALCL reported by Mentor.16 The number
needed to harm for BI-ALCL is estimated to be 58,140 for all breast
implants.43 To date, BI-ALCL is only reported as a sequela of textured
implants; available data did not distinguish between textured versus
smooth. A separate publication by Allergan reported no BI-ALCL
cases, however it is unclear whether BI-ALCL was a tracked outcome.6
The association between silicone implants and melanoma (SIR: 3.17)
is inconsistent with previous literature which demonstrates no relationship.44–46 The 65 reported melanoma cases also drive the elevated
rate of overall cancer. Our study found no association between silicone
implants and breast cancer, contrary to previous literature demonstrating decreased rates;12,44–47 patient confounders and implant-related
metabolic factors are hypothesized for this observed reduction.12,48,49
The decreased rate of lung cancer in this study disagrees with the
literature supporting no association or an increased rate,50 owing to
increased rates of smoking in the implant population.12 Similar to the
literature, there is no association with brain cancer in our study.51 The
association with multiple sclerosis and overall neurological disease is
not supported by the literature.12,52,53
Reproductive outcomes are inconsistent. There is an increased
rate of stillbirth, but no association with miscarriage versus the
general population. Moreover, CTD is known to be associated with
higher rates of stillbirth.54 There are increased rates of preterm birth
and neonatal intensive care, but no association with low birth weight.
There is no evidence of poor reproductive outcomes in the literature,12 despite studies not adjusting for alcohol or smoking status.55
At baseline, women pursuing breast augmentation have been demonstrated to be more likely to smoke, have a prematurely terminated
pregnancy, and fewer overall live births.56
Our study finds no association between breast implants and
suicide. Suicide and psychiatric outcomes have been a major focus of
breast implant research, with a possible association addressed by the
FDA in 2011.1 Analyses are thought to be confounded by socioeconomic status, self-esteem, psychological distress, and psychotherapy
among implant patients.1,12,57 A meta-analysis found that despite
reports of increased suicide rates, studies adjusted for covariates did
not demonstrate an association.12 While BREAST-Q outcomes for
satisfaction and psychosocial well-being were improved postoperatively, analyses included both augmentations and reconstructions.
The US FDA recommends MRI surveillance of silicone
implants 3 years postoperatively and every 2 years thereafter to
assess for integrity/rupture. LPAS are effectiveness studies, and
demonstrate compliance is less than 5% at 5 years. Imaging is a
financial burden to patients and an ineffective screening tool, and
therefore initial assessment with ultrasound is an optimal alternative
in economic analysis.58
34 | www.annalsofsurgery.com

Short-term analyses for Allergan data could not be stratified
by indication, and short and long-term for Mentor did not include
saline. Long-term implant-specific outcomes in our study deliver
practical expectations. For patients, specific rates of complications
and reoperation can be provided by intervention within 7 years. In
primary augmentation at least ‘‘one-in-nine’’ patients undergo reoperation (11.7%). In reconstruction reoperation is ‘‘one-in-four’’
(24.7–26.6%). Altogether, ‘‘one-in-three’’ (35.9%) of primary augmentations and ‘‘more than half’’ (50.8–58.5%) of revision augmentations, primary/revision reconstructions will experience some
degree of morbidity in the form of a complication and/or reoperation.
For surgeons, capsular contracture is confirmed to be the greatest
long-term source of morbidity and reoperation. Outcomes in our
study could not be stratified by relevant implant characteristics.
Minimizing capsular contracture is an ongoing research priority.59,60
Our outcomes are similar to those reported from Core Study data.7,9

Limitations
Our study has a number of limitations inherent to observational and summarized data. Given the summarized LPAS data, we
were limited to the data that is publicly reported.6,12 Methodological
details of LPAS are limited. We are unable to comment on outcome
assessment, dealing with LTFU, other potential sources of bias, or
differences between Allergan and Mentor’s protocols. All outcomes
are not available from both manufacturers. Patients could not be
analyzed on an individual level. It is accepted that women with breast
implants have a number of distinct baseline factors and comorbidities.61,62 This is especially important in adjusting analyses for
known covariates or potential confounders among rare harms, where
adjusted primary studies and Allergan sponsored publication report
the most conservative results. Outcomes in subgroups of implant
characteristics, operative details, and specific clinical combinations
(eg, silicone fill, round shape, textured shell, subgladular pocket,
inframammary approach) could not be isolated from summary data.
Additionally, data relied on self-reporting, notably for diagnoses for systemic harms and reproductive outcomes in Mentor
patients. In contrast, Allergan diagnoses required confirmation with
the diagnosing physician. Self-reporting of CTD,39 melanoma,63 and
skin cancer64 may be imprecise. Patients with symptoms or belief in a
disease may be more likely to complete questionnaires.
Further, all analyses rely on indirect comparisons. Allergan
and Mentor outcomes should not be directly compared since they
were collected under different protocols; superiority analysis would
require a head-to-head trial. Comparisons to normative data cannot
be matched on a patient-level due to summary reporting. Data did
not allow for comparisons between silicone and saline for many
outcomes.
Finally, there is significant attrition in long-term follow-up
rates and missing outcome data; patients who continue follow-up
may systematically differ from those lost to follow-up. While LPAS
were designed accounting for 35% LTFU,65 this was exceeded in
some subgroups. Appreciable rates of LTFU are similarly observed
in Postapproval Studies from other specialties.66,67 This limits our
interpretation of study results.

CONCLUSION
This is the largest study of breast implant outcomes reported in
the literature. Data was obtained from US FDA Large Postapproval
Studies, which enrolled nearly 100,000 patients and captured imaging surveillance, long-term implant-specific outcomes, and rare
harms over an adequate time-horizon. This study demonstrates
silicone implants are associated with an increased risk of certain
systemic harms. These associations are not conclusive given limitations of LPAS reporting. Further, summary data is unable to deliver
ß
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outcome profiles for implants in specific clinical scenarios. To
resolve the remaining uncertainty in the evidence base, it is important
that LPAS data be analyzed on a patient-level, and in an unbiased
manner. It remains the plastic surgery community’s duty to provide
definitive evidence for the risks associated with breast implants.
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