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Background and Objective: Complications associated with implant-based reconstruction have
a spectrum of severity with sequelae ranging from mild aesthetic deformities to additional surgery,
reconstructive failure and systemic illness. The purpose of this narrative review of the literature is to provide
updated evidence-based information on the management of complications in implant-based reconstruction.
Methods: A systematic search of PubMed, OVID MEDLINE and the Cochrane Library databases was
performed to identify common complications associated with implant-based breast reconstruction, incidences
of occurrence as well as preventative and management strategies.

Key Content and Findings: Pertinent short and long-term complications of implant-based breast
reconstruction include hematoma, implant infection, seroma, skin envelope necrosis, capsular contracture,
rupture, malposition, animation and contour deformities, implant-associated anaplastic large cell lymphoma,
and breast implant illness. Important preventative measures for short term complications include meticulous
sterile technique and antibiotic irrigation, adequate drainage and critical evaluation of mastectomy
flaps. Management of short-term complications requires early recognition and aggressive treatment to
prevent reconstructive failure as well as long-term complications such as capsular contracture. Important
technological advances include dual-port expanders for seroma drainage, indocyanine green angiography for
mastectomy flap perfusion evaluation, cohesive form-stable implants for treatment of rippling, and various
biologic and synthetic mesh products for pocket control and correction.

Conclusions: Important principles in management of short-term complications in implant-based
reconstruction include aggressive and early intervention to maximize the chance of reconstructive salvage.
Contemporary technological advances have played an important role in both prevention and treatment of
complications. Over-arching principles in management of implant-based reconstruction complications focus
on preventative techniques and preoperative patient counseling on potential risks, their likelihood, and

necessary treatments to allow for informed and shared decision-making.
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Introduction

Implant-based reconstruction is currently the most common
form of breast reconstruction following mastectomy,
capturing 75% of all breast reconstruction performed in
2020 (1). Immediate breast reconstruction after mastectomy
utilizing either tissue expanders or implants is a well-
tolerated operation in the appropriately indicated patients.
A variety of techniques exist that include different planes of
prosthesis placement, mastectomy patterns, prosthesis types
and use of support materials which have all demonstrated
appropriate safety data (2-9). Complications after implant-
based breast reconstruction, however, are not uncommon,
and can be a significant burden to both the patient and
provider without appropriate preparation to understand,
prevent and treat these issues.

Complications of implant-based breast reconstruction
include those inherent to surgery as well as device-related
complications. These complications have a wide spectrum
of sequelae that include conservative management, medical
therapy, reoperation, reconstructive failure and systemic
illness. Per the Mastectomy Reconstruction Outcomes
Consortium study, overall complication rates for implant-
based breast reconstruction range between 26.6-31.3%,
while reoperation rates are 15.5-18.8% (10). While severe
complications tend to be less frequent, plastic surgeons
should be comfortable understanding risk factors that
guide decision-making to avoid complications as well as
recognize problems early and treat them. Moreover, a
thorough comprehension of risk factors for complications,
their incidence and the treatment/sequelae is critical for
preoperative patient counseling. The purpose of this
narrative review is to summarize the current evidence on
common complications after implant-based reconstruction,
the associated risk factors and guidance on management.
We present this article in accordance with the Narrative
Review reporting checklist (available at https://atm.
amegroups.com/article/view/10.21037/atm-23-1384/rc).

Methods

A review of the literature was performed utilizing the
PubMed, OVID MEDLINE and Cochrane Library
databases from 2000 to 2023, with MeSH terms and
keywords “implant based reconstruction”, “breast
reconstruction”, “breast reconstruction complication”,
“skin flap necrosis”, “breast implant seroma”, “breast
implant hematoma”, “breast implant infection”, “capsular
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contracture”, “implant malposition”, “breast implant
rupture”, “breast implant lymphoma”, and “breast implant
illness” as applicable. Inclusion criteria included observational
or experimental original articles or systematic reviews of
these studies published in peer-reviewed journals indexed to
the aforementioned databases. Non-English manuscripts and
abstracts were excluded from the review (Table 1).

Discussion

Complications after implant-based breast reconstruction
can be divided into short and long-term complications
(Table 2). Short-term complications can be conceptualized
as perioperative complications that have the potential to
threaten a reconstruction.

Long-term complications may not pose an acute
threat of reconstructive failure, but include undesirable
aesthetic results (malposition, rippling), more significant
reconstructive concerns (severe capsular contracture or
animation deformity) and rare systemic illnesses [breast
implant-associated anaplastic large cell lymphoma (BIA-
ALCL)]. While the chronological acuity of these different
complications may have some overlap between the “short”
and “long” term categories, we have found that structurally
organizing complications in this manner provides easier
conceptualization as well as explanation to patients.

In this regard, preoperative patient counseling and
discussion is a central tenet to the management of
complications in implant-based reconstruction. Studies
have demonstrated the lack of informed decision-making
in breast reconstruction which requires a thorough
discussion and moreover understanding of the issues at
hand by patients (11). Critical topics of discussion include
incidence of specific complications, implications for the
reconstruction and the patient, short and long-term
sequalae, risk factors and potential necessary treatments if
complications do occur. Several risk calculators are available
to help guide both patients and providers in understanding
the relative risks of these procedures in an individualized
manner (12,13).

Short-term complications

Hematoma

Hematoma is estimated to occur in approximately 1-3% of
cases of implant-based breast reconstruction (7,14-19). Most
hematomas occur within the first postoperative week and
often present with breast swelling, ecchymosis, tenderness,
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Iltems Specification

Date of search February 1%, 2023

Databases and other sources searched PubMed, OVID MEDLINE, Cochrane Library

Search terms used

“implant based reconstruction”, “breast reconstruction”, “breast reconstruction complication”,

“skin flap necrosis”, “breast implant seroma”, “breast implant hematoma”, “breast implant

» o«

LETH

infection”, “capsular contracture”, “implant malposition”, “breast implant rupture”, “breast
implant lymphoma”, and “breast implant illness”

Timeframe 01/2000-01/2023

Inclusion and exclusion criteria

Inclusion criteria included observational or experimental original articles or systematic reviews

of these studies published in peer-reviewed journals indexed to the aforementioned databases.
Non-English manuscripts and abstracts were excluded from review

Selection process
MD; Ara A. Salibian, MD

Selection process was conducted by authors: Dean H. Meshkin, MD, MS; Joseph M. Firriolo,

Table 2 Complications of implant-based breast reconstruction

Short-term Long-term

Seroma Capsular contracture
Hematoma Malposition

Infection Contour deformities & rippling

Skin envelope necrosis  Animation deformity
Implant rupture
BIA-ALCL

Bl

BIA-ALCL, breast implant associated anaplastic large cell
lymphoma; Bll, breast implant illness.

and high drain outputs with frank blood. The majority of
hematomas have been found to originate from chest wall
muscle (principally pectoralis major) or within the axillary
region (18). While traditionally considered a short-term
complication, late hematomas do occur and should be
considered by plastic surgeons when evaluating a swollen
breast in the setting of alloplastic reconstruction (15,20).

Careful pocket dissection and meticulous hemostasis
are key to hematoma prevention. Preoperatively, drugs
with antiplatelet and/or anticoagulant properties should
be discontinued as appropriate. Bleeding diatheses and
coagulopathies must be addressed. Drain placement does
not prevent hematoma, but may lead to earlier detection
of hematoma and relieve mastectomy flaps of pressure
secondary to hematoma formation (21).

Few specific patient characteristics, operative techniques,
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or oncologic factors have proven to be risk factors for
hematoma formation (15,18). Hematoma rates appear
similar between those with prepectoral and subpectoral
breast reconstruction (22,23). Additionally, intraoperative use
of ketorolac is not associated with hematoma formation (24).
Administration of intravenous tranexamic acid (TXA), an
anti-fibrinolytic medication, has demonstrated success in
significantly decreasing hematoma rates (25). Other studies
have confirmed comparable or superior efficacy of topical
tranexamic acid, while having significantly lower blood
concentrations than intravenous administration, thereby
decreasing the risk of thromboembolic phenomena (26).

Hematoma increases the risk of mastectomy skin flap
necrosis, capsular contracture, and poor aesthetic outcome.
In severe cases, hematoma can lead to hemodynamic
compromise and necessitate the transfusion of blood
products. Most hematomas require return to the operating
room for breast exploration, hematoma evacuation, and
restoration of hemostasis (18,25). Infrequently, small
hematomas may be aspirated, and less frequently, they are
treated with compression (although this intervention lacks
evidence).

Infection

Infection is a dreaded complication of implant-based
breast reconstruction that can result in implant loss, delay
of adjuvant oncological treatment, and compromise of
the final aesthetic outcome. Infection in implant-based
reconstruction has been observed at greater rates than in
cosmetic breast augmentation (27). Infection occurs in an
estimated 7-14% of cases of prosthetic reconstruction;
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however, rates have been recorded as high as 30% (28-30).
The clinical presentation of infection is highly variable
and includes mild peri-incisional cellulitis, whole breast
erythema, localized abscess in the breast pocket, and turbid
or purulent drainage.

Several risk factors have been identified for the
development of infection following implant-based breast
reconstruction (29,31). These include high body mass
index (BMI), a history of preoperative radiation, a history
of chemotherapy, smoking, and the development of
noninfectious complications (skin necrosis, hematoma,
and seroma). Acellular dermal matrix (ADM) has also been
implicated in infection, with some investigators citing a
three- to five-fold risk associated with ADM use (14,32).
While the underlying mechanisms are not completely
understood, it is likely that this infection risk is in part
associated with increased seroma formation with ADM.

Meticulous sterile technique and intraoperative
antibiotic prophylaxis are the current standard of care
for the prevention of surgical site infection. It is not
uncommon for extended antibiotic prophylaxis (>24 hours
postoperatively) to be prescribed in the setting of implant-
based breast reconstruction; however, this practice does
not appear to reduce infection nor implant loss (33,34). A
recent prospective, multicenter, randomized control trial
recommended against multiple-dose intravenous antibiotic
prophylaxis due to both its lack of efficacy and its increased
antibiotic-related adverse events (33).

Broadly, the management of infections involves
antimicrobial therapy (oral or intravenous) and management
of concurrent complications (including necrosis, seroma,
and/or hematoma). When indicated, escalation may occur
to interventional drainage and operative washout with
implant removal. Upon diagnosis of infection, prompt
initiation of empiric antibiotics is paramount, followed by
close clinical observation to determine the appropriateness
of implant salvage. Mild infections may be treated with oral
antibiotics (10- to 14-day course of typically clindamycin,
trimethoprim-sulfamethoxazole, linezolid, or ciprofloxacin)
(27,29,35). However, moderate to severe cases of infection
necessitate intravenous antibiotics, with coverage of
methicillin-resistant Staphylococcus aureus (MRSA),
coagulase-negative staphylococci, and gram-negative
bacteria (e.g., vancomycin and piperacillin-tazobactam)
(27,29,35,36). If rapid improvement is observed while on
intravenous antibiotics, patients may be transitioned to
an oral regimen. If no improvement is noted within with
intravenous antibiotics, operative washout with implant
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removal is indicated (37).

Patients who undergo debridement and implant removal
are treated with 10-14 days of antibiotics, guided by
intraoperative cultures. Reimplantation should be delayed
until 4-6 months following the completion of antibiotic
therapy (37). Implant salvage rates are reported in the
range of 37-64% based on retrospective cohort studies,
with approximately 25% salvage rate by means of antibiotic
therapy alone and 12% following implant exchange,
although this stratification is scarce in the literature
(31,38,39). Higher white blood cell counts and certain
causative organisms (most notably MRSA) have been
identified as risk factors for failed implant salvage (31,38,39).

Seroma

The incidence of seroma following implant-based breast
reconstruction has been reported to be as high as 20% (40) in
prior literature reviews. In addition to causing patient distress
and discomfort, seromas may delay progression to adjuvant
therapy, and potentially escalate to infection and prosthesis
loss. The etiology of seroma formation is multifactorial;
however, post-mastectomy inflammation, dead space
formation, lymphatic disruption, and electrocautery damage
all likely play a role (41-43). Furthermore, foreign body
response may also contribute to the development of seroma
which may be further potentiated by contamination and the
presence of biofilm (18,44,45).

Elevated BMI is a major risk factor for seroma formation.
Among obese patients (i.e., BMI >30 kg/m°®), every
unit increase in BMI has been demonstrated to incur a
7-14% increased risk of seroma (14,40). ADM use is also
associated with seroma formation. When compared with
submuscular breast reconstruction, various meta-analyses
have determined a two- to four-fold increase in seroma rate
associated with ADM use (7,16,17,19,40). Preoperative
radiation has also been associated with a 3.2-fold increase
in likelihood of seroma formation (40) in a recent meta-
analysis.

Several strategies are available to prevent seroma
formation. Closed-suction drains are considered a standard
part of implant-based reconstruction and are most commonly
removed once output is decreased below a certain low
threshold. A recent randomized controlled study, however,
demonstrated low seroma rates and improved quality of
life with early drain removal protocols (46). Intraoperative
elimination of dead space can also aid in seroma prevention
and may be achieved in various ways, including excision/
tailoring of skin flaps, judicious intraoperative tissue
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Figure 1 Dual-port tissue expanders allow for aspiration of seroma fluid in the implant pocket through a second aspiration port. (A)

Placement of a dual-port tissue expander in the prepectoral plane without ADM. (B) In-office aspiration of seroma after drain removal.

ADM, acellular dermal matrix.

expansion fills, and quilting sutures. The topical application
of TXA has also been demonstrated to reduce drain outputs
and decrease complications in a recent double-blind,
randomized controlled trial (47).

Intraoperative sterile technique is paramount to decrease
bacterial load and avoid the development of biofilm, which
may serve to heighten the postoperative inflammatory
response. Fenestration or meshing of the ADM can be
employed to promote fluid egress and most newer iterations
of ADM include fenestrated designs. Activity restrictions,
particularly as they pertain to limitations in shoulder and
arm movement, may also decrease seroma formation (43).

Should seromas occur, vigilant treatment is warranted to
prevent seeding and superinfection that may threaten the
reconstruction. The initiation of prophylactic antibiotics
upon seroma detection has been advocated to reduce this
risk; however, this practice lacks evidence (40). Needle
aspiration may be an adequate treatment for mild to
moderate seromas. Often aspiration is performed by
interventional radiology under ultrasound guidance for
implant protection. This can be paired with interventional
drain placement to prevent seroma recurrence. The
development of portable ultrasounds have also led plastic
surgeons to more safely perform these procedures in the
office (48). In the setting of tissue expanders, the expander
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can be inflated at the time of aspiration to eliminate dead
space. Operative incision and drainage are indicated for
large seromas, seromas refractory to repeated aspiration, or
seromas complicated by infection.

Certain technological advances such as dual-port
tissue expanders have allowed for treatment of seromas
without the need for ultrasound-guided aspiration or drain
placement (Figure 1A4,1B). Dual-port tissue expanders have
proved beneficial in both the prevention and treatment of
seromas. Seromas can be drained through the integrated
drain port in the clinic setting, obviating the need for
ultrasound-assisted aspiration (49,50). Retrospective
reviews by Liu ez /. and Momeni et al. report successful
treatment of all cases of seroma with in-office aspiration
from the integrated drain port (49,51). More recent single
center series utilized integrated drain ports for routine
aspiration without placing closed-suction drains (52,53). A
recent retrospective series by Franck et #/. noted a similar
complication profile and statistically significant decline
in postoperative pain scores with drainless dual-port
reconstruction compared to use of standard closed-suction
drains (52).

Mastectomy skin envelope necrosis
Mastectomy skin envelope necrosis is characterized by
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Table 3 Risk factors for mastectomy skin envelope necrosis

Meshkin et al. Complications following implant-based breast reconstruction

Patient characteristics External factors

Reconstructive factors

BMI =0 Tobacco use

Diabetes mellitus Radiation therapy
Macromastia’ Chemotherapy

Ptosis’

Poor mastectomy flap quality
Peri-areolar incisions'

Immediate implant placement!

', risk factors in nipple-sparing mastectomy. BMI, body mass index.

microcirculatory insufficiency at the level of the suprafascial
and subdermal plexus responsible for fueling the stages
of wound healing (54,55). This compromise in perfusion
can lead result in incisional dehiscence as well as partial
and full-thickness skin or nipple loss. In the context of
implant-based breast reconstruction, the literature’s clinical
definition for mastectomy skin envelope necrosis remains
inconsistent due to the absence of an accepted, standardized
classification system. As such, current diagnostic criteria
may refer the area or depth of tissue involvement, type of
intervention required, or timing of complication onset,
with reported rates of skin envelope necrosis differing
significantly based on the preferred criteria (56). For the
purposes of this review skin envelope necrosis is considered
any degree of necrosis requiring deviation from the normal
post-operative care protocol.

Rates of mastectomy flap necrosis in the literature range
from 4.5% to 41% based on recent a systematic review (57).
Several factors have been identified as independent risk
factors for mastectomy flap necrosis in patients undergoing
implant-based breast reconstruction (7able 3). Patient
comorbidities including tobacco use, BMI of 30 or greater
and diagnosis of diabetes mellitus are known to impose
deleterious effects on microvascular patency, choke-vessel
adaptive responses to metabolic stress and neovascular
signaling pathways critical to wound healing following
mastectomy and breast reconstruction (58-61). Similar
concern has been speculated for nicotine-containing
electronic cigarettes and vape pens, although the association
has yet to be studied clinically (62). Radiation therapy is
also an important factor due its deleterious effects on tissues
due to proinflammatory factors and reactive oxygen species
that cause hypercoagulability and microvascular thrombosis
(63,64). Data comparing outcomes with radiation therapy
prior to implant-based reconstruction show higher rates of
skin flap necrosis, infection and seroma when the onset of
these changes precedes reconstructive surgery, likely due to
impaired ability of irradiated tissues to adapt to the stress
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imposed by permanent implants or expanders (65,66).

When oncologic criteria are met, nipple sparing
mastectomy (NSM) allows for the preservation of the
nipple-areola complex (NAC) and entire skin envelope
to optimize aesthetic results. However, NSM has a
predilection for ischemic complications in certain cases
due to the increased surface areas of perfusion, retraction
of tissues during mastectomy and inability to resect
significant amount of compromised skin intraoperatively.
Rates of NAC necrosis range from around 2% to 7% in
the literature and are affected by similar risk factors as
mastectomy flap necrosis (67-72). Important considerations
in addition to comorbidities, smoking and adjuvant therapies
include incision patterns as periareolar incisions have been
associated with higher rates of ischemic complications (4,67).
Reconstruction type (tissue expander versus immediate
implant) as well as breast size and ptosis are also important
variables (4,73). In patients with macromastia and ptosis,
prophylactic staged reductions prior to NSM have
demonstrated the ability to decrease ischemic complications
of the skin envelope (74).

Adherence to an anatomic plane separating the breast
parenchyma from the subcutaneous fat superficially is
crucial to preserving circulation to the overlying skin
and nipple and is likely the single most important factor
in preventing ischemic complications. Intraoperative
assessment of mastectomy flap quality is a critical
component in the management of potentially impaired skin
envelope perfusion (75). Relative mastectomy flap thickness
to preoperative subcutaneous tissue thickness is an important
predictor of mastectomy flap quality (Figure 2). Postoperative
mastectomy flap thickness less than 70% of the preoperative
subcutaneous tissue thickness has been associated with
ischemic complications of the skin envelope (76). Additional
important factors in assessment of mastectomy flap quality
include preservation of subcutaneous tissue, extent of visible
dermis, skin mottling, incision edge bleeding and cautery
burns (77).
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Figure 2 Skin-sparing mastectomy and immediate prepectoral
reconstruction without ADM demonstrating preservation of the
subcutaneous tissue superficial to the breast pseudocapsule. ADM,

acellular dermal matrix.

Figure 3 Total submuscular reconstruction using pectoralis major
and serratus fascia due to concern for compromised mastectomy

flaps intraoperatively.

Laser-assisted fluorescent angiography, or indocyanine
green (ICG) angiography, has recently become an
effective surgical decision-making tool in reducing
skin envelope necrosis and downstream complications
threatening reconstructive failure (78,79). The vascular
imaging modality is advantageous in permitting real-time
visual assessments of superficial blood flow throughout
a procedure. Perfusion of skin edges has been correlated
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with clinical outcomes by means of an absolute emission
score or a relative perfusion percentage, with predictive
values for skin envelope necrosis increasing stepwise as
scores or perfusion percentages decrease below 8.0 or 45%,
respectively (65,78,80,81).

Intraoperative decision-making based on these different
variables has important implications for minimizing
complications associated with compromised mastectomy
flap or NAC perfusion. In situations were poor mastectomy
flap quality is suspected, surgeons may respond accordingly
by decreasing expander volumes, resecting poorly perfused
tissue in skin-sparing mastectomies or converting from
immediate implant to tissue expander reconstructions.
Other techniques to avoid potentially more significant
complications such as implant exposure include conversion
from prepectoral to total submuscular reconstruction
(Figure 3) or reconstructive delay. The potential for changes
in operative plans based on intraoperative factors such
as number of stages, prosthesis plane alterations or total
reconstructive delay must be thoroughly communicated to,
and understood by, the patient preoperatively.

Therapeutic options after the onset of skin envelope
necrosis are largely contingent on complication severity.
Small areas of partial thickness defects may be successfully
managed with local wound care and clinic debridement
under close observation in the outpatient setting. Negative
pressure wound therapy has also been shown to not only
reduce skin envelope necrosis when used prophylactically
but also limit complication progression when used as
adjuvant therapy (82). A threshold to advance to operative
debridement has not been established and management
requires a case-by-case analysis. Reports for skin envelope
necrosis amenable to non-operative management show
a median necrotic area of 5.5 cm’ as compared to 15 cm’
for those receiving surgery (83). In addition to surgical
debridement, local or free tissue transfer may be
necessary for instances of skin envelope necrosis where
epithelization may be inadequate, or implant exposure
is likely imminent (83,84). Management strategies are
particularly affected by the risk of implant exposure. In this
regard, total submuscular reconstruction may allow for
more conservative management or in-office debridement
(Figure 44-4D) compared to prepectoral reconstruction in
which full-thickness necrosis can lead to direct prosthesis
contamination or exposure (Figure 5). The latissimus dorsi
muscle flap is a reliable salvage procedure for severely
threatened implant reconstructions, and more recently
Brown et. al. have demonstrated success with less invasive

Ann Transl Med 2023;11(12):416 | https://dx.doi.org/10.21037/atm-23-1384



Page 8 of 20

Meshkin et al. Complications following implant-based breast reconstruction

Figure 4 Well-vascularized tissue between the prosthesis and the skin can help prevent significant complications after mastectomy flap

ischemia. (A) Evidence of marginal mastectomy flap incisional ischemia in an immediate total submuscular two-stage reconstruction after

skin-sparing mastectomy. (B) Resultant small full-thickness dehiscence of incision to underlying muscle amenable to in-office debridement

and closure (C) with subsequent healing (D).

rotational thoracoepigastric and thoracoabdominal
fasciocutaneous flaps (83,85). Early and expeditious
intervention remains an important overarching principle for
management of ischemic complications of the skin envelope
in implant-based reconstruction (86).

Adjunctive treatments include topical nitroglycerin
therapy as well as hyperbaric oxygen. The venous and
vasodilatory effects of nitrates first implemented for angina
can be also recruited in topical application of nitroglycerin
for both prophylactic and acute management of skin flap
necrosis of the breasts. Drug penetration enables improved
perfusion and venous outflow while producing prostacyclin
to inhibit thrombosis (87). Known side effects include

© Annals of Translational Medicine. All rights reserved.

headaches, dizziness and mild hypotension, all secondary
to systemic absorption and endothelial stimulation.
Retrospective studies, systematic reviews and randomized
trials have cemented the efficacy of topical nitroglycerin
in reducing rates of partial and full-thickness skin flap
necrosis in immediate and delayed implant based breast
reconstruction, both as patch therapy applied in the days
preceding surgery, or in the immediate post-operative phase
as part of dressing changes (65,88-91). The post-operative
therapeutic period for most studies was 48 hours, whereas
the maximum effect duration for a single application of
topical nitroglycerin is 12 hours (92). Taking into account
the medication’s relatively short half-life, it is possible that
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Figure 5 Implant exposure after nipple-sparing mastectomy
and prepectoral immediate implant reconstruction at an outside
hospital requiring explantation and planned future autologous

reconstruction.

the brevity of post-operative application timelines causes
therapeutic effects to fall short of ample collateral vessel
dilation and angiogenesis reaching capable of supporting
the remainder of skin healing. More recently, sessions with
hyperbaric oxygen therapy have also shown potential for
improving skin envelope necrosis in the immediate post-
operative period, although larger trials will be necessary to
further investigate the impact of this therapy (93,94).

Long-term complications

Capsular contracture

Fibrous encapsulation of breast implants is a physiologic
process resembling that observed with other nonporous
foreign body responses. This immune-mediated reaction
can become exacerbated, leading to thickened and helical
re-distribution of collagen fibers of the capsule and scar-
like contracture of the breast-implant pocket symptomatic
with pain and breast distortion (95). The etiology for
this dysregulated response has not been confirmed and is
likely patient specific; however, ongoing theories include
subclinical implant infection with biofilm development as
well as predisposition to autoimmune responses leading
to chronic inflammatory states (96). The incidence of
capsular contracture was previously believed to be limited
to the first post-operative year; however, studies have
demonstrated continued occurrence beyond 2 years as well,
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with observations of an added 1% risk per year and 24.6%
incidence over the span of 10 years (97,98).

Several components of reconstructive techniques
have been identified that influence capsular contracture
development. In assessing infectious etiologies of capsular
contracture, betadine irrigation of the implant pocket
has been shown to reduce complication rates whereas
introducing antibiotic irrigation or post-operative oral
regimens have not (99-101). Irritation of surrounding
tissues from hemoglobin deposition or subsequent
evacuation procedures may explain the observed association
between post-operative hematoma and contracture
occurrence (97,102,103). Implant texturing is a well-
described variable in the onset, and therefore prevention
of, capsular contracture (104,105). The uneven surface of
textured implants creates a three-dimensional capsule in
which collagen fiber vectors counteract and yield reduced
net-linear contractile forces as more commonly observed
following encapsulation of smooth-surfaced implants (106).
Long-term data suggest that silicone implants may have
a greater association with capsular contracture in the
setting of implant rupture, due to an insidious presentation
that promotes delayed recognition and also an inability
of surrounding tissues to absorb leakage, compared to
saline counterparts (107-109). Higher rates of capsular
contracture are also observed in patients receiving radiation
therapy, a correlative utilized in support of the two-stage
reconstructive approach, which may provide opportunity
to negate the effects of contracture either in the expansion
phase or surgically during implant exchange, although data
refuting these expectations does also exist (110,111).

Non-operative avenues of managing capsular contracture
are less common and limited to medical therapies targeting
varying components of the inflammatory cascades. Typically
used as adjuvants in the management of asthma, oral
regimens with the leukotriene inhibitors zafirlukast and
montelukast have also been efficacious for improvement
and resolution of breast implant capsular contracture
symptoms when employed during early stages of symptom
development (112,113). Targeting the cyclooxygenase-2
enzyme has provided similar benefit in patients with Baker
II-III capsular contracture by way of diclofenac dermal
patches (114). Systemic effects, drug-drug interactions,
and patient comorbidities, in particular hepatocellular and
renal function for the aforementioned medications, may
create further barriers when assessing suitability of medical
management for patients concomitantly undergoing
oncological therapies.
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Capsulectomy and implant exchange remain the
mainstay surgical options for management of breast implant
capsular contracture. Separation and removal of the capsule
during total capsulectomy has long been justified as the
most complete approach for eliminating the root cause of
patient symptoms and the underlying immune response.
Creation of a neopocket can also be a useful technique
during operative management of capsular contracture. In
prepectoral cases with recurrent contracture, consideration
should be given to a submuscular or dual-plane alteration.
ADM has also been associated with lower capsular
contracture rates (115,116) and is a useful adjunctive tool in
recurrent capsular contracture cases when combined with
capsulectomy, with or without plane change. Patients should
be aware of the high risk of recurrent capsular contracture
after revision in implant-based breast reconstruction (117).

Malposition
Implant malposition may occur both early and late in the
postoperative course, and can manifest as lateral, medial,
superior, and/or inferior displacement (118-120). When
anatomic/shaped implants are used, rotational malposition
can also occur (121). Risk factors for malposition include
those related to patient anatomy, surgical technique, and
implant selection (119). Patient chest wall contour is an
important consideration. Pectus excavatum can predispose
to medial implant displacement, while pectus carinatum
may contribute to the development of lateral displacement
(119,122). Inferior malposition may result from inadequate
soft tissue support (30). Soft tissue quality should be closely
assessed preoperatively, especially in those with a history of
weight loss, pregnancy, or soft tissue atrophy (119).
Improper dissection of the implant pocket is often
implicated in malposition. Overdissection in a particular
dimension can lead to malposition in that same direction.
Lateral overdissection is the most common and can cause
lateral displacement whereas medial overdissection results
in symmastia (122,123). Violation of the inframammary fold
(IMF) is often responsible for inferior malposition (119).
Management strategies of malposition fall into three
categories: (I) revision of the existing implant pocket,
(II) creation of a new implant pocket and (III) change
of implant. Implant pocket revision principally involves
capsulorraphy and/or capsulotomy. ADM reinforcement of
capsulorraphy may be indicated when the capsule appears
thin/weak or in cases of recurrent malposition (124). In
cases of symmastia, medial capsulorraphy is typically
quite weak, and it is therefore advised to use ADM to
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buttress the repair (120). In cases of superior malposition,
pocket revision may necessitate the surgeon to address a
constricted lower pole, which may be secondary to complete
muscular coverage or tightly sewn ADM. Any inferior pole
capsulotomies should be reinforced with ADM or other
support materials to prevent excessive downward implant
migration (120).

Conversion from a prepectoral to subpectoral plane
may prove beneficial in treating more challenging cases of
symmastia. A neosubpectoral pocket can also be created in
patients with a history of subpectoral implant placement.
The neosubpectoral pocket is created deep to the pectoralis
muscle and superficial to the intact anterior capsule. It
is often considered technically easier than modifying a
distorted implant pocket in revision breast surgery and also
allows for precise dissection in a virgin plane to facilitate
appropriate implant placement (125).

Contour deformities & rippling

Contour deformities in breast reconstruction can occur
over the entire surface of the reconstruction, but are
most common at the upper pole. The “stepoff” contour
deformity is seen at the transition of the superior implant
edge to the chest wall and is exaggerated with round
implants, prepectoral positioning and in patients with low
BMLI. Patients at a higher risk for step-off deformity should
be counseled on the aesthetic implications beforehand as
well as the potential treatments. Autologous fat grafting is
an excellent and well-tolerated reconstructive technique in
implant-based breast reconstruction and can be utilized to
treat this stepoff deformity at the time of implant exchange
or at a later revision (Figure 64,6B) (126,127). Care must
be taken to avoid damage to the implant, especially in low
BMI patients with prepectoral implants, as this technique
can challenging if there is a thin mastectomy flap as a
recipient bed. Overfilling should be avoided and multiple
rounds of fat grafting may be needed. Plane change from a
prepectoral to dual-plane position can also soften the upper
pole stepoff, though this is less commonly needed due to
the utility of autologous fat grafting.

Implant rippling is also more commonly seen in the
prepectoral plane, especially with lower BMI patients
who lack a robust subcutaneous soft tissue envelope after
mastectomy. Implant exchange to highly cohesive form-
stable implants is a useful technique due to the ability of these
implants to resist deformation (128). Autologous fat grafting
is also a powerful adjunctive tool to increase soft tissue
thickness and camouflage contour deformities and rippling
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Figure 6 Autologous fat grafting is a useful adjunctive tool to address contour deformities. Prepectoral implant-based breast reconstruction

in a low body mass index patient (A) before and (B) after autologous fat grafting to improve upper pole fullness.

(129,130). Additional techniques include pocket modification
to address a discrepancy between pocket and implant size and
plane change to a subpectoral pocket to improve soft tissue
coverage, when appropriate. ADM can also be utilized to
bolster coverage at the time of revision (131).

Animation deformity

Animation deformity, also known as “dynamic breast
deformity” or “jumping breast deformity”, is a recognized
complication of subpectoral implant-based breast
reconstruction with incidence reported as high as 76%
following reconstruction (132,133). A subpectoral implant
receiving posterior pressure from pectoralis contraction
can displace, often in a superolateral direction provided by
the dissection plane. The subsequent animation deformity
may be cosmetically dissatisfying while also causing
musculoskeletal discomfort along the pectoralis major
and shoulder (134,135). The majority of grading systems
utilize survey and rater-based assessments, whereas a more
recent approach proposed by Fracol ez 4l. is the first to
quantify animation severity based on the degree of nipple
displacement (132,133,136,137).

Stratifying risk of postoperative animation deformity,
if a subpectoral reconstruction is planned, requires
understanding individual patient lifestyles so that those
with more at-risk hobbies, such as athletes or patients
who engage in weight-training or yoga, may pursue
reconstructive options with informed decision making.
For patients with animation deformity, subpectoral to
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prepectoral conversion of the implant provides definitive
treatment by eliminating distortive forces from the
pectoralis muscle. Partial submuscular or dual-plane implant
placement are still associated with deformity occurrence
and so are not recommended over prepectoral conversion
for treatment of the complication (132,133). Attempts at
less invasive approaches such as fat grafting, botulinum
toxin injection and nerve ablation have been reported;
however, symptom relief is often temporary, inadequate,
or associated with functional morbidity (138,139). The
literature is consistent in demonstrating complete resolution
of animation deformity symptoms as well as full recovery
of pectoralis function following prepectoral conversion and
resuspension of the deep muscle surface to the anterior
thoracic wall (140-144).

Implant rupture

The clinical presentation, risk factors, and management of
implant rupture vary by implant type. Saline implant rupture
is easy to detect by clinical exam alone due to an acute
decrease in breast volume (145). Deflation in the immediate
postoperative course typically indicates iatrogenic etiology,
such as intraoperative puncture of the implant wall, or an
improperly closed valve. Delayed presentation of saline
implant deflation may represent a valve defect, external
physical trauma, or simply the development of implant wall
defects over time. Pinhole defects in the implant can occur
secondary to mechanical friction and wear of implant shell
folding. Underinflation of implants has been identified as a
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major cause of deflation due to a greater tendency for shell
folding to occur (146,147). Once saline implant deflation is
detected, earlier replacement is often preferable to preserve
the size of the original implant pocket.

Comparatively, silicone implant rupture is more difficult
to detect and typically not apparent on physical exam. In
the majority of cases, rupture is intracapsular (silicone gel
is contained within the breast capsule) but may also be
extracapsular (silicone gel extends beyond the capsule) or
involve migrated gel (gel moves beyond the breast) (148).
Extracapsular silicone may cause local tissue inflammation
and granuloma formation that is sometimes palpable on
physical examination (149). Silicone implant rupture is
often “silent” and detected on routine mammography or
ultrasound. Currently the US Food and Drug Administration
(FDA) recommends ultrasound or magnetic resonance
imaging (MRI) for asymptomatic patients at 5-6 years
postoperatively, then every 2-3 years thereafter. MRI is
recommended at any time postoperatively for symptomatic
patients or those with equivocal ultrasound findings (148).
MRI is more sensitive and specific (sensitivity 83 %, specificity
98%) than ultrasound (sensitivity 69%, specificity 73 %)
(150,151). It is recommended that ruptured silicone
implants be removed to prevent the possibility of silicone gel
causing inflammation and other local and systemic reactions
(152-155). Capsulectomy is typically performed with device
removal to order to adequately remove silicone gel from the
breast pocket.

BIA-ALCL
BIA-ALCL is a rare T-cell lymphoma developing from
an immune mediated response against breast implant
surfaces. Disease incidence is low and studies are underway
to better delineate pathogenesis, which may be linked
to predisposition to overactivation of JAK1 and STAT3
signaling pathways, allowing for oncogenic transformation
of immune cells in a chronic inflammatory state (156,157).
The timeline for BIA-ALCL development is insidious and
clinical presentation is typically 7-10 years after implant
placement. Patients most commonly report unilateral breast
swelling, secondary to peri-prosthetic fluid collection or,
less commonly, a peri-prosthetic mass, in the absence of
systemic symptoms concerning for infectious etiologies (158).
Aspiration or guided biopsy and cytological and
immunobiological analysis of the late-onset seroma
demonstrating anaplastic monoclonal CD30" T-cell
morphology is diagnostic for BIA-ALCL (159).

Occurrence of BIA-ALCL has been reported primarily
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in the setting of textured implants at rates consistently
below 1%, with reports of smooth implant association very
infrequent in patients having previously undergone implant
exchange following a textured device (160). In 2021, FDA
issued a box warning and informed consent checklists for
all breast implant devices (148). However, a much stronger
association between textured implants and BIA-ALCL is
observed, which remains the sole modifiable risk factor for
disease occurrence (106,161,162). Whereas the now recalled
Allergan BIOCELL has the highest involvement in disease
incidence, the independent association with textured devices
is consistent regardless of manufacturer (162).

Surgical management is recommended for localized BIA-
ALCL, with patients undergoing implant removal and en
bloc capsulectomy with resection of any residual mass. No
adjuvant chemo or radiation therapy is indicated at this stage,
as prognosis is good with 91% survival at 5 years (163).
Disseminated disease is much less common, and consensus
guidelines recommend approaching Stage II and more
advanced cases by way of non-operative oncological
management identical to patients presenting with de novo
systemic anaplastic lymphoma (159).

Breast implant illness (BII)
BII, also referred to as “silicone adjuvant syndrome” or
“autoimmune syndrome induced by adjuvants (ASIA
syndrome)” describes a prodrome of symptoms following
breast implant placement ranging from cognitive fog,
fatigue, malaise, arthralgias, myositis and alopecia to a
clinical picture more closely overlapping with rheumatoid
arthritis, Sjogren syndrome or scleroderma. Currently, little
has been established in terms of diagnostic criteria. The
timeline of symptom onset relative to implant placement
may span 2-13 years. Characteristic findings on imaging
modalities are absent, and aberrant serologies are numerous
and inconsistent between analyzed patient populations (164).
The currently amorphous standing of BII has resulted in
little observational data available to reliably determine
incidence rates in patients receiving breast implants,
whether for augmentative or reconstructive indications.
Silicone containing implants have long been speculated
as the primary factor responsible for pathogenesis; however,
multiple barriers exist in assessing this theory by means of
the current literature. The vast majority of studies lack a
saline implant control group for accurate comparison, instead
opting to compare prevalence of autoimmune symptoms and
diagnoses against national norms (165-167). Coroneos et al.
produced one of the largest observational data sets, with
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opposing findings at 5-year interim analysis and 7-year final
follow up, the latter concluding a significant association
between autoimmune illness and silicone implants.
Further assessment of the pooled data yields substantial
heterogeneity, for example, given no standardization for
outcome reporting measures (167,168). Still, a higher
prevalence of autoimmune disease is observed after large
and more controlled investigations, indicating that an
association between implants in general or silicone implants
in particular cannot be refuted (169,170).

Systematic review of outcomes following breast implant
explantation demonstrates a wide 17-84% margin for
symptom improvement without a commonality to identify
the subset of patients most likely to benefit from surgery.
Certain studies have observed greater symptom resolution
amongst patients without diagnosis of autoimmune disease,
perhaps supporting a psychosomatic etiology, as well as
recurrence of symptoms 1 year following explantation
(164,171). Nonetheless the decision to pursue explantation
belongs entirely to the patient. Given the obscurity
surrounding BII etiology, plastic surgeons may pursue
surgical management by empirically removing all implant-
related tissues via en bloc explantation or explantation with
total capsulectomy. Symptom correlation with implant
capsules, and moreover symptom relief with capsulectomy,
has not been demonstrated (172). Depending on further
discussion with patients, volume restoration can be achieved
by autologous fat grafting or free tissue transfer, either
immediately or as a staged approach (167,172).

Conclusions

Consideration of patient comorbidities and modifiable risk
factors, individualized decision-making, and intraoperative
flexibility with surgical techniques are critical tenets in
limiting complications following implant-based breast
reconstruction. Certain complications, however, will
be unavoidable and the focus therefore must include
preoperative informed and shared decision-making as well as
postoperative early and aggressive treatment. The literature
demonstrates an abundance of both reproducible and
anecdotal therapeutic options, ranging from pharmacological
to operative, for many of the short and long-term
complications after implant-based breast reconstruction.
This updated review provides evidence-supported
management options, of which familiarity is needed to
adequately guide patient education and decision-making
throughout the reconstructive timeline.
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