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Breast Reconstruction After Mastectomy  

Structured Abstract 
Objectives. This systematic review evaluates breast reconstruction options for women after 
mastectomy for breast cancer (or breast cancer prophylaxis). We addressed six Key Questions 
(KQs): (1) implant-based reconstruction (IBR) versus autologous reconstruction (AR), (2) timing 
of IBR and AR in relation to chemotherapy and radiation therapy, (3) comparisons of implant 
materials, (4) comparisons of anatomic planes for IBR, (5) use versus nonuse of human acellular 
dermal matrices (ADMs) during IBR, and (6) comparisons of AR flap types. 
 
Data Sources and Review Methods. We searched Medline, Embase, Cochrane CENTRAL, 
CINAHL, and ClinicalTrials.gov from inception to February 14, 2020 to identify comparative 
and single group studies. We extracted study data into the Systematic Review Data Repository 
Plus (SRDR+). We assessed the risk of bias and evaluated the strength of evidence (SoE) using 
standard methods. The PROSPERO protocol registration number is CRD42020193183. 
 
Results. We found four randomized controlled trials, 66 nonrandomized comparative studies, 
and 59 single group studies. Risk of bias was moderate to high for most studies. KQ 1: 
Compared with IBR, AR is probably associated with clinically better patient satisfaction with 
breast aesthetics (Moderate SoE) and sexual well-being (Moderate SoE) but comparable 
psychosocial well-being (Moderate SoE). Compared with IBR, AR may be associated with 
greater satisfaction with surgical outcome (Low SoE) but comparable general quality of life 
(Low SoE). AR probably poses a greater risk of pulmonary embolism (Moderate SoE) and 
abdominal flaps may lead to worse abdominal pain than IBR (Low SoE), but IBR may pose a 
greater risk of breast seroma than AR (Low SoE). KQ 2: Whether IBR is conducted before or 
after radiation therapy may result in comparable risks of implant failure/loss or need for explant 
surgery (Low SoE); there is insufficient evidence addressing patient-reported clinical outcomes. 
We found no evidence addressing timing of IBR or AR in relation to chemotherapy or timing of 
AR in relation to radiation therapy. KQ 3: Silicone and saline implants may result in clinically 
comparable patient satisfaction with breast aesthetics (Low SoE). There is insufficient evidence 
regarding double lumen implants. KQ 4: There is insufficient evidence addressing the 
comparison between prepectoral and total submuscular placement of implants and no evidence 
addressing partial submuscular placement. KQ 5: The evidence is inconsistent regarding whether 
human ADM use during IBR impacts physical well-being, psychosocial well-being, or 
satisfaction with breast aesthetics. However, ADM use probably increases the risk of implant 
failure/loss or need for explant surgery (Moderate SoE) and may increase the risk of infections 
not explicitly implant-related (Low SoE). Whether ADM is used or not is probably associated 
with comparable risks of unplanned repeat surgeries for revision  and seroma (Moderate SoE for 
both) and maybe necrosis (Low SoE). KQ 6: Although AR with transverse rectus abdominis 
(TRAM) and deep inferior epigastric perforator (DIEP) flaps may result in comparable patient 
satisfaction with breast aesthetics (Low SoE), TRAM flaps probably increase the risk of harms to 
the area of flap harvest (Moderate SoE). AR with DIEP and latissimus dorsi (LD) flaps may 
result in comparable patient satisfaction with breast aesthetics (Low SoE), but we found no 
evidence regarding surgical complications. 
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Conclusion. Evidence regarding surgical breast reconstruction options is largely insufficient or 
of low SoE, with few moderate SoE conclusions possible. New high-quality research is needed, 
especially for timing of IBR and AR in relation to chemotherapy and radiation therapy, for 
comparisons of implant materials, and for comparisons of anatomic planes of implant placement. 
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Evidence Summary 

Main Points 
• Implant-based Reconstruction (IBR) Versus Autologous Reconstruction (AR)  

o Compared with IBR, AR is probably associated with clinically better sexual well-being and 
patient satisfaction with breast aesthetics (Moderate strength of evidence [SoE], both 
outcomes) and maybe surgical outcome (Low SoE), but comparable general quality of life 
(Low SoE) and psychosocial well-being (Moderate SoE).  

o Compared with IBR, AR probably poses a greater risk of pulmonary embolism (Moderate 
SoE), but comparable risk of unplanned repeat hospitalization (Moderate SoE). AR may lead 
to worse chronic abdominal pain (Low SoE), but comparable chronic breast pain (Low SoE). 

o Compared with AR, IBR may pose a greater risk of breast seroma (Low SoE). 
• Timing of IBR and AR in Relation to Chemotherapy and Radiation Therapy 

o We found no evidence comparing timing of IBR or AR before or after chemotherapy or 
timing of AR before or after radiation therapy.  

o Whether IBR is conducted before or after radiation therapy may result in comparable risk of 
implant failure/loss or need for explant surgery (Low SoE). There is insufficient evidence 
addressing patient-reported clinical outcomes.  

• Comparisons of Implant Materials for IBR 
o Silicone and saline implants may result in clinically comparable patient satisfaction with 

breast aesthetics (Low SoE).  
o There is insufficient evidence to make conclusions about surgical complications when 

comparing silicone and saline implants. 
o There is insufficient evidence regarding double lumen implants. 

• Comparisons of Anatomic Planes of Implant Placement During IBR 
o There is insufficient evidence for clinical outcomes and surgical complications comparing 

prepectoral and total submuscular planes.  
o We did not find eligible studies addressing partial submuscular placement. 

• Use Versus Nonuse of Acellular Dermal Matrices (ADMs) During IBR 
o The evidence is inconsistent regarding whether human ADM use during IBR impacts patient 

physical well-being, psychosocial well-being, or satisfaction with breast aesthetics.  
o ADM use probably increases the risk of implant failure/loss or need for explant surgery 

(Moderate SoE) and may increase the risk of infections not explicitly related to the implants 
or ADM (Low SoE). The odds of unplanned repeat surgeries for revision and seroma 
probably are comparable with or without ADM use (Moderate SoE); the odds of necrosis 
may be comparable (Low SoE).  

• Comparisons of Flap Types for AR 
o Although AR with transverse rectus abdominis (TRAM) and deep inferior epigastric 

perforator (DIEP) flaps may result in comparable patient satisfaction with breast aesthetics 
(Low SoE), TRAM flaps probably increase the risk of harms to the area of flap harvest 
(Moderate SoE).  

o AR with DIEP and latissimus dorsi (LD) flaps may result in comparable patient satisfaction 
with breast aesthetics (Low SoE), but we found no evidence comparing risk of surgical 
complications. 

o There is insufficient evidence regarding other flap types. 
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Background and Purpose 
Breast cancer is the most common new cancer diagnosis among women in the U.S. and the 

second most common cause of cancer death. For women who choose breast reconstruction surgery 
(more than 40% of women in the U.S. who undergo mastectomy), various decisions must be made 
related to the timing and type of reconstruction. Based on the type of procedure and composition of 
the newly reconstructed breast, reconstruction is categorized into IBR and AR. Implants are 
prosthetic devices that replace the surgically removed breast tissue. With AR, breast reconstruction 
is done with the patient’s own tissue, thereby obviating the need for implants (except for LD flaps, 
which usually require an implant). 

This systematic review (SR) aims to inform plastic surgeons, breast surgical oncologists, medical 
oncologists, radiation oncologists, other care providers, patients, policymakers, and developers of 
clinical guidance about surgical breast reconstruction options after mastectomy for breast cancer (or 
breast cancer prophylaxis). The SR addresses six Key Questions (KQs): (1) IBR vs. AR, (2) timing 
of IBR and AR in relation to chemotherapy and radiation therapy, (3) comparisons of implant 
materials for IBR, (4) comparisons of anatomic planes of implant placement for IBR, (5) use versus 
nonuse of human ADMs during IBR, and (6) comparisons of flap types for AR. 

Methods 
We used methods consistent with those outlined in the AHRQ EPC Program Methods Guidance 

(https://effectivehealthcare.ahrq.gov/topics/cer-methods-guide/overview). Our searches targeted 
comparative studies and single group studies (i.e., studies without a comparison group) from 
database inception to February 14, 2020. We extracted study data into the Systematic Review Data 
Repository Plus (SRDR+). Our conclusions are based solely on the comparative studies. Single 
group studies provided additional information about surgical complications. Where there was 
sufficient evidence with an acceptable amount of heterogeneity, we conducted pairwise meta-
analyses. In the Results section of this Evidence Summary, we provide numeric estimates of 
summary treatment effects only where meta-analyses were feasible for prioritized outcomes. We 
assessed the risk of bias and evaluated the SoE using standard methods. The PROSPERO protocol 
registration number is CRD42020193183. This Evidence Summary incorporates SoE ratings into the 
Main Points through qualifiers to communicate SoE of conclusions: “probably” for Moderate SoE 
and “may” for Low SoE.  

Results 
We found 129 primary studies comprising 459,228 patients in total. These included four 

randomized controlled trials (RCTs) comprising 230 patients, 66 nonrandomized comparative 
studies (NRCSs; i.e., observational studies that compared two or more interventions) comprising 
196,616 patients, and 59 single group studies comprising 262,382 patients. 

IBR vs. AR: Compared with IBR, AR may be associated with clinically significant better patient 
satisfaction with breast aesthetics (Moderate SoE) and sexual well-being (Moderate SoE) but 
comparable psychosocial well-being (Moderate SoE). Compared with IBR, AR may be associated 
with greater satisfaction with surgical outcome (Low SoE) but comparable general quality of life 
(Low SoE). Compared with IBR, AR may be associated with greater risk of pulmonary embolism 
(Moderate SoE) and clinically greater chronic abdominal pain (Low SoE), but comparable chronic 
breast pain (Low SoE) and risk of unplanned repeat hospitalizations (Moderate SoE). On the other 
hand, IBR may be associated with greater risk of seroma than AR (Low SoE). Results were 
inconsistent regarding whether the choice of IBR versus AR impacts physical well-being or risks of 

https://effectivehealthcare.ahrq.gov/topics/cer-methods-guide/overview
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reconstructive failure, infections that are not explicitly implant-related, or unplanned surgeries for 
revision or for complications. 

Timing of IBR and AR in relation to chemotherapy and radiation therapy: We did not find any 
studies comparing timing of IBR or AR before or after chemotherapy. Although there is insufficient 
evidence addressing patient-reported clinical outcomes, we found that IBR may result in comparable 
risk of implant failure/loss or need for explant surgery whether conducted before or after radiation 
therapy (summary adjusted odds ratio [adjOR] 0.87, 95% confidence interval [CI] 0.65 to 1.17; 4 
studies) (Low SoE). We found no evidence addressing timing of AR in relation to radiation therapy. 

Comparisons of implant materials for IBR: Silicone and saline implants may result in clinically 
comparable assessments of satisfaction with breast aesthetics (Low SoE). We found insufficient 
evidence addressing surgical complications when comparing silicone and saline implants. We found 
insufficient evidence addressing double lumen implants. 

Comparisons of anatomic planes of implant placement for IBR: We found insufficient evidence 
for various clinical outcomes and surgical complications when comparing prepectoral and total 
submuscular placements. We did not find any studies addressing partial submuscular placement. 

Use versus nonuse of human ADMs during IBR: The results are inconsistent regarding whether 
ADM use impacts physical well-being, psychosocial well-being, satisfaction with breast aesthetics, 
pain, or risks of wound dehiscence or capsular contracture. ADM use probably increases the risk of 
implant failure/loss or need for explant surgery (summary adjOR 1.28, 95% CI 0.97 to 1.70; 6 
studies) (Moderate SoE) and may increase the risk of infections not explicitly related to the implants 
or ADM (summary adjOR 1.56, 95% CI 0.96 to 2.53; 7 studies) (Low SoE). However, ADM use 
and nonuse groups probably experience comparable risks of seroma (summary adjOR 1.52, 95% CI 
0.62 to 3.71; 4 studies) (Moderate SoE) and unplanned repeat surgeries for revision (Moderate SoE). 
ADM use and nonuse groups may experience comparable risks of necrosis (summary adjOR 0.89, 
95% CI 0.63 to 1.25; 4 studies) (Low SoE). 

Comparisons of flap types for AR: TRAM vs. DIEP flaps: These may result in clinically 
comparable patient satisfaction with breast aesthetics (Low SoE) and risk of necrosis (Low SoE), but 
TRAM probably poses greater risk of harms to the area of flap harvest (abdominal bulge/hernia and 
need for abdominal hernia surgery) (Moderate SoE). DIEP vs. LD flaps: These may result in 
clinically comparable patient satisfaction with breast aesthetics (Low SoE), but no studies addressed 
surgical complications. (Note that AR with LD flaps often also requires an implant during the 
reconstruction [i.e., a “hybrid” reconstruction], while AR with DIEP flaps usually does not.) Other 
Flaps: We found insufficient evidence addressing lateral thoracodorsal (LTD), superficial inferior 
epigastric artery (SIEA), and thoracodorsal artery perforator (TAP) flaps. 

Limitations 
Although we found a large body of evidence, it included many single group studies and 

relatively few studies reported the same outcomes pertaining to similar comparisons. Thus, evidence 
regarding surgical breast reconstruction options is largely insufficient or of low SoE, with few 
moderate SoE conclusions possible. NRCSs often did not report adjusted effect sizes or omitted 
confidence intervals and P values. When subgroup data were reported, statistical analyses evaluating 
heterogeneity of treatment effects were not reported. The included studies were mostly at moderate 
to high risk of bias. Several prioritized outcomes, including general quality of life and risk of 
animation deformity, were infrequently reported. 
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Implications and Conclusions 
Our analysis of all surgical choices examined as KQs in this review finds no clear winners. We 

encourage clinicians to inform patients about the limitations of existing research and to help patients 
make decisions regarding options for breast reconstruction based on their values and preferences, 
together with the clinician’s expertise and experience. Research is needed to address various 
questions related to breast reconstruction, particularly the timing of IBR and AR in relation to 
chemotherapy and radiation therapy, and the choices of implant materials, anatomic planes for IBR, 
and flaps used for AR. Future studies should either randomize patients or adequately account for 
important confounders and evaluate key outcomes, especially those in the existing core outcome set 
for breast reconstruction. 
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Table A. Summary of evidence identified in this systematic review (KQ 2 data only refers to IBR before vs. after radiation [KQ 2b])  
Category Outcomes KQ 1 KQ 2 KQ 3 KQ 4 KQ 5 KQ 6 
Clinical  General quality of life ~  nd ? nd nd nd 
. Physical well-being ↑↓  ? ? ? ↑↓ ? 
. Psychosocial well-being ~~ ? ? ? ↑↓ ? 
. Sexual well-being ▲▲ AR clinically better ? ? nd ? ? 
. Patient satisfaction with aesthetics ▲▲ AR clinically better ? ~ ? ↑↓ ~ 
. Patient satisfaction with outcome ▲ AR clinically better ? ? nd nd ? 
. Planned surgeries for reconstruction N/P N/P nd nd nd nd 
. Duration of initial hospitalization  . . . . . ? 
. Mortality ? nd ? nd ? ? 
Complications Unplanned repeat hospitalization ~~ nd nd nd nd nd 
. Duration of unplanned repeat hospitalization nd nd nd nd nd nd 
. Unplanned repeat surgery for revision ↑↓ ? nd nd ~~ ? 
. Unplanned repeat surgery for complications ↑↓ nd nd nd ? nd 
. Pain ◆ Chronic abdominal pain with 

AR, but comparable chronic 
breast pain 

nd nd ? ↑↓ ? 

. Analgesic use nd nd nd nd ? nd 

. Necrosis ? ? nd ? ~ nd 
. Harms to area of flap harvest . . . . . ◆◆ Increased abdominal bulge/hernia, hernia 

repair surgery with TRAM than DIEP 
. Animation deformity  nd nd nd nd nd . 
. Implant-related infections . nd nd nd nd . 
. Implant rupture . nd nd nd ? . 
. Implant deflation . nd nd nd nd . 
. Implant malposition . nd nd nd ? . 
. Implant failure/loss or needing explant  . ~ ? ? ◆◆ with ADM . 
. Capsular contracture . N/P ? ? ↑↓ . 
. New neoplasms . . nd nd nd . 
. Complications delaying other cancer treatments nd nd nd nd nd nd 
. Thromboembolic events ◆◆ PE with AR nd nd nd ? nd 
. Infections not explicitly implant-related ↑↓ N/P . ? ◆ with ADM ? 
. Wound dehiscence N/P N/P N/P N/P ↑↓ ? 
. Delayed healing N/P N/P N/P N/P ? nd 
. Seroma ◆ with IBR ? nd ? ~~ nd 
. Chronic conditions N/P N/P nd nd N/P . 
. Reconstructive failure ↑↓ . . . . . 
Abbreviations: ADM = acellular dermal matrix, AR = autologous reconstruction, DIEP = deep inferior epigastric perforator, IBR = implant-based reconstruction, KQ = Key 
Question, LD = latissimus dorsi, N/P = not prioritized (for strength of evidence assessment), nd = no data (no evidence identified), PE = pulmonary embolism, SoE = strength of 
evidence, TRAM = transverse rectus abdominis myocutaneous.  

▲ = Low SoE of better clinical outcomes, ▲▲ = Moderate SoE of better clinical outcomes, ▲▲▲ = High SoE of better clinical outcomes (no instances in this table) 
◆ = Low SoE of increased complications, ◆◆ = Moderate SoE of increased complications, ◆◆◆ = High SoE of increased complications (no instances in this table) 
~ = Low SoE of comparable outcomes, ~~ = Moderate SoE of comparable outcomes, ~~~ = High SoE of comparable outcomes (no instances in this table) 
? = Insufficient strength of evidence, ↑↓ = inconsistent or conflicting results leading to insufficient evidence, . = not applicable (i.e., outcome not applicable to KQ) 
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Color legend: Insufficient strength of evidence, Low strength of evidence, Moderate strength of evidence, High strength of evidence (no instances in this table). The colors do not 
provide unique info compared with the text and symbols. 
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Introduction 
Background 

Breast cancer is the most common new cancer diagnosis among women in the United States 
(U.S.) and the second most common cause of cancer death.1 Approximately 268,600 new breast 
cancer diagnoses and 41,760 cancer-related deaths in the U.S. were estimated for 2019.2 Surgery 
is a standard component of the treatment strategy for most patients with breast cancer. Surgical 
options include mastectomy (where the entire breast is removed) and lumpectomy or segmental 
mastectomy (where a portion of the breast is removed). Lumpectomy is always followed by 
whole-breast radiation. The indications for post mastectomy radiation therapy (PMRT) include 
four or more positive axillary lymph nodes, axillary nodal involvement that persists after 
systemic therapy, and stage T3 breast tumors.3 The evidence to support PMRT in patients with 
one to three positive lymph nodes, younger age, tumor margins less than 1 mm, lymphovascular 
tumor invasion, and high nuclear grade or negative nodal disease is less clear. Mastectomy is 
chosen or recommended for approximately 50 percent of women in the U.S. with breast cancer.4 
Nonsurgical treatments that are used in conjunction with surgery include radiation therapy as 
well as chemotherapy and endocrine (hormonal) therapy with a range of pharmacologic agents.  

Breast reconstruction is commonly offered to women1 receiving mastectomy for breast 
cancer, and women are increasingly choosing to undergo breast reconstruction. As of 2016, more 
than 40 percent of women in the U.S. who underwent mastectomy for breast cancer had 
reconstruction.4 According to the American Society of Plastic Surgeons (ASPS)/Plastic Surgery 
Foundation, approximately 107,200 women in the U.S. underwent breast reconstruction in 2019.5 
Federal regulations require that health insurance policies that cover mastectomy also cover breast 
reconstruction.6 

For women who choose breast reconstruction surgery, two main considerations must be 
made: timing and type of reconstruction. Breast reconstruction can be initiated either at the time 
of mastectomy (immediate reconstruction) or at a later date (delayed reconstruction). Immediate 
reconstruction is the most common practice in the U.S., selected for approximately 75 percent of 
patients.5 Immediate reconstruction is believed to be associated with better aesthetic results, 
lower overall costs, and better patient psychological well-being than delayed reconstruction.7 
This is at least in part related to the fact that both mastectomy and reconstruction are done during 
the same surgery, thus reducing the number of surgeries and exposures to anesthesia. Although, 
immediate reconstruction has traditionally been thought to be associated with more postoperative 
complications than delayed reconstruction in the setting of PMRT, a recent systematic review 
suggested found that complication rates were comparable.8 Immediate reconstruction may 
impact the planning and delivery of radiation therapy in a negative fashion, particularly in regard 
to chest wall and/or nodal coverage, lung minimization, and heart avoidance of the radiation.9, 10 

Based on the type of procedure and composition of the newly reconstructed breast, 
reconstruction is categorized into implant-based reconstruction (IBR) and autologous 
reconstruction (AR). Most reconstruction procedures in the U.S. (81%) are implant-based. 
Implants are prosthetic devices that replace the surgically removed breast tissue or, in the case of 
breast augmentation, are intended increase the size of the intact breast. IBR can occur in either 
one or two stages. In planned single-stage implant placement, also known as direct-to-implant 
placement, IBR is accomplished through a single implantation procedure. In planned two-stage 
                                                 
1 In this Report, we use the term “women” to refer to phenotypic females, regardless of gender. 
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implant placement, a tissue expander is placed as a first procedure, followed by permanent 
implant placement at a later date. Direct-to-implant placements comprise 16 percent and tissue 
expander-based reconstructions 84 percent of IBR procedures.5 IBR can be further divided based 
on the physical design of the implant (silicone, saline, or double lumen, e.g., may contain both 
silicone and saline11), the anatomic plane in which the device is placed (prepectoral, partial 
submuscular, or total submuscular), and whether or not an adjunctive human acellular dermal 
matrix (ADM) is incorporated into the reconstruction. Regardless of these factors, IBR poses 
potential risks, such as infection, rupture, deflation, and malposition.12 

Approximately 95 percent of implants for breast reconstruction used in the U.S. are silicone-
filled because of the generally believed more natural feel and appearance and greater patient 
satisfaction than with saline implants.5, 13 A 2015 systematic review concluded that the evidence 
remained inconclusive about any association between silicone implants and long-term cancer or 
rheumatologic health outcomes.14 However, there have been continued reports of systemic 
symptoms, such as joint pains, muscle aches, and chronic fatigue. Additionally, breast implant-
associated anaplastic large cell lymphoma (BIA-ALCL), an extremely rare type of non-
Hodgkin’s lymphoma, may occur with breast implants, especially with textured implants 
(regardless of fill type). These risks of systemic symptoms and BIA-ALCL led the U.S. Food and 
Drug Administration (FDA) to request a recall of one manufacturer’s textured implant and tissue 
expander in 201915 and to recommend a boxed warning for all breast implants in 2020.16 

The anatomic plane in which the implant is placed during breast reconstruction can have 
implications on complications, aesthetics, and cost. The most common anatomic plane has 
traditionally been total submuscular placement, where the implant is placed beneath the 
pectoralis major muscle. It provides vascularized soft tissue coverage of the implant. However, 
total submuscular placement also has challenges, such as limits to the possible size of the breast 
reconstruction and incidence of “animation deformity” (i.e., distortion of the reconstructed breast 
during contraction of the pectoralis major muscle). Animation deformity is experienced by as 
many as 80 percent of patients who receive total submuscular placement of the implant.17 To 
overcome these challenges, another option is partial submuscular placement with ADM use 
(which creates a musculofascial pocket to leave the rib cage covered by a portion of the 
muscle18), in which case the impact of animation deformity on the range of motion is lower, or 
prepectoral placement with ADM (in front of, or superficial to, the pectoralis muscle), in which 
case there is no risk of animation deformity. Prepectoral placement also obviates the need for 
pectoralis muscle dissection and may cause less pain.19 However, the prepectoral technique 
currently used is relatively novel, and evidence regarding comparative effectiveness, aesthetics, 
and harms of the various anatomic planes of implant placement is lacking.  

ADMs, which can be derived from human (allografts), animal (xenografts), or synthetic 
sources, represent a heterogeneous group of biologic scaffolds that are used in reconstructive 
surgery to hold the implant in place. ADMs allow for repopulation, revascularization, and 
integration of the host’s cells into the implanted tissue.20 The use of ADMs may reduce the 
incidence of capsular contracture and may improve the aesthetic definition of the inframammary 
fold (where the lower breast meets the chest wall) and medial (i.e., midline) border of the breast. 
However, ADMs may lead to more postoperative complications, such as infection and seroma.21-

24 
With AR, breast reconstruction is done with the patient’s own tissue, thereby generally 

obviating the need for implants. In 2018, AR represented approximately 19 percent of breast 
reconstruction procedures performed in the U.S.5 AR is generally described by the anatomic 
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region from which the tissue flap is sourced. These include deep inferior epigastric perforator 
(DIEP; 52% of ARs), latissimus dorsi (LD; 22%), transverse rectus abdominis myocutaneous 
(TRAM; 21%), and others (5%).5 DIEP flaps use fat and skin from the patient's abdomen. LD 
flaps use muscle, fat, and/or skin from the patient’s back and are often accompanied by implant 
placement (“hybrid” reconstruction25). TRAM flaps include muscle, fat, and skin from the 
patient's abdomen. The options regarding source of the AR flap are limited by the patient’s body 
habitus, prior surgery, medical comorbidities, and preference. Different flap types vary in their 
type and frequency of complications. In contrast to IBR, AR can have several advantages, 
including: (1) AR is intended to be completed using a single, albeit multi-site, surgery (as 
opposed to most IBRs, which require two-stage implant placements) and (2) AR is life-long 
although some patients require small revision surgeries of the breast and/or the donor site 
(implants, even when single-stage, are recommended to be replaced every 10 years). However, 
AR requires a larger operation and may have more major complications, such as deep vein 
thrombosis, abdominal bulge or hernias, wound dehiscence, delayed healing, and scarring. The 
long-term sequelae of AR, such as patient-reported clinical outcomes, such as satisfaction, 
psychosocial well-being, and sexual well-being, as well as long-term harms, such as harms to the 
area of flap harvest, remain unclear.  

Purpose of the Review 
This systematic review assesses the surgical breast reconstruction options for women who are 

undergoing (or have undergone) mastectomy for breast cancer (or breast cancer prophylaxis). 
Specifically, the review addresses the (comparative) benefits and harms of:  

• IBR versus AR (Key Question [KQ] 1) 
• Timing of IBR and AR in relation to chemotherapy and radiation therapy (KQ 2) 
• Various options for IBR, including implant materials (KQ 3) implant placement planes 

(KQ 4), and use of human ADMs (KQ 5) 
• Various flap types for AR (KQ 6). 
 
The intended audience for this systematic review includes plastic surgeons, breast surgical 

oncologists, medical oncologists, radiation oncologists, other care providers for women 
undergoing mastectomy for breast cancer, guideline developers, healthcare policy makers, and 
patients. It is expected that the findings will inform clinical guidance for breast reconstruction 
after mastectomy. 
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Methods 
Review Approach 

For all Key Questions (KQs), the systematic review followed Evidence-based Practice Center 
(EPC) Program methodology, as laid out in its Methods Guide, particularly as it pertains to 
reviews of comparative effectiveness, diagnostic tests, and complex meta-analyses.26 As 
described below, the Contextual Questions were addressed using a nonsystematic approach. We 
registered the protocol for this systematic review in PROSPERO (registration number 
CRD42020193183). 

Key Questions 

KQ 1: For adult women who are undergoing (or have undergone) 
mastectomy for breast cancer, what are the comparative benefits and 
harms of implant-based (IBR) versus autologous (AR) breast 
reconstruction?  

KQ 2: For adult women undergoing IBR or AR after mastectomy for breast 
cancer that requires either chemotherapy or radiation therapy, what is the 
optimal time for IBR or AR with respect to (a) chemotherapy or (b) 
radiation therapy? 

KQ 3: For adult women undergoing IBR after mastectomy for breast 
cancer, what are the comparative benefits and harms of different types of 
implants (e.g., silicone, saline)?  

KQ 4: For adult women undergoing IBR after mastectomy for breast 
cancer, what are the comparative benefits and harms of different 
anatomic planes of implant placement (prepectoral, partial submuscular, 
and total submuscular)?  

KQ 5: For adult women undergoing IBR after mastectomy for breast 
cancer, what are the comparative benefits and harms of IBR with versus 
without the use of a human acellular dermal matrix (ADM) in the 
reconstruction procedure?  

KQ 6: For adult women undergoing AR after mastectomy for breast cancer, 
what are the comparative benefits and harms of different flap types for 
AR?  

https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=193183
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Contextual Questions 

Contextual Question 1: What patient preferences and values inform 
decisionmaking about breast reconstruction after mastectomy for breast 
cancer? This includes the initial choice to undergo reconstruction, as well 
as the type and timing of surgery.   

Contextual Question 2: What strategies or tools (including shared 
decisionmaking) are available to help women make informed choices about 
breast reconstruction after mastectomy for breast cancer? 

Analytic Framework and Criteria for Inclusion and Exclusion  
Based on discussions with Key Informants (KIs) and Technical Expert Panel (TEP) 

members, we developed three analytic frameworks for the six KQs. 

Figure 1. Analytic Framework for Key Question 1: Implant-based versus autologous breast 
reconstruction  

 
Abbreviations: AR = autologous reconstruction, IBR = implant-based reconstruction, KQ = Key Question. 
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Figure 2. Analytic Framework for Key Questions focusing on timing of reconstruction (Key 
Questions 2a and 2b) and use of implants (Key Questions 3, 4, and 5) 

 
Abbreviations: ADM = acellular dermal matrix, AR = autologous reconstruction, BIA-ALCL = breast implant-associated 
anaplastic large cell lymphoma, IBR = implant-based reconstruction, KQ = Key Question. 

Figure 3. Analytic Framework for Key Question 6: Comparisons of flap types for autologous 
reconstruction 

 
Abbreviations: AR = autologous reconstruction, DIEP = deep inferior epigastric perforator, GAP = gluteal artery perforator, KQ 
= Key Question, LD = latissimus dorsi, PAP = profundal artery perforator, SIEA = superficial inferior epigastric artery 
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perforator, TMG = transverse musculocutaneous gracilis, TRAM = transverse rectus abdominis myocutaneous, TUG = transverse 
upper gracilis. 

Study Selection 
The Methods Appendix provides full details on all search strategies, inclusion and exclusion 

criteria, and screening processes. Briefly, we searched for published studies for all KQs in 
Medline (via PubMed), Embase, the Cochrane Central Register of Clinical Trials, and CINAHL, 
and for unpublished studies in ClinicalTrials.gov from database inception through February 14, 
2020 [to be updated during public review]. We included controlled vocabulary terms, along with 
free-text words, related to breast, cancer, mastectomy, implants/implantation, and autologous 
reconstruction. We did not employ any date or language restrictions to the search, but included 
filters to remove nonhuman studies and articles not describing primary studies.  

Table 1 summarizes the eligibility criteria for all KQs (Appendix A provides detailed 
inclusion and exclusion criteria). For KQ 1 (IBR versus AR) and KQ 2 (IBR or AR before versus 
the same type of reconstruction after [a] chemotherapy or [b] radiation therapy), the population 
of interest was all women who had decided to undergo breast reconstruction after mastectomy. 
For KQs 3, 4, and 5, we were specifically interested in women undergoing IBR: KQ 3 compared 
different types of implant materials (of any kind), KQ 4 compared different anatomic planes of 
implant placement (of any kind), and KQ 5 compared use versus nonuse of human ADMs. For 
KQ 6, we were specifically interested in women undergoing AR; the comparisons of interest 
were different flap types (of any kind).  

For all KQs, we examined various clinical outcomes (such as psychosocial well-being, sexual 
well-being, and general quality of life) and surgical complications (such as necrosis, seroma, and 
reconstructive failure) at any time.  

We included randomized controlled trials (RCTs), nonrandomized comparative studies 
(NRCSs; prospective or retrospective cohort studies comparing two or more treatments), case-
control studies, and single group studies (prospective or retrospective, without a comparison 
group). 

 Table 1. Eligibility criteria for each Key Question 
Eligibility Criterion KQ 1 KQ 2 KQ 3 KQ 4 KQ 5 KQ 6 
Population       

Adult (≥18 years old) women who are undergoing (or have 
undergone) therapeutic or prophylactic mastectomy for breast 
cancer (or carcinoma in situ) and have decided to undergo  

      

Any breast reconstruction X X . . . . 
Implant-based breast reconstruction X X X X X  
Autologous breast reconstruction X X . . . X 

Interventions and Comparators       
Implant-based reconstruction (any) X X . . . . 
Implant-based reconstruction before or after chemotherapy  . X . . . . 
Implant-based reconstruction before or after radiation therapy . X . . . . 
Implant-based reconstruction with specific materials . . X . . . 
Implant-based reconstruction with specific anatomic placements . . . X . . 
Implant-based reconstruction with vs without acellular dermal 
matrices  

. . . . X . 

Autologous reconstruction (any) X X . . . X 
Autologous reconstruction before or after chemotherapy  . X . . . . 
Autologous reconstruction before or after radiation therapy . X . . . . 
Autologous reconstruction with specific flap types X X . . . X 

Outcomes       
Clinical outcomes       



 

8 

Eligibility Criterion KQ 1 KQ 2 KQ 3 KQ 4 KQ 5 KQ 6 
General quality of life X X X X X X 
Physical, psychosocial, or sexual well-being X X X X X X 
Patient satisfaction with aesthetics or with outcome X X X X X X 
Planned surgeries for reconstruction X X X X X X 
Recurrence of breast cancer X X X X X X 
Duration of initial hospitalization  . . . . . X 
Mortality X X X X X X 

Surgical complications       
Unplanned repeat hospitalization X X X X X X 
Duration of unplanned repeat hospitalization X X X X X X 
Unplanned repeat surgery for revision of reconstruction X X X X X X 
Unplanned repeat surgery for complications  X X X X X X 
Pain X X X X X X 
Analgesic use X X X X X X 
Necrosis X X X X X X 
Harms to area of flap harvest . . . . . X 
Animation deformity  X X X X X . 
Implant-related infection, rupture, deflation, or malposition . X X X X . 
Implant failure/loss or need for explant surgery . X X X X . 
Capsular contracture . X X X X . 
New neoplasms . . X X X . 
Complications that lead to delay in cancer-related treatment X X X X X X 
Thromboembolic events X X X X X X 
Infections X X . X X X 
Wound dehiscence X X X X X X 
Delayed healing X X X X X X 
Seroma X X X X X X 
Chronic conditions X X X X X . 
Touch sensitivity  X X X X X X 
Scarring X X X X X X 
Red breast syndrome . . X X X . 
Flap failure/loss . X . . . X 
Reconstructive failure X . . . . . 

Study Designs       
Randomized controlled trials, N≥10 patients per group X X X X X X 
Nonrandomized comparative studies, N≥30 patients per group, 
provided adjusted analyses 

X X X X X X 

Case-control studies, N≥100 patients per group X X X X X X 
Single group studies, N≥500 patients (for complications only) X X X X X X 
Prospective or retrospective X X X X X X 

Timing       
Any X X X X X X 

Setting        
Any, including single- and multi-center studies X X X X X X 

Abbreviations: KQ = Key Question.  

X = relevant to KQ, . = not relevant to KQ. 

Data Extraction and Data Management 
We extracted data from eligible studies into the Systematic Review Data Repository Plus 

(SRDR+) software (https://srdrplus.ahrq.gov). Each study was extracted and assessed for risk of 
bias/quality by one researcher, and entered data were confirmed by a second, independent 
researcher.  

https://srdrplus.ahrq.gov/
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Assessment of Risk of Bias in Individual Studies 
We evaluated each study for risk of bias and methodological quality. 
Because we included a variety of study designs, we incorporated items from three different 

existing commonly used tools and tailored the set of items for each study design. The three tools 
include the Cochrane Risk of Bias Tool,27 the Risk of Bias in Nonrandomized Studies (ROBINS-
I) Tool,28 and the National Heart, Lung, and Blood Institute (NHLBI) Quality Assessment 
Tool.29 

For RCTs, we used all the items from the Cochrane Risk of Bias Tool,27 which addresses 
issues related to randomization and allocation concealment methodology; blinding of patients, 
study personnel/care providers, objective outcome assessors, and subjective outcome assessors; 
completeness of outcome data; selective outcome reporting; and other issues that could be 
related to bias. We also used items from the NHLBI Tool focusing on the adequacy of 
descriptions of study eligibility criteria, interventions, and outcomes.29 

For NRCSs, we used the specific sections of the ROBINS-I Tool28 that pertain to 
confounding and selection bias. ROBINS-I requires the identification of specific confounders of 
interest for the systematic review. For the purpose of assessing the presence of potential 
confounding in studies, we considered age, body mass index, and stage of breast cancer as 
potential confounders for all KQs. In addition, we considered history of abdominal surgeries as a 
potential confounder for KQ 6. Because NRCSs, like RCTs, can be impacted by the lack of 
blinding and by participant loss to followup, we also used the items from the Cochrane Risk of 
Bias Tool27 that focus on issues related to blinding of patients, study personnel or care providers, 
objective outcome assessors, and subjective outcome assessors; incomplete outcome data; 
selective outcome reporting; and other issues that could be related to bias. We also used items 
from the NHLBI Tool that pertain to the adequacy of descriptions of study eligibility criteria, 
interventions, and outcomes.29 

No case-control studies were identified. 
For single group studies, we used items from the Cochrane Risk of Bias Tool27 that pertain to 

issues of participant loss to followup, specifically, incomplete outcome data, selective outcome 
reporting, and other issues that could relate to bias. We also used items from the NHLBI Tool 
focusing on the adequacy of descriptions of eligibility criteria, interventions, and outcomes.29 

Data Synthesis 
We summarized the evidence both qualitatively and, when feasible and appropriate, 

quantitatively. Each study included in the systematic review is described in summary and 
evidence tables presenting study design features, study participant characteristics, descriptions of 
interventions, outcome results, and risk of bias/methodological quality. Summary tables briefly 
describe the studies and their findings. 

For all KQs, we compared interventions with their comparators for their effects, 
preferentially with odds ratios for dichotomous outcomes (e.g., recurrence of breast cancer), net 
mean differences (between-intervention comparison of within-intervention changes) for 
continuous outcomes with both pre- and post-intervention data (e.g., pain or general quality of 
life scales), and mean differences (between interventions) in continuous outcome data evaluated 
only postintervention (e.g., patient satisfaction with aesthetics). Other effect sizes were included 
(e.g., hazard ratio) when the preferred effect sizes could not be elicited. For continuous 
outcomes, we used published estimates of minimal clinically important differences (MCIDs) as a 
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guide for interpreting whether differences between groups were clinically significant. Adjusted 
analyses were preferentially included over unadjusted (crude) comparisons. Unadjusted analyses 
from observational studies (NRCSs) were extracted, but are not included in our findings. 

Where there were at least three studies reporting results from sufficiently similar analyses, 
we conducted meta-analyses using random-effects models. In the Key Points for each KQ, we 
provide numeric estimates of summary treatment effects only where meta-analyses were feasible 
for prioritized outcomes. The data did not allow for network meta-analyses. 

Grading the Strength of Evidence for Major Comparisons and 
Outcomes  

We graded the strength of the body of evidence (SoE) as per the Agency for Healthcare 
Research and Quality (AHRQ) Methods Guide on assessing SoE.26, 30 We evaluated SoE for each 
major comparison or evaluation within each KQ.  

We assessed SoE for each outcome that was deemed to be important prior to compiling the 
evidence. We determined the relative importance of the outcomes with input from the Technical 
Expert Panel, which included experts in plastic surgery, medical oncology, radiation oncology, 
breast reconstructive device regulation, and clinical practice guideline development. Examples of 
prioritized clinical outcomes include:  

• General quality of life 
• Physical, psychosocial, and sexual well-being 
• Patient satisfaction with aesthetics (i.e., satisfaction with breast) 
• Mortality. 

Examples of prioritized surgical complications include: 
• Repeat hospitalization 
• Duration of repeat hospitalization  
• Unplanned repeat surgeries 
• Pain.  

For specific KQs, we also prioritized certain additional surgical complications, for example: 
• Animation deformity 
• Implant-related infections (KQ 3, types of implant for IBR) 
• Harms to area of flap harvest (KQ 6, flap types for AR). 

The prioritized outcomes are consistent with the outcomes in a “core outcome set” published 
in 2015 for research on breast reconstructive surgery.31 Core outcome sets are agreed minimum 
sets of outcomes that should be reported in research in a given topic area.32 

For each SoE assessment, we considered the number of studies, their study designs, the study 
limitations (i.e., risk of bias and overall methodological quality), the directness of the evidence to 
the KQs, the consistency of study results, the precision of any estimates of effect, the likelihood 
of reporting bias, other limitations, and the overall findings across studies. Based on these 
assessments, we assigned a SoE rating as being either high, moderate, low, or insufficient 
evidence to estimate an effect.  

Outcomes with highly imprecise estimates (with a 95% confidence interval that extends 
beyond both 0.50 and 2.0 for categorical outcomes), highly inconsistent findings across studies, 
or with data from only one study were deemed to have insufficient evidence to allow for a 
conclusion (with the exception that a particularly large and generalizable single study could 
provide at least low SoE). This approach is consistent with the concept that for imprecise 
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evidence “any estimate of effect is very uncertain,” the definition of Very Low quality evidence 
per GRADE.33 

We summarize the data sources, study characteristics, and each SoE dimensional rating in an 
Evidence Profile table. This table details our reasoning for arriving at the overall SoE rating.  

In accordance with AHRQ guidance for describing treatment effects,34, 35 we have 
incorporated qualifiers regarding SoE when communicating conclusions (e.g., in Key Points) as 
follows: “probably” for conclusion statements with Moderate SoE and “may” for conclusion 
statements with Low SoE. 
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Results 
Description of Included Evidence 

Detailed findings, including tables for study designs, arms, and sample characteristics; risk of 
bias; and all outcomes are in the Results Appendix. We call attention to specific Appendix Table 
numbers in the relevant subsections.  

Literature Search Results  
The electronic literature search, combined with a hand search of existing systematic reviews, 

yielded 14,789 unique citations. A total of 129 primary studies met criteria. Appendix Figure C-1 
summarizes the results of the search and screening processes. 

The 129 included studies were reported in 167 articles that were published between 1989 and 
2020. All told, the studies enrolled and followed patients between 1977 and 2019. The 129 
studies comprised four randomized controlled trials (RCTs), 66 nonrandomized comparative 
studies (NRCSs), and 59 single group studies. The 129 included studies enrolled a total of 
459,228 patients. The 129 studies comprised four RCTs with 230 patients (ranging from 36 to 75 
patients each), 66 NRCSs with 196,616 patients (ranging from 70 to 32,897 patients each), and 
59 single group studies with 262,382 patients (ranging from 501 to 56,522 patients each).  

Table 2 summarizes the number of studies that addressed each Key Question (KQ), by study 
design. Sixty-nine percent of the studies (89/129) addressed KQ 1 (implant-based reconstruction 
[IBR] versus autologous reconstruction [AR]); in some of these studies, IBR was further 
categorized into direct-to-implant IBR- and tissue expander IBR-specific arms, and AR was 
further categorized into specific flap types. KQ 2 was addressed by four NRCSs, each of which 
addressed the timing of reconstruction before or after radiation therapy (none before or after 
chemotherapy). All five NRCSs addressing KQ 3 (comparisons of implant materials for IBR) 
compared silicone versus saline implants, and 1 NRCS also included a third group of women 
who received double lumen silicone implants. Both NRCSs addressing KQ 4 compared 
prepectoral and total submuscular planes of implant placement (none addressed partial 
submuscular placement). KQ 5 (human acellular dermal matrix [ADM] use versus nonuse during 
IBR) was addressed by 20 studies and KQ 6 (comparisons of flap types for AR) was addressed 
by 17 studies. KQ 6 studies compared six flap types. 

Table 2. Number of studies addressing each Key Question, by study design 
Design KQ 1 KQ 2 KQ 3 KQ 4  KQ 5 KQ 6 Total 
Randomized controlled trials 0 0 0 0 2 2 4 
Nonrandomized comparative studies 30 4 5 2 18 15 66* 
Single group studies 59 0 0 0 0 0 59 
Total 89 4 5 2 20 17 129* 

* Some nonrandomized comparative studies addressed multiple Key Questions (KQs). 

For all 129 studies, Appendix Tables C-1 to C-7 summarize the design, arm, and patient 
characteristics (separate subtables for each KQ, with two tables for KQ 1: one for NRCSs and 
another for single group studies) and Appendix Tables D-1 to D-4 summarize the risk of bias 
assessments (separate subtables by study design, with two tables for NRCSs).  

Further details about the literature search, included studies, and excluded studies (with 
reasons for their exclusion) are in Appendices A and B. 
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Key Question 1: Implant-Based Reconstruction Versus 
Autologous Reconstruction 

Key Points 
• Patients who undergo AR, compared with those who undergo IBR, probably experience 

clinically significant better sexual well-being (Moderate strength of evidence [Moderate 
SoE]) and satisfaction with breast aesthetics (Moderate SoE), and maybe satisfaction with 
surgical outcome (Low SoE). However, IBR and AR may be associated with clinically 
comparable general quality of life (Low SoE) and psychosocial well-being (Moderate 
SoE). 

• Results were inconsistent regarding whether the choice of IBR versus AR impacts 
physical well-being or risks of reconstructive failure, unplanned repeat surgeries for 
revision, unplanned repeat surgeries for complications, or infections that are not 
explicitly implant-related. 

• Compared with patients who undergo IBR, those who undergo AR probably are at a 
greater risk of pulmonary embolism (Moderate SoE), but may experience comparable 
chronic breast pain (Low SoE). Patients who undergo AR with abdominally sourced flaps 
may experience clinically greater chronic abdominal pain (Low SoE). 

• Patients who undergo IBR may be at greater risk of breast seroma than patients who 
undergo AR (Low SoE). 

• IBR and AR are probably associated with comparable risks of unplanned repeat 
hospitalizations (Moderate SoE). 

• There is insufficient evidence to compare IBR and AR in terms of risks of mortality or 
necrosis. 
 

We found 87 eligible studies. None were RCTs. We found 28 NRCSs with adjusted analyses 
for the comparison between IBR and AR. An additional 59 single group studies of either IBR or 
AR (with 500 or more patients) provide data on surgical complications. An additional two 
NRCSs did not report adjusted effect sizes or P values.36, 37 The IBR and AR groups in these two 
NRCSs did not meet the sample size threshold of 500 patients, so we could not consider them as 
single group studies. They are thus not discussed further in this section. Appendix Tables C-1, D-
2, D-3, and E-1.1 to E-1.26 include full data for all 30 NRCSs, irrespective of whether they 
reported adjusted effect sizes. Details of the 59 single group studies are in Appendix Tables C-2 
D-4, and E-1.13 to E-1.26. 

Nonrandomized Comparative Studies 
The 28 adjusted NRCSs, reported in 43 articles,38-80 compared IBR and AR in a total of 

118,347 patients. Among the NRCSs, 17 (61%) were prospective and 11 (39%) were 
retrospective. We rated 21 of the 28 NRCSs to be at overall high risk of bias, mostly related to 
serious risk of confounding and the lack of blinding of participants, study personnel, and/or 
outcome assessors. We rated the remaining seven NRCSs to be at overall moderate risk of bias. 

The 28 NRCSs enrolled between 70 and 32,897 women each. Most (n=21; 75%) were 
conducted in North America (18 in the U.S., two in Canada, and one in both). The remaining 
NRCSs were conducted in China (n=3), the Netherlands (n=2), and South Korea (n=2). Average 
ages of patients were similar across NRCSs, ranging from 43 to 51 years. Average body mass 
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indices (BMIs) ranged from 22 to 28 kg/m2. In the only four NRCSs that reported patient races, 
between 63 and 89 percent were White and between 4 and 7 percent were Black. 

The NRCS result summaries are in Tables 3 to 9 and in Appendix Table E-1.26. 

Single Group Studies 
The 59 single group studies, reported in 73 articles,81-153 evaluated IBR (n=25) or AR (n=34) 

in a total of 262,382 patients. We rated one single group study to be at overall high risk of bias, 
13 at moderate risk of bias, and 45 at low risk of bias. Note that because these studies only 
involved a single group, issues of confounding are not relevant. High and moderate risks of bias 
were mostly related to selective outcome reporting, eligibility criteria not being clearly 
described, and/or interventions not being clearly described or consistently delivered. 

The single group studies included between 501 and 55,850 women each. Most (n=39; 66%) 
were conducted in North America (38 in the U.S. and one in Canada). Other studies were 
conducted in the U.K. (n=3), Belgium (n=3), South Korea (n=3), Germany (n=2), Sweden (n=2), 
and in seven other countries (n=1 each). Average ages of patients were similar across studies, 
ranging from 46 to 54 years. Average BMIs ranged from 22 to 28 kg/m2. Only eight of the 59 
studies reported patient races: between 62 and 77 percent were White and between 2 and 15 
percent were Black. 

The single group study results are in Appendix Tables E-1.13 to E-1.26. 

Clinical Outcomes 
Nine NRCSs (Eltahir 2015, Ha 2020, Jiang 2013, Kouwenberg 2019, Kulkarni 2017, 

McCarthy 2014, Nelson 2019, Roth 2007, and Yueh 2009) reported on clinical outcomes 
comparing IBR and AR (Tables 3 to 7). Note that we did not evaluate single group studies for 
clinical outcomes. 

General Quality of Life 
Two NRCSs (Kouwenberg 2019 and Roth 2007) reported on general quality of life (Table 

3). Kouwenberg 2019 used the European Organization for Research and Treatment of Cancer 
Quality of Life Questionnaire C30 (EORTC QLQ-C30). The QLQ-C30 was designed to measure 
changes (or differences) in health-related quality of life in patients with cancer. The score ranges 
from 0 to 100, with higher scores indicating better quality of life. The minimum clinically 
important difference (MCID) has been estimated to be 4 to 10 points.154 Kouwenberg 2019 
reported that patients who underwent IBR and AR had comparable EORTC QLQ-C30 scores 
(P=0.7; adjusted effect size not reported). Roth 2007 reported on quality of life using five 
measurements: the functional well-being component of the Functional Assessment of Cancer 
Therapy (FACT-B); the role emotional, vitality, and general mental health components of the 
Short Form-36 (SF-36); and a score evaluating body image (9 to 45; higher is better). The 
functional well-being component of the FACT-B ranges from 0 to 28 (higher is better; MCID 2 
points155). Each of the SF-36 component scores ranges from 0 to 100 (higher is better; MCID not 
available for component scores). Although adjusted effect sizes were not reported, Roth 2007 
reported that, at 2 years of followup, scores for each of the five measurements were comparable 
between patients who underwent IBR and AR (P≥0.05). 
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Physical Well-Being 
Four NRCSs (Eltahir 2015, Kulkarni 2017, McCarthy 2014, and Nelson 2019) reported on 

physical well-being (Tables 4 and 5).  
Three NRCSs (Eltahir 2015, Kulkarni 2017, and McCarthy 2014) reported physical well-

being as continuous data using six different measurement instruments. Data were generally 
comparable between IBR and AR groups. All three NRCSs used the BREAST-Q questionnaire. 
The BREAST-Q was designed to measure changes (or differences) in patient-reported outcomes 
in patients who have undergone breast surgery. Scores range from 0 to 100, with higher scores 
indicating better well-being. The MCID for physical well-being has been estimated to be 3 
points.156 McCarthy 2014 reported that, at 1 to 5 years of followup, patients who underwent AR 
had higher physical well-being scores (P<0.05; adjusted effect size not reported). However, 
Eltahir 2015 reported comparable scores between IBR and AR groups at 2.2 years of followup 
(adjusted mean difference [adjMD] −2.60, 95% confidence interval [CI] −9.77 to 4.57). Kulkarni 
2017 reported data only for the chest- and chest/upper body-specific components of the 
BREAST-Q. For the chest component, scores at 1 and 2 years of followup were comparable 
between IBR and AR overall as well as within subgroups of women who had unilateral or 
bilateral reconstructions. For the chest/upper body component, however, the group of women 
who specifically underwent AR with pedicled transverse rectus abdominis myocutaneous 
(TRAM) flaps had clinically important poorer well-being than patients who underwent IBR. 

Kulkarni 2017 also used the pain interference and physical function components of the 
Patient-Reported Outcomes Measurement Information System (PROMIS) (scores 0 to 100; 
higher is worse; MCID 3 to 4.5 points157) and reported comparable scores between IBR and AR 
groups at 1 year of followup. Eltahir 2015 also used the physical functioning component of the 
SF-36 (scores 0 to 100; higher is better) and reported comparable scores between IBR and AR 
groups (adjMD 2.13, 95% CI −4.20 to 8.46).  

One NRCS (Nelson 2019) reported categorical data for the likelihood of patients having 
higher BREAST-Q chest scores (Table 5). Although the odds at 1 and 3 years of followup were 
comparable between IBR and AR groups, patients who underwent AR had higher odds of having 
higher (versus unchanged) scores at 5 years (adjusted odds ratio [adjOR] 4.52, 95% CI 2.03 to 
10.1) and at 7 years (adjOR 3.08, 95% 1.03 to 9.15).  

Psychosocial Well-Being 
Three NRCSs (Eltahir 2015, Kulkarni 2017, and Roth 2007) reported on psychosocial well-

being using five different measurement instruments (Table 3). Psychosocial well-being was 
generally comparable between IBR and AR groups. Two NRCSs (Eltahir 2015 and Kulkarni 
2017) used the BREAST-Q questionnaire (0 to 100; higher is better; MCID 4 points156). Both 
Eltahir 2015 and Kulkarni 2017 reported that, at 2 years of followup, patients who underwent 
IBR and AR had clinically similar BREAST-Q psychosocial well-being scores. Kulkarni 2017 
also used the PROMIS anxiety and depression components (scores 0 to 100; higher is worse; 
MCID 3 to 4.5 points for each157) and reported comparable scores between IBR and AR groups 
at 1 year of followup.  

Eltahir 2015 and the third NRCS (Roth 2007) reported on the social functioning component 
of SF-36 (scores 0 to 100; higher is better; MCID not available). Both NRCSs reported that IBR 
and AR groups had comparable scores. Eltahir 2015 reported an adjMD of –1.21 (95% CI, –8.44 
to 6.02), while Roth 2007 reported that the P value was ≥0.05 (adjusted effect size not reported). 
Roth 2007 also reported on the social/family well-being component of the FACT-B (0-28; 
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higher is better; MCID 2 points155). Although an adjusted effect size was not reported, at 2 years 
of followup, patients who underwent IBR and AR had comparable FACT-B scores (P=0.24). 

Sexual Well-Being 
Two NRCSs (Eltahir 2015 and Kulkarni 2017) reported on sexual well-being using the 

BREAST-Q questionnaire (0-100; higher is better; MCID 5156) (Table 3). Eltahir 2015 reported 
clinically better sexual well-being at 2.2 years of followup in the AR group, but this was not 
statistically significant (adjMD 6.44, 95% CI −3.56 to 16.5). Kulkarni 2017 reported that 
although sexual well-being was comparable between IBR and AR groups at 1 year of followup, 
patients in the AR group reported clinically better sexual well-being at 2 years of followup. This 
was reported overall (adjMD 5.53, 95% CI better −2.95 to 8.11) as well as within the subgroups 
of women who had unilateral reconstruction (adjMD 11.42; P<0.001) and those who had 
bilateral reconstruction (adjMD 4.2; P<0.001). 

Satisfaction With Aesthetics and With Surgical Outcome 
Three NRCSs (Eltahir 2015, Kulkarni 2017, and Yueh 2009) reported on satisfaction with 

breast aesthetics using the BREAST-Q questionnaire (0-100; higher is better; MCID 5156) 
(Tables 3 and 6). Two NRCSs, analyzing continuous data, found that women who underwent AR 
reported clinically greater satisfaction with breast aesthetics than did patients underwent IBR. 
Eltahir 2015 reported an adjMD of 8.16 (95% CI 1.18 to 15.2) at 2.2 years. Kulkarni 2017 
reported adjMDs of 6.30 (95% CI 3.41 to 9.09) at 1 year and 7.94 (95% CI 5.68 to 10.2) at 2 
years of followup. Kulkarni 2017 also reported that AR was associated with better satisfaction at 
2 years in the subgroups of women who had unilateral reconstructions as well as those who had 
bilateral reconstructions. Yueh 2009, reporting categorical data, found that patients who 
underwent AR had higher odds of being satisfied with their breast aesthetics than were patients 
who underwent IBR (adjOR 1.43, 95% 1.18 to 1.73). These findings were also observed when 
specifically comparing women who underwent AR with TRAM flaps versus women who 
underwent IBR (adjOR 3.49, 95% CI 1.91 to 6.40) and when comparing women who underwent 
AR with latissimus dorsi (LD) flaps versus women who underwent IBR (adjOR 1.99, 95% CI 
1.09 to 3.65). However, the odds of being satisfied were comparable between the IBR and AR 
with deep inferior epigastric perforator (DIEP) flap groups. Eltahir 2015 also reported on 
satisfaction with nipple aesthetics using the BREAST-Q questionnaire (0-100; higher is better; 
MCID 5156). At 2.2 years of followup, scores were comparable between IBR and AR groups 
(adjMD 1.70, 95% CI −14.2 to 17.6). 

One NRCS (Yueh 2009) reported data on whether patients reported satisfaction with the 
surgical outcome (defined as general satisfaction with the surgery) (Table 6). Compared with 
women who underwent IBR, there was greater odds of satisfaction in the overall AR group 
(adjOR 1.83, 95% CI 1.11 to 3.03) and in the AR with TRAM flap group (adjOR 2.05, 95% CI 
1.13 to 3.72). However, the odds of being satisfied with the surgical outcome was comparable 
between the IBR and AR with DIEP flap group and between the IBR and AR with LD flap 
group. 

Recurrence of Breast Cancer 
One NRCS (Ha 2020) reported data for recurrence of breast cancer (Table 5). At 4.8 years of 

followup, compared with women who underwent IBR, women who underwent AR experienced a 
greater risk of recurrence of high histologic grade (Grade III) breast cancer (adjOR 3.39, 
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95% CI 1.23 to 9.32). However, risks of locoregional recurrence were comparable (P=0.70; 
adjusted effect size not reported).  

Mortality 
One NRCS (Jiang 2013) reported mortality data (Table 7). At 8.9 years of followup, patients 

in the IBR and AR groups experienced comparable risks of overall mortality (adjOR 0.96, 95% 
CI 0.89 to 1.04) and breast cancer-specific mortality (adjOR 0.95, 95% CI 0.87 to 1.04). 

Surgical Complications 
All 28 NRCSs and 59 single group studies reported on surgical complications for this KQ. 

For each outcome, we first summarize results from the NRCSs (i.e., comparative studies; Tables 
7 to 9 and Appendix Tables E-1.11 to E-1.26). Additional information on surgical complications 
from the single group studies is presented in Appendix Tables E-1.13 to E-1.26 and is 
summarized briefly here. Because this KQ is about the comparison between IBR and AR, 
conclusions (including SoE assessments) are based on only NRCS results. 

Unplanned Repeat Hospitalizations 
Three NRCSs and two single group studies reported data for this outcome. 
Two NRCSs (Merchant 2015 and Mioton 2013) reported that risks of unplanned repeat 

hospitalizations within the first month of followup were comparable between patients in the 
IBR and AR groups (Table 7). Merchant 2015 reported an adjOR of 1.07 (95% CI 0.95 to 1.20) 
and Mioton 2013 reported that the comparison was not statistically significant (an adjusted effect 
size was not reported). The third NRCS (Nasser 2018) reported that IBR and AR groups had 
comparable 1-month risks of unplanned emergency department (ED) visits (adjOR 1.11, 95% 
CI 0.91 to 1.25) and unplanned ED visits with pain-related diagnoses (adjOR 1.11, 95% CI 
0.83 to 1.67).  

The two single group studies assessed IBR (Appendix Table E-1.13). Potter 2019 reported a 
3-month risk of unplanned repeat hospitalizations of 18 percent, while Tran 2018, without 
reporting the time point, reported a risk of 2.8 percent. 

Unplanned Repeat Surgeries for Revision 
Three NRCSs and eight single group studies reported data for this outcome. 
Findings in the three NRCSs (Fischer 2014, Zhang 2019, and Kulkarni 2017) were 

inconsistent (Table 8). Two NRCSs (Fischer 2014 and Zhang 2019) reported that risks of 
unplanned repeat surgeries for revision were lower in the AR group than the IBR group, while 
Kulkarni 2017 reported the reverse. Without reporting adjusted effect sizes, Fischer 2014 
reported lower risks in the AR group within the first 1 year (P=0.017) and at 2 years of followup 
(P=0.003). Zhang 2019 reported an adjOR of 0.72 (95% CI 0.50 to 1.06) at 4.9 years of 
followup. Kulkarni 2017, on the other hand, reported higher risks in most of the individual flap 
groups (DIEP, free TRAM, LD, and superficial inferior epigastric artery perforator [SIEA]) than 
in the IBR with tissue expanders group, with adjORs ranging from 1.83 to 2.66. The pedicled 
TRAM group, however, had a risk that was comparable to the IBR with tissue expanders group 
(adjOR 1.33, 95% CI 0.75 to 2.40).  

Among the eight single group studies, two assessed IBR and six AR (Appendix Table E-
1.14). Among the IBR studies, Park 2019 reported a 6-month risk of unplanned surgeries for 
revision of 8.7 percent, while Coroneos 2019 reported a 3-year risk of 20.4 percent. The six AR 
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studies reported that at various followup time-points between 5.6 months and 10 years, risks 
ranged from 1.0 to 19.1 percent. 

Unplanned Repeat Surgeries for Complications 
Three NRCSs and six single group studies reported data for this outcome. 
Findings in the three NRCSs (Hangge 2013, Mioton 2013, and Zhang 2011) were 

inconsistent (Table 8). One NRCS (Hangge 2013) reported that, compared with the AR group, 
risks of unplanned repeat surgeries for unspecified complications were higher in the IBR 
direct-to-implant group (adjOR 2.03, 95% CI 1.03 to 3.98) and the IBR with tissue expanders 
group (adjOR 1.81, 95% CI 0.90 to 3.64). On the other hand, Mioton 2013 reported comparable 
risks of the above outcome between IBR and AR groups (adjOR 1.08, 95% CI 0.88 to 1.32) and 
Zhang 2011 reported comparable risks of unplanned repeat surgeries for compromised 
implants or flaps (adjOR 0.63, 95% CI 0.29 to 1.37). 

Among the six single group studies, two studies assessed IBR and four AR (Appendix Table 
E-1.15). Among the IBR studies, Hamdi 2011 reported that, at 2.6 years of followup, the risk of 
undergoing AR after failure of IBR was 7.8 percent and Acosta 2011 reported that, at 9 years 
of followup, the risk of undergoing wound revision was 11.4 percent. The four AR studies 
reported risks of reoperation for complications at up to 3.1 years of followup ranging from 2.0 
to 18.0 percent. 

Pain 
Three NRCSs and three single group studies reported pain data. 
The three NRCSs (Roth 2007, Kulkarni 2017, and Eltahir 2015) reported that AR, 

particularly when conducted using abdominal-based flaps (TRAM, SIEA, and DIEP), were 
generally associated with more pain than IBR (Table 9). Kulkarni 2017 reported pain data using 
three different measurements: the sensory and affective components of the McGill Pain 
Questionnaire Short Form (MPQ-SF) (for each component: 0 to 10; higher is worse; MCIDs not 
available158) and a Visual Analog Scale (VAS; 0 to 10; higher is worse; MCID 2 points159). At 1 
week after surgery, compared with patients who underwent IBR, patients who underwent AR 
with SIEA flaps had higher MPQ-SF sensory pain scores (adjMD 2.41, 95% CI 0.38 to 4.44). 
At 3 months after surgery, compared with patients who underwent IBR with tissue expanders, 
patients who underwent AR with free TRAM flaps had higher scores (adjMD 2.48; P<0.001). At 
1 week after surgery, MPQ-SF affective pain scores were comparable between various AR flap 
and IBR groups. However, at 2 years after surgery, compared with patients who underwent IBR 
with tissue expanders, scores were higher (i.e., worse) in patients who underwent AR with DIEP 
flaps (adjMD 0.33, 95% CI 0.07 to 0.59), free TRAM flaps (adjMD 0.84; P<0.001), and SIEA 
flaps (adjMD 1.24; P<0.0001). Using the VAS, however, Kulkarni 2017 reported comparable 
pain across study groups at 1 week after surgery whether analyzed as a continuous score (Table 
9) or as a dichotomous outcome of moderate to severe pain versus not (Table 8). 

Roth 2007 reported data using a different VAS (1 to 5; higher is better; MCID not available). 
At 2 years of followup, patients who underwent AR experienced lower (i.e., worse) SF-36 
abdominal pain scores (P<0.0001; adjusted effect size not reported). Scores for the other SF-36 
components (i.e., bodily pain, breast pain, and back pain) were comparable between IBR and 
AR groups. 
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On the other hand, Eltahir 2015 reported comparable pain scores between IBR and AR 
groups (adjMD 2.40, 95% CI −5.37 to 10.2). This was based on the pain component of the SF-
36 (scores 0 to 100; higher is better; MCID unavailable). 

Each of the three single group studies assessed IBR (Appendix Table E-1.16). Risks of 
breast pain or tightness were 5.1 percent at 1 year (1 study), 1.8 percent at 2 years (1 study), 
and 4.7 percent at an unreported time-point (1 study). Although a statistical test evaluating 
subgroup effects was not reported, obese and nonobese patients had comparable risks of breast 
pain at 1 year (5.8% and 4.8%) (1 study). 

Necrosis 
Four NRCSs and 36 single group studies reported necrosis data. 
Findings in the four NRCSs (Woo 2018, Naoum 2020, Abedi 2016, and de Araujo 2016) 

were inconsistent (Table 7). Locations of necrosis reported included the mastectomy flap and fat 
at followup time points ranging from 1.6 to 10 years. One NRCS (Woo 2018) reported that 
patients who underwent AR had a lower risk of mastectomy flap necrosis (adjOR 0.31, 95% CI 
0.11 to 0.86), while two other NRCSs reported that IBR and AR groups had comparable risks 
(Naoum 2020: adjOR 0.83, 0.19 to 3.5 and Abedi 2016: adjOR 0.66, 95% CI 0.38 to 1.16). 
However, another NRCS (de Araujo 2016) reported a higher risk in the AR group, but the 
estimate was very imprecise (adjOR 17.9, 95% CI 0.52 to 610.5). 

Naoum 2020 also reported that patients who underwent AR had a higher risk of fat necrosis 
at 4 to 10 years of followup, but the estimate was imprecise (adjOR 21.2, 95% CI 2.5 to 174.5). 

Among the 36 single group studies, 14 studies assessed IBR and 22 AR (Appendix Table E-
1.17). Among the 14 IBR studies, risk of breast fat necrosis was 5.0 percent in the first 12 
months (1 study). Risk of mastectomy flap necrosis was 1.8 percent in the first month (1 study), 
between 0.1 and 8.5 percent between 1 month and 1 year (5 studies), between 1.6 and 3.1 percent 
after 1 year (2 studies), and between 2.0 and 11.1 percent at unreported time-points (3 studies). 
Risk of necrosis at unspecified locations was 1.5 percent in the first month (1 study), between 
2.0 and 12.4 percent between 1 month and 1 year (3 studies), and 9.7 percent after 1 year (1 
study). Although statistical tests evaluating subgroup effects were not reported, differences in 
risks of necrosis were reported among subgroups: immediate IBR had higher risk than delayed 
IBR (1 study); two-stage IBR had higher risk than single-stage IBR (1 study), and patients who 
underwent radiation therapy before IBR had higher risk than who did not (2 studies). Obese 
patients had a higher risk of necrosis of the breast fat but not of the skin flap (1 study). 

Among the 22 AR studies, risk of breast fat necrosis was between 10.0 and 11.2 percent in 
the first month (2 studies), between 1.3 and 11.1 percent between 1 month and 1 year (3 studies), 
between 0.3 and 12.5 percent after 1 year (3 studies), and between 0.9 percent and 19.4 percent 
at unreported time-points (10 studies). Risk of mastectomy flap necrosis was 0.4 percent in the 
first year (1 study), between 1.9 percent and 9.1 percent after 1 year (4 studies), and between 0.5 
percent and 18.2 percent at unreported time-points (5 studies). Risk of AR flap necrosis was 5.5 
percent in the first year (1 study) and 5.5 percent at an unreported time-point (1 study). Risk of 
umbilical necrosis was 3.5 percent after 1 year (1 study) and 3.3 percent at an unreported time-
point (1 study).  

Although a statistical test evaluating subgroup effects was not reported, patients in the oldest 
age group (>70 years) had a higher risk of fat necrosis (26.3%) than younger categories of 
women (approximately 15% to 17%) (1 study). 
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Thromboembolic Events 
Two NRCSs and 24 single group studies reported thromboembolic event data. 
One NRCS (Mioton 2013) reported that risks of deep vein thrombosis (DVT) in IBR and 

AR groups were comparable (adjOR 0.99, 95% CI 0.41 to 2.41), but patients who underwent AR 
had a statistically nonsignificant higher risk of pulmonary embolism (PE) (adjOR 1.84, 95% CI 
0.71 to 4.77) (Table 7). The other NRCS (Momeni 2018) reported that patients who underwent 
AR had a statistically significant higher risk of the composite outcome of DVT or PE (adjOR 
2.27, 95% CI 1.79 to 2.86).  

Among the 24 single group studies, one study assessed IBR and 23 AR (Appendix Table E-
1.18). In the IBR study (Chen 2018a), risk of DVT was 0.04 percent and PE 0.09 percent (time 
points not reported).  

Among the 23 AR studies, risk of DVT was 0.1 percent in the first month (1 study) and 
between 0.1 and 1.0 percent at unreported time-points (3 studies). Risk of PE was 0.2 percent in 
the first year (1 study), between 0.1 percent and 1.4 percent after 1 year (2 studies), and between 
0.1 percent and 0.8 percent at unreported time-points (4 studies). Risk of the composite outcome 
of DVT or PE was 0.5 percent in the first month (1 study) and between 0 percent and 1.1 
percent at unreported time-points (4 studies).  

Risk of venous congestion of the AR flap was 1.2 percent in the first month (1 study), 4.4 
percent between 1 month and 1 year (1 study), and 0.6 percent after 1 year (1 study). Risk of 
venous thrombosis or occlusion of the AR flap was between 0.5 percent and 5.6 percent in the 
first month (4 studies), 3.8 percent after 1 year (1 study), and between 1.2 percent and 3.9 
percent at unreported time-points (3 studies). Risk of arterial thrombosis or occlusion of the 
AR flap was between 0.8 percent and 4.0 percent in the first month (4 studies), 0.5 percent after 
1 year (1 study), and between 1.4 percent and 3.8 percent at unreported time-points (2 studies). 
Risk of the composite outcome of arterial or venous thrombosis or occlusion of the AR flap 
was 0.1 percent in the first year (1 study) and between 0.8 percent and 3.5 percent at unreported 
time-points (2 studies). Although a statistical test evaluating subgroup effects was not reported, 
patients in the oldest age group (>70 years) had a higher risk of this composite outcome (5.3%) 
than younger categories of women (between 2.9% and 3.9% risk) (1 study). 

Infections Not Explicitly Implant-Related 
Five NRCSs and 40 single group studies reported data on infections that were not explicitly 

implant-related. 
Findings in the five NRCSs were inconsistent (Table 8). One NRCS (Mioton 2013) reported 

that patients who underwent AR had higher risks of wound infections (adjOR 1.40, 95% CI 1.01 
to 1.96) and deep surgical site infections (adjOR 1.81, 95% CI 1.12 to 2.94) but not superficial 
surgical site infections (adjOR 1.20, 95% CI 0.81 to 1.76). Two NRCSs reported imprecise 
comparisons of risks of infections between AR and IBR groups (de Araujo 2016: adjOR 0.86, 
95% CI 0.18 to 4.11 and Naoum 2020: adjOR 0.77, 95% CI 0.20 to 2.50). On the other hand, 
two NRCSs reported that AR may be associated with a lower risk of infections. Although 
Kulkarni 2017 reported comparable risks of breast wound infections between the AR flap types 
and IBR, patients in the DIEP flap group had a lower risk than the IBR group (adjOR 0.44, 95% 
CI 0.25 to 0.78). Garvey 2012 reported a lower risk in the AR group than the IBR group 
(P<0.001), but an adjusted effect size was not reported.  

Among the 40 single group studies, 20 studies each assessed IBR and AR (Appendix Table 
E-1.19). In the 20 IBR studies, risk of infections ranged from 1.7 to 3.0 percent in the first 
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month (3 studies), from 2.1 to 19.3 percent between 1 month and 1 year (9 studies), from 2.9 to 
10.8 percent after 1 year (6 studies), and from 0.3 to 6.6 percent at unreported time-points (5 
studies). 

In the 20 AR studies, risk of breast infections ranged from 2.3 to 10.6 percent in the first 
month (2 studies), from 3.6 to 6.9 percent between 1 month and 1 year (3 studies), from 2.8 to 
10.3 percent after 1 year (4 studies), and from 0.4 to 7.8 percent at unreported time-points (8 
studies). The risk of donor site or flap infections was 7.4 percent between 1 month and 1 year 
(1 study) and ranged from 1.0 to 1.9 percent at unreported time-points (3 studies). The risk of 
major or systemic infections was 3.8 percent after 1 year (1 study) and 0 percent (i.e., no major 
or systemic infections) at an unreported time-point (1 study). 

Wound Dehiscence 
Two NRCSs and 17 single group studies reported would dehiscence data. 
One NRCS (Garvey 2012) reported that risks of wound dehiscence in IBR and AR groups 

were comparable (P=0.25; adjusted effect size not reported), but the other NRCS (Mioton 2013) 
reported that patients who underwent AR had a near-significant higher risk (adjOR 1.79, 95% CI 
0.83 to 3.84) (Table 7). 

Among the 17 single group studies, seven studies assessed IBR and 10 assessed AR 
(Appendix Table E-1.20). Among the seven IBR studies, risk of breast wound dehiscence was 
1.9 percent in the first month (1 study), between 1.6 and 4.9 percent between 1 month and 1 year 
(3 studies), between 0.3 and 2.1 percent after 1 year (3 studies), and 0.7 percent at an unreported 
time-point (1 study). Although a statistical test evaluating subgroup effects was not reported, 
compared with patients without prior radiation therapy, patients with prior radiation had 
comparable 1-year risk of wound dehiscence in one study (0.8% vs. 0.3%) but higher 3.4-year 
risk in another study (11.9% vs. 1.1%). In another study, obese and nonobese patients had 
comparable risks at 1 year of followup (3.6% vs. 2.8%). 

Among the 10 AR studies, risk of breast wound dehiscence was 1.2 percent in the first 
month (1 study), between 0.3 and 3.9 percent between 1 month and 1 year (3 studies), 11.4 
percent after 1 year (1 study), and between 0.1 and 1.0 percent at unreported time-points (6 
studies). Risk of donor site wound dehiscence was 1.4 percent at an unreported time-point (1 
study). Although a statistical test evaluating subgroup effects was not reported, patients with and 
without prior radiation therapy had comparable 1-year risk of wound dehiscence in one study 
(0.8% vs. 0.3%) but higher 3.4-year risk in another study (11.9% vs. 1.1%).  

Delayed Healing 
Two NRCSs and eight single group studies reported data for the outcome of delayed healing. 
Both NRCSs (Fischer 2013 and Garvey 2012) reported higher risks of delayed healing 

among women who underwent AR than IBR (Table 7). Fischer 2013 reported a higher risk of 
delayed breast wound healing in the AR group (adjOR 2.2, 95% CI 1.0 to 5.2) and Garvey 
2012 reported a higher risk of delayed healing at an unspecified location in the AR group 
(P=0.01; adjusted effect size not reported). 

Among the eight single group studies, two assessed IBR and six AR (Appendix Table E-
1.21). In the two IBR studies, 1-year risk of a nonhealing wound was 4.8 percent (1 study) and 
0.4 percent at an unreported time-point (1 study). Although statistical tests evaluating subgroup 
effects were not reported, risks were comparable between patients with or without prior radiation 
therapy (1 study), between patients undergoing immediate or delayed IBR (1 study), and 
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between patients undergoing direct-to-implant or tissue expander-based IBR (1 study). In another 
study, obese patients had a higher risk than nonobese patients at 1 year of followup (7.6% vs. 
3.7%).  

Among the six AR studies, the risk of delayed breast wound healing was 7.6 percent at 5.6 
months (1 study) and 25.0 percent at an unreported time-point (1 study). The risk of delayed 
donor site wound healing was 3.4 percent at 5.6 months (1 study) and 11.5 percent at an 
unreported time-point (1 study). The other AR studies reported risks of delayed healing at 
unspecified locations. Risks were 9.2 percent at 1 month (1 study), 19.7 percent between 4.3 
and 5.4 years (1 study), and between 1.2 and 18.7 percent at unreported time-points (2 studies). 

Seroma 
Two NRCSs and 29 single group studies reported seroma data. 
Although they did not report adjusted effect sizes, both NRCSs (Fischer 2014 and Garvey 

2012) reported higher risks of breast seroma among women who underwent IBR than AR, 
although adjusted effect sizes were not reported. Fischer 2014 reported a higher risk of seroma 
(P=0.009) and Garvey 2012 reported a higher risk of the composite outcome of seroma or 
hematoma (P<0.001). 

Among the 29 single group studies, 12 studies assessed IBR and 17 studies AR (Appendix 
Table E-1.22). Among the 12 IBR studies, breast seroma risks ranged from 1.6 to 4.6 percent in 
the first month (2 studies), from 1.1 to 6.7 percent between 1 month and 1 year (6 studies), from 
2.8 to 5.6 percent after 1 year (2 studies), and from 0.2 to 4.5 percent at unreported time-points 
(3 studies). Three of the IBR studies also reported subgroup-specific data for seroma. Although 
statistical tests evaluating subgroup effects were not reported, comparable risks of seroma were 
reported among subgroups defined by history of prior radiation therapy (2 studies), use of 
immediate versus delayed IBR (1 study), and use of single- versus two-stage IBR (1 study). 
However, in one study, obese patients had a higher risk of seroma than nonobese patients (11.4% 
vs. 4.7%).  

Among the 19 AR studies, breast seroma risk was 3.1 percent in the first year (1 study) and 
2.7 percent at an unreported time-point (1 study). Risk of donor site or flap seroma was 5.5 
percent after the first year (1 study) and between 0.4 and 4.1 percent at unreported time-points (3 
studies). Although a statistical test evaluating subgroup effects was not reported, one study 
(Chang 2011) reported comparable risks of donor site seroma among patients aged <50 years, 50 
to 59 years, 60 to 69 years, and >70 years. Risks of seroma at unspecified locations were 1.9 
percent in the first month (1 study), between 1.6 and 2.9 percent between 1 month and 1 year (3 
studies), between 0.3 and 4.6 percent after 1 year (4 studies), and between 0.6 and 2.1 percent at 
unreported time-points (5 studies).  

Scarring 
No NRCS reported on scarring. 
Two single group studies (Cordeiro 2015a and Yoo 2014) reported scarring data (Appendix 

Table E-1.23). Cordeiro 2015a, which assessed IBR, reported that at 2 years of followup, 1.4 
percent of patients experienced hypertrophic or other scarring. Yoo 2014, which assessed AR, 
reported that 2.6 percent of patients experienced breast hypertrophic scarring and 5.2 percent 
experienced donor site hypertrophic scarring. Yoo 2014 did not report time-points for either 
outcome. 
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Reconstructive Failure 
Five NRCSs reported data for reconstructive failure, but their findings were inconsistent 

(Table 8). Three NRCSs reported considerably lower risks among women who underwent AR 
than IBR: Chetta 2017, without defining reconstructive failure, reported an adjOR of 0.09 (95% 
CI 0.07 to 0.13). Fischer 2013, defining reconstructive failure as unplanned nonaesthetic tissue 
expander or implant removal related to a complication in patients with IBR or flap loss in 
patients with AR, reported an adjOR of 0.19 (95% CI 0.04 to 0.80). Garvey 2012, without 
defining reconstructive failure, reported P<0.001 (adjusted effect size not reported). The findings 
of Kulkarni 2017 agreed with these three NRCSs, but Kulkarni 2017 reported data (without 
defining reconstructive failure) separately for women who underwent unilateral reconstructions 
(adjOR 0.12, 95% CI 0.04 to 0.36) and for women who underwent bilateral reconstructions 
(adjOR 0.14, 95% CI 0.05 to 0.45). On the other hand, Mioton 2013, defining reconstructive 
failure as implant or flap failure, reported a higher risk among women who underwent AR than 
IBR (adjOR 1.69, 95% CI 1.08 to 2.62). We do not report a meta-analysis for reconstructive 
failure because of substantial heterogeneity across studies (I2=98%). 

Hematoma or Hemorrhage 
One NRCS and 32 single group studies reported hematoma or hemorrhage data. 
The NRCS (Fischer 2014) reported comparable risks of breast hematoma at 1.8 to 2.1 years 

between women who underwent IBR and AR (P=1.0; adjusted effect size not reported).  
Among the 32 single group studies, 11 studies assessed IBR and 21 studies AR (Appendix 

Table E-1.25). Among the 11 IBR studies, breast hematoma risks ranged from 2.7 to 6.3 
percent in the first month (2 studies), from 0 to 2.6 percent between 1 month and 1 year (5 
studies), from 2.0 to 2.5 percent after 1 year (2 studies), and 0.4 percent at an unreported time-
point (1 study). One study reported that the risk of breast hematoma or hemorrhage was 2.1 
percent and another reported that the risk of needing blood transfusion was 3.2 percent, but the 
time-points were not reported in either study. 

Among the 21 AR studies, breast (or unspecified location) hematoma risks were between 
1.6 and 4.7 percent in the first month (4 studies), 1.3 percent between 1 month and 1 year (2 
studies), between 1.8 and 5.8 percent after 1 year (2 studies), and between 0.9 and 6.4 percent at 
unreported time-points (8 studies). Breast (or unspecified location) hematoma or hemorrhage 
risks were between 3.1 and 3.5 percent at unreported time-points (2 studies). Risks of breast (or 
unspecified location) hematoma necessitating transfusion or operation were 8.0 percent in 
the first month (1 study), 5.7 percent after 1 year (1 study), and between 0.9 and 8.0 percent at 
unreported time-points (2 studies). Donor site or flap hematoma risks were 0.8 percent between 
1 month and 1 year (1 study) and 0.1 to 1.7 percent at unreported time-points (2 studies).  

Composite or Unspecified Harms 
Nine NRCSs and four single group studies reported on various composite or unspecified 

harms. There was considerable inconsistency across studies in how harms were defined, which 
precluded meta-analysis.  

Among the NRCSs, patients who underwent AR generally experienced higher risks of 
composite or unspecified harms (Appendix Table E-1.26). Five NRCSs reported risks of overall 
(or “any”) complications. Three of these NRCSs (Chetta 2017, Kulkarni 2017, and Qin 2018), 
reported that, between 1.0 and 3.7 years of followup, risks were higher among patients who 
underwent AR than those who underwent IBR (adjORs ranged from 1.36 to 2.48). Kulkarni 2017 
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reported separate comparisons between various AR flap types and IBR; risks of overall 
complications were higher for each flap group (DIEP, free TRAM, pedicled TRAM, LD, and 
SIEA) than the IBR group at both 1 and 2 years. On the other hand, two NRCSs (Laporta 2017 
and Xu 2018) reported comparable risks of overall complications between IBR and AR groups. 

Four NRCSs reported on risks of major complications or complications requiring 
hospitalization. Three of these NRCSs (Fischer 2015, Kulkarni 2017, and Liu 2014) reported 
that, between 1 month and 1 year of followup, risks were higher among patients who underwent 
AR than those who underwent IBR (adjORs ranged from 1.36 to 5.36). Kulkarni 2017 reported 
that, compared with the IBR group, 1-year risks of major complications were higher for each flap 
group, except for the LD flap group. For the LD flap group, the risk was comparable to the IBR 
group (adjOR 0.98, 95% CI 0.47 to 2.00). Kulkarni 2017 reported a similar pattern of data for the 
outcome re-operative complications at 2 years of followup. However, the fourth NRCS 
(Fischer 2014) reported that the risk of complications requiring hospitalization was near-
significantly higher in the IBR group (P=0.08; adjusted effect size not reported). 

Among the four single group studies, one assessed IBR and three AR (Appendix Table E-
1.26). In the IBR study (Salibian 2019), major ischemic complications occurred in 6.7 percent 
of patients in the first 3.3 years of followup. In the three AR studies, the risk of overall 
complications at 9 years of followup was 19.3 percent (1 study), the risk of wound problems at 
9 to 10 months of followup was 12.6 percent (1 study), and the risk of breast seroma, 
hematoma, or wound infection at 5 years of followup was 3.4 percent (1 study).  

Heterogeneity of Treatment Effects (Subgroup Differences) 
No NRCS formally analyzed possible heterogeneity of treatment effects, i.e., statistical tests 

for whether the comparative effect of AR versus IBR (e.g., the OR) differs in one subgroup of 
patients versus another. One NRCS (Kulkarni 2017) report data separately for the subgroups of 
women who underwent unilateral and bilateral reconstructions, but it is unclear whether relative 
outcomes differed between the subgroups. In Kulkarni 2017, the inferences regarding the relative 
effects of AR versus IBR on the clinical outcomes of psychosocial well-being, sexual well-being, 
and satisfaction with breast aesthetics as well as the surgical complication of reconstructive 
failure were similar between the unilateral and bilateral reconstruction subgroups. 

Applicability 
The large majority of studies were conducted in North America (75% of NRCSs and 67% of 

single group studies). From limited reported data, it appears that the large majority of women in 
the North American studies were White. However, because about 80 to 90 percent of women 
who undergo breast reconstruction in the U.S are White,14 it is likely that the studies are 
applicable to the U.S. population, despite the implied large disparity. 

Summary of Comparison of IBR Versus AR 
Table 10 summarizes the evidence for the comparison of IBR versus AR. There is low to 

moderate SoE for all conclusions. AR may be associated with clinically better experiences for 
some patient-reported clinical outcomes (e.g., sexual well-being, satisfaction with breast 
aesthetics) but not others (e.g., general quality of life). In terms of surgical complications, 
patients who undergo AR may be at greater risks of pulmonary embolism and worse abdominal 
pain (in the case of abdominal flaps), but patients who undergo IBR may be at greater risk of 
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breast seroma. Risks of some other surgical complications (e.g., unplanned repeat 
hospitalizations) may be comparable between IBR and AR. For others, the evidence is 
insufficient (e.g., necrosis) and/or the results are inconsistent (e.g., reconstructive failure).
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Table 3. Key Question 1: IBR vs AR – Continuous outcomes, general quality of life, psychosocial well-being, sexual well-being, patient 
satisfaction with aesthetics, and patient satisfaction with outcome 

Study, Year, 
PMID, 
Country 

Design Overall 
RoB 

Outcome Outcome 
Measurement 

Time 
Point  

Subgroup IBR, 
N 

IBR, Mean 
(SD) 

AR, 
N 

AR, Mean 
(SD) 

AR vs. IBR, 
Adjusted Mean 
Difference (95% CI) 

P 
Value 

Kouwenberg, 
2019, 
30270015, 
Netherlands 

NRCS Moderate General QoL EQ-5D-5L (0-100) NR All 67 0.85 (0.18) 67 0.87 
(0.14) 

NR 0.7 

Roth, 2007, 
17413877, 
US 

NRCS High General QoL FACT-B: Functional 
well-being (0-28) 

2 y All 35 23.3 (NR) 55 24.1 (NR) NR NS 

NRCS High General QoL SF-36: Role  
emotional (0-100) 

2 y All 35 86.7 (NR) 55 86.1 (NR) NR NS 

NRCS High General QoL SF-36: Vitality (0-
100) 

2 y All 35 65.7 (NR) 55 62.4 (NR) NR NS 

NRCS High General QoL SF-36: General 
mental health (0-100) 

2 y All 35 77.6 (NR) 55 77 (NR) NR NS 

NRCS High General QoL Body Image (9-45) 2 y All 35 32.5 (NR) 55 35.3 (NR) NR NS 
Eltahir, 2015, 
25539295, 
Netherlands 

NRCS Moderate Psychosocial 
WB 

BREAST-Q: Psycho-
social WB (0-100) 

2.2 y All 45 77.2 (18.1) 47 74.0 
(17.8) 

4.6 (−2.8, 12.0) 0.22 

NRCS Moderate Psychosocial 
WB 

SF-36: Social 
functioning (0-100) 

2.2 y All NR NR NR NR −1.21 (−8.44, 6.02) 0.74 

Kulkarni, 
2017, 
28713853, 
US & 
Canada 

NRCS Moderate Psychosocial 
WB 

BREAST-Q: Psycho-
social WB (0-100) 

1 y All 791 71.8 (19) 386 74.7 
(19.2) 

3.7 (0.73, 6.76) 0.015 

NRCS Moderate Psychosocial 
WB 

BREAST-Q: Psycho-
social WB (0-100) 

2 y All 1490 74.5 (18.9) 523 75.8 (19) 3.27 (1.25, 5.29) NR 

NRCS Moderate Psychosocial 
WB 

BREAST-Q: Psycho-
social WB (0-100) 

2 y Unilateral 600 74.6 (18.7) 317 76.8 
(18.9) 

4.84 (NR) NR 

NRCS Moderate Psychosocial 
WB 

BREAST-Q: Psycho-
social WB (0-100) 

2 y Bilateral 994 74.5 (19) 224 73.4 (19) 0.91 (NR) NR 

NRCS Moderate Psychosocial 
WB 

PROMIS: Anxiety (0-
100) 

1 y All 775 49.7 (9.4) 383 50.4 (9.6) 0.70 (−0.75, 2.08) 0.36 

NRCS Moderate Psychosocial 
WB 

PROMIS: Depression 
(0-100) 

1 y All 776 47.3 (8) 385 47.9 (8.2) 0.40 (−0.70, 1.45) 0.50 

Roth, 2007, 
17413877, 
US 

NRCS High Psychosocial 
WB 

FACT-B: Social/ 
family WB (0-28) 

2 y All 35 19.3 (NR) 55 20.3 (NR) NR 0.24 

NRCS High Psychosocial 
WB 

SF-36: Social 
functioning (0-100) 

2 y All 35 87.9 (NR) 55 87.7 (NR) NR ≥0.05 

Eltahir, 2015, 
25539295, 
Netherlands 

NRCS Moderate Sexual WB BREAST-Q: Sexual 
well-being (0-100) 

2.2 y All 45 61.14 
(24.17) 

47 60.89 
(20.82) 

6.44 (−3.56, 16.5) 0.20 
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Study, Year, 
PMID, 
Country 

Design Overall 
RoB 

Outcome Outcome 
Measurement 

Time 
Point  

Subgroup IBR, 
N 

IBR, Mean 
(SD) 

AR, 
N 

AR, Mean 
(SD) 

AR vs. IBR, 
Adjusted Mean 
Difference (95% CI) 

P 
Value 

Kulkarni, 
2017, 
28713853, 
US & 
Canada 

NRCS Moderate Sexual WB BREAST-Q: Sexual 
WB (0-100) 

1 y All 756 53 (21.1) 370 55.4 
(19.8) 

4.5 (1.52, 7.48) 0.003 

NRCS Moderate Sexual WB BREAST-Q: Sexual 
WB (0-100) 

2 y All 1490 53.9 (21.3) 523 57.1 
(21.7) 

5.53 (−2.95, 8.11) 
 

NR 

NRCS Moderate Sexual WB BREAST-Q: Sexual 
WB (0-100) 

2 y Unilateral 600 52.8 (20.5) 317 58.9 
(20.6) 

11.42 (NR) <0.001 

NRCS Moderate Sexual WB BREAST-Q: Sexual 
WB (0-100) 

2 y Bilateral 994 54.7 (21.5) 214 54.4 (23) 4.2 (NR) <0.001 

Eltahir, 2015, 
25539295, 
Netherlands 

NRCS Moderate Satisfaction 
with 
aesthetics 

BREAST-Q: 
Satisfaction with 
breast (0-100) 

2.2 y All 45 65.51 
(17.55) 

47 75.19 
(17.09) 

8.16 (1.18, 15.2) 0.023 

NRCS Moderate Satisfaction 
with 
aesthetics 

BREAST-Q: 
Satisfaction with 
nipples (0-100) 

2.2 y All 45 63.62 
(33.99) 

47 65.31 
(27.82) 

1.70 (−14.2, 17.6) 0.83 

Kulkarni, 
2017, 
28713853, 
US & 
Canada 

NRCS Moderate Satisfaction 
with 
aesthetics 

BREAST-Q: 
Satisfaction with 
breast (0-100) 

1 y All 795 64 (16.8) 388 67.8 
(17.2) 

6.30 (3.41, 9.09) <0.001 

NRCS Moderate Satisfaction 
with 
aesthetics 

BREAST-Q: 
Satisfaction with 
breast (0-100) 

2 y All 1490 64.2 (18) 523 68.5 
(18.3) 

7.94 (5.68, 10.2) NR 

NRCS Moderate Satisfaction 
with 
aesthetics 

BREAST-Q: 
Satisfaction with 
breast (0-100) 

2 y Unilateral 600 61.2 (18) 317 68.3 
(18.1) 

9.85 (NR) NR 

NRCS Moderate Satisfaction 
with 
aesthetics 

BREAST-Q: 
Satisfaction with 
breast (0-100) 

2 y Bilateral 994 66.1 (17.7) 214 68.9 
(18.6) 

5.13 (2.07, 8.17)* 0.001 

Eltahir, 2015, 
25539295, 
Netherlands 

NRCS Moderate Satisfaction 
with 
outcome 

BREAST-Q: 
Satisfaction with 
outcome (0-100) 

2.2 y All 45 74.5 (19.0) 47 81.8 
(18.7) 

4.9 (−3.1, 12.9) 0.23 

Abbreviations: adj = adjusted, BREAST-Q = breast questionnaire, CI = confidence interval, QoL = quality of life, MD = mean difference, mo = months, NR = not reported, NRCS 
= nonrandomized comparative study, PMID = Pubmed identifier, RCT = randomized controlled trial, RoB = risk of bias, SD = standard deviation, WB = well-being, y = years. 

* Confidence interval calculated based on the reported P value. 

Table 4. Key Question 1: IBR vs AR – Continuous outcomes, physical well-being 
Study, 
Year, PMID, 
Country 

Design Overall 
RoB 

Outcome 
Measurement 

Time 
Point  

Arm Subgroup N Mean (SD) Adjusted Mean Difference (95% CI) P 
Value 

Eltahir, 
2015, 

NRCS Moderate BREAST-Q: 
Physical WB (0-100) 

2.2 y IBR All 45 71.89 
(15.06) 

Ref Ref 
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Study, 
Year, PMID, 
Country 

Design Overall 
RoB 

Outcome 
Measurement 

Time 
Point  

Arm Subgroup N Mean (SD) Adjusted Mean Difference (95% CI) P 
Value 

25539295, 
Netherlands 
 

NRCS Moderate BREAST-Q: 
Physical WB (0-100) 

2.2 y AR All 47 77.13 
(17.11) 

−2.60 (−9.77, 4.57) 0.47 

NRCS Moderate SF-36: Physical 
function (0-100) 

2.2 y IBR All 45 NR Ref Ref 

NRCS Moderate SF-36: Physical 
function (0-100) 

2.2 y AR All NR NR 2.13 (−4.20, 8.46) 0.51 

Kulkarni, 
2017, 
28713853, 
US & 
Canada 

NRCS Moderate BREAST-Q: Chest 
(0-100) 

1 y IBR (all) All 791 76.7 (14.5) Ref Ref 

NRCS Moderate BREAST-Q: Chest 
(0-100) 

1 y AR (all) All 386 74.9 (15.1) 1.60 (−0.57, 3.68) 0.003 

NRCS Moderate BREAST-Q: Chest 
(0-100) 

2 y IBR (all) All NR NR NR NR 

NRCS Moderate BREAST-Q: Chest 
(0-100) 

2 y IBR (all) Unilateral 600 77.2 (13.8) NR NR 

NRCS Moderate BREAST-Q: Chest 
(0-100) 

2 y IBR (all) Bilateral 994 77.3 (14.6) NR NR 

NRCS Moderate BREAST-Q: Chest 
(0-100) 

2 y AR (all) All NR NR NR NR 

NRCS Moderate BREAST-Q: Chest 
(0-100) 

2 y AR (all) Unilateral 317 76.3 (15.4) vs. IBR (Unilateral): 1.77 (−1.17, 
4.71)* 

0.238 

NRCS Moderate BREAST-Q: Chest 
(0-100) 

2 y AR (all) Bilateral 224 74.5 (15.4) vs. IBR (Bilateral): 0.57 (−1.40, 
2.54)* 

0.57 

NRCS Moderate BREAST-Q: Chest, 
upper body (0-100) 

2 y IBR (all) All 1490 NR NR NR 

NRCS Moderate BREAST-Q: Chest, 
upper body (0-100) 

2 y IBR DTI All 93 NR Ref Ref 

NRCS Moderate BREAST-Q: Chest, 
upper body (0-100) 

2 y IBR TE All 1263 NR vs. IBR (DTI): 0.92 (−2.82, 4.66)* 0.63 

NRCS Moderate BREAST-Q: Chest, 
upper body (0-100) 

2 y AR (all) All 1523 75.6 (15.4) vs. IBR (all): 1.69 (0.13, 3.24) NR 

NRCS Moderate BREAST-Q: Chest, 
upper body (0-100) 

2 y AR with DIEP All 350 NR vs. IBR (TE): −1.44 (−4.11, 1.23)* 0.29 

NRCS Moderate BREAST-Q: Chest, 
upper body (0-100) 

2 y AR with free 
TRAM 

All 87 NR vs. IBR (TE): −0.62 (−4.78, 3.54)* 0.77 

NRCS Moderate BREAST-Q: Chest, 
upper body (0-100) 

2 y AR with 
pedicled 
TRAM 

All 77 NR vs. IBR (TE): −3.93 (−8.15, 0.29)* 0.068 

NRCS Moderate PROMIS: Pain 
interference (0-100) 

2 y IBR (all) All 773 46 (7.5) Ref Ref 

NRCS Moderate PROMIS: Pain 
interference (0-100) 

2 y AR (all) All 384 48.4 (8.4) 1.10 (0.01, 2.25) 0.048 
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Study, 
Year, PMID, 
Country 

Design Overall 
RoB 

Outcome 
Measurement 

Time 
Point  

Arm Subgroup N Mean (SD) Adjusted Mean Difference (95% CI) P 
Value 

NRCS Moderate PROMIS: Physical 
function (0-100) 

1 y IBR (all) All 777 52.2 (6.8) Ref Ref 

NRCS Moderate PROMIS: Physical 
function (0-100) 

1 y AR (all) All 385 50.1 (7.2) −0.60 (−1.51, 0.39) 0.25 

NRCS Moderate PROMIS: Physical 
function (0-100) 

2 y IBR (all) All NR NR NR NR 

NRCS Moderate PROMIS: Physical 
function (0-100) 

2 y IBR (all) Unilateral 600 52.6 (6.5) NR NR 

NRCS Moderate PROMIS: Physical 
function (0-100) 

2 y IBR (all) Bilateral 994 52.8 (6.3) NR NR 

NRCS Moderate PROMIS: Physical 
function (0-100) 

2 y AR (all) All NR NR NR NR 

NRCS Moderate PROMIS: Physical 
function (0-100) 

2 y AR (all) Unilateral 317 51.3 (7.3) vs. IBR (unilateral): −0.14 (−1.42, 
1.14)* 

0.83 

NRCS Moderate PROMIS: Physical 
function (0-100) 

2 y AR (all) Bilateral 214 49.8 (7.6) vs. IBR (bilateral): −1.21 (−2.47, 
0.05)* 

0.06 

McCarthy, 
2014, 
24201740, 
US 
. 

NRCS Moderate BREAST-Q: 
Physical WB (0-100) 

1-5 y IBR All 141 76.5 (16) Ref Ref 

NRCS Moderate BREAST-Q: 
Physical WB (0-100) 

1-5 y AR All 74 82.5 (15.3) NR <0.05 

Abbreviations: adj = adjusted, BREAST-Q = breast questionnaire, CI = confidence interval, DIEP = deep inferior epigastric perforator, DTI = direct to implant, MD = mean 
difference, mo = months, NR = not reported, NRCS = nonrandomized comparative study, PMID = Pubmed identifier, PROMIS: Patient Reported Outcomes Measurement 
Information System, RCT = randomized controlled trial, Ref = reference group, RoB = risk of bias, SD = standard deviation, WB = well-being, y = years. 

* Confidence interval calculated based on the reported P value. 

Table 5. Key Question 1: IBR vs AR – Categorical outcomes, physical well-being and recurrence of breast cancer 
Study, Year, 
PMID, Country 

Design Overall 
RoB 

Outcome Outcome Measurement Time 
Point 

IBR, n/N (%) AR, n/N (%) Adjusted Odds 
Ratio (95% CI) 

P 
Value 

Nelson, 2019, 
31356276, US 

NRCS High Physical WB Higher BREAST-Q: Chest  1 y NR/1342 (NR) NR/194 (NR) 0.96 (0.67, 1.38) NS 
NRCS High Physical WB Higher BREAST-Q: Chest  3 y NR/1085 (NR) NR/98 (NR) 1.4 (0.83, 2.34) NS 
NRCS High Physical WB Higher BREAST-Q: Chest  5 y NR/743 (NR) NR/41 (NR) 4.52 (2.03, 10.1) <0.001 
NRCS High Physical WB Higher BREAST-Q: Chest  7 y NR/377 (NR) NR/19 (NR) 3.08 (1.03, 9.15) 0.043 

Ha, 2020, 
32000718, 
South Korea 

NRCS High Breast cancer 
recurrence 

High histologic grade 
(Grade III) breast cancer 

4.8 y 14/247 (5.7) 24/249 (9.6) 3.39 (1.23, 9.32) 0.018 

NRCS High Breast cancer 
recurrence 

Locoregional breast cancer 4.8 y 9/247 (3.6) 11/249 (4.4) NR 0.70 

Abbreviations: AR = autologous reconstruction, BREAST-Q = breast questionnaire, CI = confidence interval, NR = not reported, NRCS = nonrandomized comparative study, NS 
= not significant, PMID = PubMed identifier, RoB = risk of bias, WB = well-being, y = years. 
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Table 6. Key Question 1: IBR vs AR – Categorical outcomes, patient satisfaction with aesthetics and with outcome 
Study, Year, 
PMID, Country 

Design Overall 
RoB 

Outcome 
Measurement 

Time 
Point 

Arm n/N (%) Comparison Adjusted Odds 
Ratio (95% CI) 

P 
Value 

Yueh, 2009, 
19228537, US 

NRCS High Aesthetic satisfaction NR IBR 42/87 (48.3) Ref Ref Ref 
NRCS High Aesthetic satisfaction NR AR NR/389 (NR)  vs. IBR 1.43 (1.18, 1.73) NR 
NRCS High Aesthetic satisfaction NR AR with DIEP NR/117 (NR) vs. AR with TRAM 0.67 (0.37, 1.23) NR 
NRCS High Aesthetic satisfaction NR AR with TRAM 102/143 (71.3) vs. IBR 3.49 (1.91, 6.40) NR 
NRCS High Aesthetic satisfaction NR AR with LD  68/112 (60.7) vs. IBR 

vs. AR with TRAM 
1.99 (1.09, 3.65) 
0.78 (0.54, 1.14) 

NR 
NR 

NRCS High General satisfaction 
with surgical outcome 

NR IBR 49/87 (56.3) Ref Ref Ref 

NRCS High General satisfaction 
with surgical outcome 

NR AR NR/389 (NR)  vs. IBR 1.83 (1.11, 3.03) NR 

NRCS High General satisfaction 
with surgical outcome 

NR AR with DIEP NR/117 (NR) vs. AR with TRAM 0.82 (0.33, 2.01) NR 

NRCS High General satisfaction 
with surgical outcome 

NR AR with TRAM 98/143 (68.5) vs. IBR 2.05 (1.13, 3.72) NR 

NRCS High General satisfaction 
with surgical outcome 

NR AR with LD  63/112 (56.3) vs. IBR 
vs. AR with TRAM 

1.12 (0.64, 2.12) 
0.77 (0.53, 1.11) 

NR 
NR 

Abbreviations: AR = autologous reconstruction, CI = confidence interval, DIEP = deep inferior epigastric perforator, LD = latissimus dorsi, RCT = randomized controlled trial, 
PMID = PubMed identifier, Ref = reference group, RoB = risk of bias, TRAM = transverse rectus abdominis myocutaneous. 

Table 7. Question 1: IBR vs AR – Categorical outcomes (NRCSs), mortality, unplanned repeat hospitalizations, necrosis, wound 
dehiscence, delayed healing, seroma, and hematoma 

Study, Year, 
PMID, Country 

Overall 
RoB 

Outcome Outcome 
Description 

Time 
Point 

IBR n/N (%) AR n/N (%) Adjusted Odds Ratio 
(95% CI) for AR vs. IBR 

P 
Value 

Jiang, 2013, 
24349366, US 

High Mortality Overall mortality 8.9 y 241/1412 (17.1) 503/2649 (19.0) 0.96 (0.89, 1.04) NR 
High Mortality Breast cancer-

specific mortality 
8.9 y 209/1412 (14.8) 432/2649 (16.3) 0.95 (0.87, 1.04) NR 

Merchant, 2015, 
26111325, US 

High Unplanned repeat 
hospitalizations 

Any unplanned 
readmission 

1 mo 338/10437 (3.24) 95/2329 (4.08) 1.07 (0.95, 1.20) NR 

Mioton, 2013, 
23562485, US 

Moderate Unplanned repeat 
hospitalizations 

Any unplanned 
readmission 

1 mo 172/3960 (4.34) 56/1052 (5.32) NR NS 

Nasser, 2018, 
30204678 

High Unplanned repeat 
hospitalizations 

Unplanned ED 
visits 

1 mo NR/28124 (NR) NR/4773 (NR) 1.11 (0.91, 1.25) 0.18 

High Unplanned repeat 
hospitalizations 

Unplanned ED 
visits with pain-
related diagnosis 

1 mo NR/28124 (NR) NR/4773 (NR) 1.11 (0.83, 1.67) 0.41 

Abedi, 2016, 
25003437, 
Canada 

High Necrosis Mastectomy flap 
necrosis 

1.6-1.9 
y 

70/606 (11.6) 60/395 (15.2) 0.66 (0.38, 1.16) 0.15 
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Study, Year, 
PMID, Country 

Overall 
RoB 

Outcome Outcome 
Description 

Time 
Point 

IBR n/N (%) AR n/N (%) Adjusted Odds Ratio 
(95% CI) for AR vs. IBR 

P 
Value 

de Araujo, 2016, 
27673527, US 

High Necrosis Major 
mastectomy flap 
necrosis 

4.3 y NR/38 (NR) NR/32 (NR) 17.9 (0.52, 610.5) 0.11 

Naoum, 2020, 
31756414, US 

High Necrosis Mastectomy flap 
necrosis  

4-10 y 26/633 breasts 
(4.1) 

16/342 breasts 
(4.7) 

0.83 (0.19, 3.50) 0.8 

High Necrosis Fat necrosis 4-10 y 1/633 breasts 
(0.2) 

24/342 breasts 
(7.0) 

21.2 (2.5, 174.5) 0.004 

Woo, 2018, 
30360958, South 
Korea 

High Necrosis Mastectomy flap 
necrosis 

NR  14/60 (23.3) 7/70 (10) 0.31 (0.11, 0.86) 0.02 

Mioton, 2013, 
23562485, US 

Moderate Thromboembolic 
events 

DVT 1 mo 27/9786 (0.28) 20/3296 (0.61) 0.99 (0.41, 2.41) NR 

Moderate Thromboembolic 
events 

PE 1 mo 17/9786 (0.17) 17/3296 (0.52) 1.84 (0.71, 4.77) NR 

Momeni, 2018, 
29095189, US 

High Thromboembolic 
events 

DVT or PE 3 mo 65/16851 (3.85) 815/4622 
(17.63) 

2.27 (1.79, 2.86) NR 

Garvey, 2012, 
23096600, US 

Moderate Wound 
dehiscence 

NR NR  28/442 breasts 
(6.3) 

25/548 breasts 
(4.6) 

NR 0.25 

Mioton, 2013, 
23562485, US 

Moderate Wound 
dehiscence 

Wound disruption 1 mo 44*/9786 (0.44) 41*/3296 (1.24) 1.79 (0.83, 3.84) NR 

Fischer, 2013, 
23629074, US 

High Delayed healing Delayed breast 
wound healing 

NR 9/60 (15) 52/142 (36.6) 2.2 (1.0, 5.2) 
 

0.06 

Garvey, 2012, 
23096600, US 

Moderate Delayed healing NR NR 19/442 breasts 
(4.3) 

41/548 breasts 
(7.5) 

NR 0.01 

Fischer, 2014, 
24916480, US 

High Seroma Breast seroma 1.8-2.1 
y 

13/155 (8.1) 4/155 (2.8) NR 0.009 

Garvey, 2012, 
23096600, US 

Moderate Seroma Breast seroma or 
hematoma 

NR 61/442 breasts 
(13.8) 

27/548 breasts 
(4.9) 

NR <0.001 

Fischer, 2014, 
24916480, US 

High Hematoma Breast hematoma 1.8-2.1 
mo 

4/155 (2.4) 4/155 (2.8) NR 1.0 

Abbreviations: AR = autologous reconstruction, CI = confidence interval, DVT = deep vein thrombosis, ED = emergency department, IBR = implant-based reconstruction, N/A = 
not applicable, NR = not reported, NRCS = nonrandomized comparative study, PE = pulmonary embolism, PMID = PubMed identifier, RoB = risk of bias, y = years. 

Table 8. Question 1: IBR vs AR – Categorical outcomes (NRCSs), unplanned repeat surgeries for revision, unplanned repeat surgeries 
for complications, pain, infections not explicitly implant-related, and reconstructive failure 

Study, 
Year, 
PMID, 
Country 

Overall 
RoB 

Outcome Outcome Description Time 
Point 

Arm Subgroup n/N (%) Adjusted Odds Ratio 
(95% CI) 

P 
Value 

Fischer, 
2014, 

High Unplanned repeat 
surgery for revision 

Unplanned revision <6 
mo 

IBR All 8/155 
(5.2) 

Ref Ref 
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Study, 
Year, 
PMID, 
Country 

Overall 
RoB 

Outcome Outcome Description Time 
Point 

Arm Subgroup n/N (%) Adjusted Odds Ratio 
(95% CI) 

P 
Value 

24916480, 
US 

High Unplanned repeat 
surgery for revision 

Unplanned revision <6 
mo 

AR All 6/155 
(3.9) 

NR 0.56 

High Unplanned repeat 
surgery for revision 

Unplanned revision <1 y IBR All 17/155 
(11.0) 

Ref Ref 

High Unplanned repeat 
surgery for revision 

Unplanned revision <1 y AR All 7/155 
(4.5) 

NR 0.017 

High Unplanned repeat 
surgery for revision 

Unplanned revision <2 y IBR All 21/155 
(13.5) 

Ref Ref 

High Unplanned repeat 
surgery for revision 

Unplanned revision <2 y AR All 7/155 
(4.5) 

NR 0.003 

Kulkarni, 
2017, 
28713853, 
US & 
Canada 

Moderate Unplanned repeat 
surgery for revision 

Unplanned revision 2 y IBR DTI All  31/93 
(33.3) 

vs. IBR with TE: 0.58 
(0.35, 0.96) 

0.035 

Moderate Unplanned repeat 
surgery for revision 

Unplanned revision 2 y IBR TE All 503/1263 
(39.8) 

Ref Ref 

Moderate Unplanned repeat 
surgery for revision 

Unplanned revision 2 y AR with 
DIEP 

All 223/350 
(63.7) 

vs. IBR with TE: 2.66 
(1.83, 3.86) 

<0.001 

Moderate Unplanned repeat 
surgery for revision 

Unplanned revision 2 y AR with free 
TRAM 

All 56/87 
(64.4) 

vs. IBR with TE: 2.26 
(1.35, 3.78) 

0.002 

Moderate Unplanned repeat 
surgery for revision 

Unplanned revision 2 y AR with 
pedicled 
TRAM 

All 40/77 
(57.1) 

vs. IBR with TE: 1.34 
(0.75, 2.40) 

0.33 

Moderate Unplanned repeat 
surgery for revision 

Unplanned revision 2 y AR with LD All 41/64 
(64.1) 

vs. IBR with TE: 1.97 
(1.07, 3.64) 

0.031 

Moderate Unplanned repeat 
surgery for revision 

Unplanned revision 2 y AR with 
SIEA 

All 33/62 
(53.2) 

vs. IBR with TE: 1.83 
(0.93, 3.60) 

0.079 

Zhang, 
2019, 
30675702, 
China 

High Unplanned repeat 
surgery for revision 

Unplanned reoperation 4.9 y IBR All 230/394 
(58.4) 

Ref Ref 

High Unplanned repeat 
surgery for revision 

Unplanned reoperation 4.9 y AR All 154/438 
(35.2) 

vs. IBR: 0.72 (0.50, 
1.06) 

0.093 

Hangge, 
2013, 
31606126, 
US 

High Unplanned repeat 
surgery for 
complications 

NR NR IBR DTI All 81/193 
(42) 

vs. AR: 2.03 (1.03, 
3.98) 

0.042 

High Unplanned repeat 
surgery for 
complications 

NR NR IBR TE All 58/146 
(40) 

vs. AR: 1.81 (0.90, 
3.64) 

0.096 

High Unplanned repeat 
surgery for 
complications 

NR NR AR All 17/60 (28) Ref Ref 



 

33 

Study, 
Year, 
PMID, 
Country 

Overall 
RoB 

Outcome Outcome Description Time 
Point 

Arm Subgroup n/N (%) Adjusted Odds Ratio 
(95% CI) 

P 
Value 

Mioton, 
2013, 
23562485, 
US 

Moderate  Unplanned repeat 
surgery for 
complications 

NR 1 mo IBR All 662/9786 
(6.76) 

1.08 (0.88, 1.32) NR 

. Unplanned repeat 
surgery for 
complications 

NR 1 mo AR All 316/3296 
(9.59) 

Ref Ref 

Zhang, 
2019, 
30675702, 
China 

High Unplanned repeat 
surgery for 
complications 

Urgent surgery for a 
compromised implant/flap 

4.9 y IBR All 31/394 
(7.9) 

vs. AR: 0.63 (0.29, 
1.37) 

NR 

High Unplanned repeat 
surgery for 
complications 

Urgent surgery for a 
compromised implant/flap 

4.9 y AR All 33/438 
(7.5) 

Ref Ref 

Kulkarni, 
2017, 
28713853, 
US & 
Canada 

Moderate Pain VAS: Moderate to severe 2 y IBR DTI All NR vs. IBR with TE: 0.54 
(0.17, 1.69)* 

0.29 

Moderate Pain VAS: Moderate to severe 2 y IBR TE All NR Ref Ref 
Moderate Pain VAS: Moderate to severe 2 y AR with 

DIEP 
All NR vs. IBR with TE: 1.22 

(0.73, 2.04)* 
0.45 

Moderate Pain VAS: Moderate to severe 2 y AR with free 
TRAM 

All NR vs. IBR with TE: 1.73 
(0.73, 4.08)* 

0.21 

Moderate Pain VAS: Moderate to severe 2 y AR with 
pedicled 
TRAM 

All NR vs. IBR with TE: 1.64 
(0.68, 3.95)* 

0.27 

Moderate Pain VAS: Moderate to severe 2 y AR with LD All NR vs. IBR with TE: 0.94 
(0.28, 3.14)* 

0.92 

Moderate Pain VAS: Moderate to severe 2 y AR with 
SIEA 

All NR vs. IBR with TE: 1.43 
(0.57, 3.62)* 

0.45 

de Araujo, 
2016, 
27673527, 
US 

High Infections not explicitly 
implant-related 

SSI 4.3 y IBR All NR/38 
(NR) 

vs. AR 0.86 (0.18, 
4.11) 

0.847 

High Infections not explicitly 
implant-related 

SSI 4.3 y AR All NR/32 
(NR) 

Ref Ref 

Garvey, 
2012, 
23096600, 
US 

Moderate Infections not explicitly 
implant-related 

Infections NR  IBR All 50/442 
breasts 
(11.3) 

Ref Ref 

Moderate Infections not explicitly 
implant-related 

Infections NR  AR All 21/548 
breasts 
(3.8) 

vs. IBR: NR <0.001 

Kulkarni, 
2017, 
28713853, 

Moderate Infections not explicitly 
implant-related 

Breast WI 2 y IBR All NR NR NR 

Moderate Infections not explicitly 
implant-related 

Breast WI 2 y IBR DTI All 17/112 
(15.2) 

vs IBR TE: 1.70 (0.91, 
3.18) 

0.1 
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Study, 
Year, 
PMID, 
Country 

Overall 
RoB 

Outcome Outcome Description Time 
Point 

Arm Subgroup n/N (%) Adjusted Odds Ratio 
(95% CI) 

P 
Value 

US & 
Canada 

Moderate Infections not explicitly 
implant-related 

Breast WI 2 y IBR TE All 159/1525 
(10.4) 

Ref Ref 

Moderate Infections not explicitly 
implant-related 

Breast WI 2 y AR (all) All NR NR NR 

Moderate Infections not explicitly 
implant-related 

Breast WI 2 y AR with 
DIEP  

All 27/390 
(6.9) 

vs IBR TE: 0.44 (0.25, 
0.78) 

0.005 

Moderate Infections not explicitly 
implant-related 

Breast WI 2 y AR with free 
TRAM 

All 5/95 (5.3) vs IBR TE: 0.45 (0.17, 
1.18) 

0.10 

Moderate Infections not explicitly 
implant-related 

Breast WI 2 y AR with 
pedicled 
TRAM 

All 8/85 (9.4) vs IBR TE: 0.73 (0.31, 
1.70) 

0.46 

Moderate Infections not explicitly 
implant-related 

Breast WI 2 y AR with LD All 6/71 (8.5) vs IBR TE: 0.50 (0.15, 
1.56) 

0.23 

Moderate Infections not explicitly 
implant-related 

Breast WI 2 y AR with 
SIEA 

All 8/65 
(12.3) 

vs IBR TE: 0.67 (0.25, 
1.82) 

0.43 

Mioton, 
2013, 
23562485, 
US 

Moderate Infections not explicitly 
implant-related 

WI 1 mo IBR All 338/9786 
(3.45) 

Ref Ref 

Moderate Infections not explicitly 
implant-related 

WI 1 mo AR All 180/3296 
(5.46) 

vs IBR: 1.40 (1.01, 
1.96) 

NR 

Moderate Infections not explicitly 
implant-related 

Superficial SSI 1 mo IBR All 163/9786 
(1.67) 

Ref Ref 

Moderate Infections not explicitly 
implant-related 

Superficial SSI 1 mo AR All 97/3296 
(2.95) 

vs IBR: 1.20 (0.81, 
1.76) 

NR 

Moderate Infections not explicitly 
implant-related 

Deep SSI 1 mo IBR All 195/9786 
(1.07) 

Ref Ref 

Moderate Infections not explicitly 
implant-related 

Deep SSI 1 mo AR All 65/3296 
(1.97) 

vs IBR: 1.81 (1.12, 
2.94) 

NR 

Naoum, 
2020, 
31756414, 
US 

High Infections not explicitly 
implant-related 

NR 4-10 
y 

IBR All 23/633 
breasts 
(3.6) 

Ref Ref 

High Infections not explicitly 
implant-related 

NR 4-10 
y 

AR All 9/342 
breasts 
(2.6) 

vs IBR: 0.77 (0.20, 
2.50) 

0.67 

Chetta, 
2017, 
28002254, 
US  

High Reconstructive failure NR 1.3 
mo 

IBR All 1101/3746 
(29.4) 

Ref Ref 

High Reconstructive failure NR 1.3 
mo 

AR All 40/935 
(4.3) 

vs IBR: 0.09 (0.07, 
0.13) 

<0.001 
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Study, 
Year, 
PMID, 
Country 

Overall 
RoB 

Outcome Outcome Description Time 
Point 

Arm Subgroup n/N (%) Adjusted Odds Ratio 
(95% CI) 

P 
Value 

Fischer, 
2013, 
23629074, 
US 

High Reconstructive failure Flap loss in AR or 
unplanned, nonaesthetic 
TE/I removal related to a 
complication in IBR 

NR  IBR All 4/60 (7.3) Ref Ref 

High Reconstructive failure Flap loss in AR or 
unplanned, nonaesthetic 
TE/I removal related to a 
complication in IBR 

NR  AR All 2/142 
(1.3) 

vs IBR: 0.19 (0.04, 
0.80) 

0.03 

Garvey, 
2012, 
23096600, 
US 

Moderate Reconstructive failure NR NR  IBR All 70/442 
breasts 
(15.8) 

Ref Ref 

Moderate Reconstructive failure NR NR  AR All 8/548 
breasts 
(1.5) 

vs IBR: NR <0.001 

Kulkarni, 
2017, 
28713853, 
US & 
Canada 

Moderate Reconstructive failure NR 2 y IBR (all) All NR Ref Ref 
Moderate Reconstructive failure NR 2 y IBR (all) Unilateral 41/600 

(6.83) 
NR NR 

Moderate Reconstructive failure NR 2 y IBR (all) Bilateral 74/994 
(7.44) 

NR NR 

Moderate Reconstructive failure NR 2 y AR (all) All NR NR NR 
Moderate Reconstructive failure NR 2 y AR (all) Unilateral 4/317 

(1.26) 
vs. IBR (all): 0.12 
(0.04, 0.36) 

<0.001 

Moderate Reconstructive failure NR 2 y AR (all) Bilateral 4/224 
(1.87) 

vs. IBR (all): 0.14 
(0.05, 0.45) 

0.001 

Mioton, 
2013, 
23562485, 
US 

Moderate Reconstructive failure Implant or flap failure 1 mo IBR All 83/9786 
(0.85) 

Ref Ref 

Moderate Reconstructive failure Implant or flap failure 1 mo AR All 10/3296 
(3.13) 

vs. IBR: 1.69 (1.08, 
2.62) 

NR 

Abbreviations: adj = adjusted, AR = autologous reconstruction, CI = confidence interval, DIEP = deep inferior epigastric perforator, DTI = direct to implant, IBR = implant-based 
reconstruction, LD = latissimus dorsi, mo = months, N/A = not applicable, NR = not reported, NRCS = nonrandomized comparative study, PMID = PubMed identifier, Ref = 
reference group, RoB = risk of bias, SIEA = superficial inferior epigastric artery, SSI = surgical site infection, TE = tissue expander, TRAM = transverse rectus abdominis 
myocutaneous, VAS = Visual Analog Scale, WI = wound infection, y = years. 

* Confidence interval calculated based on the reported P value. 
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Table 9: Key Question 1: IBR vs AR – Continuous outcomes (NRCSs), pain  
Study, Year, 
PMID, 
Country 

Outcome Measurement Overall 
RoB 

Time 
Point  

Arm N Mean 
(SD) 

Adjusted Mean Difference 
(95% CI) 

P Value 

Eltahir, 2015, 
25539295, 
Netherlands 

SF-36: Pain (0-100) Moderate 2.2 y IBR NR NR Ref Ref 
SF-36: Pain (0-100) Moderate 2.2 y AR NR NR vs. IBR: 2.40 (−5.37, 10.2) 0.54 

Kulkarni, 
2017, 
28713853, 
US & Canada 

MPQ-SF: Sensory (0-10) Moderate 1 w IBR (all) 1846 NR Ref Ref 
MPQ-SF: Sensory (0-10) Moderate 1 w IBR Direct NR NR NR NR 
MPQ-SF: Sensory (0-10) Moderate 1 w IBR TE NR NR NR NR 
MPQ-SF: Sensory (0-10) Moderate 1 w AR (all) 463 NR NR NR 
MPQ-SF: Sensory (0-10) Moderate 1 w AR with DIEP 111 NR vs. IBR (all): −1.20 (−2.11, 

−0.29)* 
0.01 

MPQ-SF: Sensory (0-10) Moderate 1 w AR with free TRAM 94 NR vs. IBR (all): 0.26 (−1.16, 1.69)* 0.72 
MPQ-SF: Sensory (0-10) Moderate 1 w AR with pedicled 

TRAM 
NR NR vs. IBR (all): −1.04 (−2.53, 0.45)* 0.17 

MPQ-SF: Sensory (0-10) Moderate 1 w AR with LD 80 NR vs. IBR (all): 0.35 (−1.37, 2.07)* 0.69 
MPQ-SF: Sensory (0-10) Moderate 1 w AR with SIEA 73 NR vs. IBR (all): 2.41 (0.38, 4.44)* 0.02 
MPQ-SF: Sensory (0-10) Moderate 3 mo IBR (all) NR NR NR NR 
MPQ-SF: Sensory (0-10) Moderate 3 mo IBR Direct 96 4.2 (NR) vs. IBR TE: 0.00 (−1.55, 1.57)* 0.99 
MPQ-SF: Sensory (0-10) Moderate 3 mo IBR TE 1329 5.7 (NR) Ref Ref 
MPQ-SF: Sensory (0-10) Moderate 3 mo AR (all) NR NR NR NR 
MPQ-SF: Sensory (0-10) Moderate 3 mo AR with DIEP 296 4.8 (NR) vs. IBR TE: 1.10 (0.35, 1.85)* 0.004 
MPQ-SF: Sensory (0-10) Moderate 3 mo AR with free TRAM 83 6.7 (NR) vs. IBR TE: 2.48 (NR) <0.001 
MPQ-SF: Sensory (0-10) Moderate 3 mo AR with pedicled 

TRAM 
91 5 (NR) vs. IBR TE: 1.19 (−0.14, 2.52)* 0.08 

MPQ-SF: Sensory (0-10) Moderate 3 mo AR with LD 62 5.4 (NR) vs. IBR TE: 0.42 (−1.19, 2.03)* 0.61 
MPQ-SF: Sensory (0-10) Moderate 3 mo AR with SIEA 56 NR vs. IBR TE: 2.37 (0.81, 3.94)* 0.003 
MPQ-SF: Affective (0-10) Moderate 1 w IBR (all) 1846 NR Ref Ref 
MPQ-SF: Affective (0-10) Moderate 1 w IBR Direct NR NR NR NR 
MPQ-SF: Affective (0-10) Moderate 1 w IBR TE NR NR NR NR 
MPQ-SF: Affective (0-10) Moderate 1 w AR (all) NR NR NR NR 
MPQ-SF: Affective (0-10) Moderate 1 w AR with DIEP 463 NR vs. IBR (all): 0.24 (−0.10, 0.58)* 0.16 
MPQ-SF: Affective (0-10) Moderate 1 w AR with free TRAM 111 NR vs. IBR (all): 0.37 (−0.15, 0.89)* 0.16 
MPQ-SF: Affective (0-10) Moderate 1 w AR with pedicled 

TRAM 
94 NR vs. IBR (all): −0.01 (−0.79, 0.77)* 0.98 

MPQ-SF: Affective (0-10) Moderate 1 w AR with LD 80 NR vs. IBR (all): 0.47 (−0.17, 1.11)* 0.15 
MPQ-SF: Affective (0-10) Moderate 1 w AR with SIEA 73 NR vs. IBR (all): −0.03 (−0.97, 0.91) 0.95 
MPQ-SF: Affective (0-10) Moderate 2 y IBR (all) 1263 NR NR NR 
MPQ-SF: Affective (0-10) Moderate 2 y IBR Direct 93 NR vs. IBR TE: 0.02 (−0.37, 0.41)* 0.92 
MPQ-SF: Affective (0-10) Moderate 2 y IBR TE 1263 NR Ref Ref 
MPQ-SF: Affective (0-10) Moderate 2 y AR (all) NR NR NR NR 
MPQ-SF: Affective (0-10) Moderate 2 y AR with DIEP 350 NR vs. IBR TE: 0.33 (0.07, 0.59)* 0.013 
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Study, Year, 
PMID, 
Country 

Outcome Measurement Overall 
RoB 

Time 
Point  

Arm N Mean 
(SD) 

Adjusted Mean Difference 
(95% CI) 

P Value 

MPQ-SF: Affective (0-10) Moderate 2 y AR with free TRAM 87 NR vs. IBR TE: 0.84 (NR) <0.001 
MPQ-SF: Affective (0-10) Moderate 2 y AR with pedicled 

TRAM 
77 NR vs. IBR TE: 0.04 (−0.47, 0.55)* 0.877 

MPQ-SF: Affective (0-10) Moderate 2 y AR with LD 64 NR vs. IBR TE: −0.13 (−0.66, 0.40)* 0.63 
MPQ-SF: Affective (0-10) Moderate 2 y AR with SIEA 62 NR vs. IBR TE: 1.24 (NR) <0.0001 
VAS (0-10) Moderate 1 w IBR (all) 1846 NR Ref Ref 
VAS (0-10) Moderate 1 w IBR Direct NR NR NR NR 
VAS (0-10) Moderate 1 w IBR TE NR NR NR NR 
VAS (0-10) Moderate 1 w AR (all) NR NR NR NR 
VAS (0-10) Moderate 1 w AR with DIEP 463 NR vs. IBR (all): −0.18 (−0.49, 0.13)* 0.25 
VAS (0-10) Moderate 1 w AR with free TRAM 111 NR vs. IBR (all): −0.19 (−0.68, 0.30)* 0.45 
VAS (0-10) Moderate 1 w AR with pedicled 

TRAM 
94 NR vs. IBR (all): −0.72 (−1.27, 

−0.17)* 
0.01 

VAS (0-10) Moderate 1 w AR with LD 80 NR vs. IBR (all): 0.01 (−0.51, 0.53)* 0.97 
VAS (0-10) Moderate 1 w AR with SIEA 73 NR vs. IBR (all): 0.21 (−0.42, 0.84)* 0.51 

Roth, 2007, 
17413877, 
US 

VAS: Bodily pain (1-5) High 2 y IBR 48 2.2 (1.2) Ref Ref 
VAS: Bodily pain (1-5) High 2 y AR 159 2.2 (1.2) vs IBR: NR NS 
VAS: Breast pain (1-5) High 2 y IBR 48 2.1 (1.3) Ref Ref 
VAS: Breast pain (1-5) High 2 y AR 159 1.8 (1.1) vs IBR: NR NS 
VAS: Abdominal pain (1-5) High 2 y IBR 48 4.8 (0.8) Ref Ref 
VAS: Abdominal pain (1-5) High 2 y AR 159 4.0 (1.2) vs IBR: NR <0.0001 
VAS: Back pain (1-5) High 2 y IBR 48 4.0 (1.3) Ref Ref 
VAS: Back pain (1-5) High 2 y AR 159 3.7 (1.5) vs IBR: NR NS 

Abbreviations: adj = adjusted, CI = confidence interval, DIEP = deep inferior epigastric perforator, LD = latissimus dorsi, MPQ-SF = McGill Pain Questionnaire-Short Form, MD 
= mean difference, MOS SF = Medical Outcomes Study Short Form, MPQ-SF = McGill Pain Questionnaire Short Form, NR = not reported, NRCS = nonrandomized comparative 
study, PMID = Pubmed identifier, Ref = reference group, RoB = risk of bias, SD = standard deviation, SIEA = superficial inferior epigastric artery, TE = tissue expander, TRAM = 
transverse rectus abdominis myocutaneous, VAS = Visual Analog Scale. 

* Confidence interval calculated based on the reported P value. 

Table 10. Key Question 1: IBR vs. AR – Evidence profile 
Outcome 
Category 

Outcome N 
Studies 
(Patients) 

RoB   Consistency Precision Directness Other SoE Conclusions 

Clinical General quality of life 2 (234) Moderate Consistent Unclear Direct None Low Comparable in both groups 
Physical well-being 4 (5212) Moderate Inconsistent Precise Direct None Insufficient Inconsistent results 
Psychosocial well-being 3 (2205) Moderate Consistent Precise Direct None Moderate Comparable in both groups 
Sexual well-being 2 (2105) Moderate Consistent Precise Direct None Moderate Clinically significant better 

sexual well-being in AR 
groups 
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Outcome 
Category 

Outcome N 
Studies 
(Patients) 

RoB   Consistency Precision Directness Other SoE Conclusions 

Patient satisfaction with 
aesthetics 

3 (4686) Moderate Consistent Precise Direct None 
 

Moderate Clinically significant better 
satisfaction in AR groups 

Patient satisfaction with 
surgical outcome 

2 (568) High Consistent Precise Direct None Low Clinically significant better 
satisfaction in AR groups 

Mortality 1 (4061) High N/A Precise Direct Sparse Insufficient None 
Surgical 
complications  

Unplanned repeat 
hospitalization 

3 (50675) High Consistent Precise Direct None Moderate Comparable in both groups 

Unplanned repeat 
surgeries for revision 

3 (3138) High Inconsistent Precise Direct None Insufficient Inconsistent results 

Unplanned repeat 
surgeries for 
complications 

3 (14313) High Inconsistent Precise Direct None Insufficient Inconsistent results 

Pain 3 (2608) Moderate Inconsistent Precise Direct None Low Comparable chronic breast 
pain in IBR and AR groups. 
Clinically significant greater 
chronic abdominal pain in 
AR groups with abdominal 
flaps (TRAM, SIEA, and 
DIEP) than IBR group. 

Necrosis 4 (2176) High Inconsistent Imprecise Direct None Insufficient None 
Thromboembolic events 2 (34555) High Consistent Precise Direct None Moderate Increased risk of pulmonary 

embolism in AR group 
Infections (not explicitly 
implant-related) 

4 (17246) Moderate Inconsistent Imprecise Direct None Insufficient Inconsistent results 

Seroma 2 (1300) Moderate Consistent Unclear Direct None Low Increased risk of breast 
seroma in IBR group 

Reconstructive Failure 5 (21090) Moderate Inconsistent Precise Direct None Insufficient Inconsistent results 
Abbreviations: AR = autologous reconstruction, DIEP = deep inferior epigastric perforator, IBR = implant-based reconstruction, N/A = not applicable, NR = not reported, RoB = 
risk of bias, SIEA = superficial inferior epigastric artery, SoE = strength of evidence, TRAM = transverse rectus abdominis myocutaneous.  

For continuous outcomes, clinical significance is based on published estimates of minimal clinically important differences (MCIDs), where available. 
Table F-1 provides the complete version of this Evidence Profile, including displaying all outcomes for which no evidence was identified. 



 

39 

Key Question 2: Timing of Implant-Based Reconstruction or 
Autologous Reconstruction in Relation to Chemotherapy and 
Radiation Therapy 

Key Points 
• We did not find any studies addressing timing of IBR or AR in relation to chemotherapy. 
• There is insufficient evidence for clinical outcomes regarding timing of IBR in relation to 

radiation therapy. 
• Whether IBR is conducted before or after radiation therapy may result in comparable risk 

of implant failure/loss or need for explant surgery (summary adjOR 0.87, 95% CI 0.65 to 
1.17; 4 studies) (Low SoE).  

• There is insufficient evidence regarding timing of IBR and risks of unplanned repeat 
surgeries for revision of reconstruction, necrosis, or seroma. 

• We did not find any studies addressing timing of AR in relation to radiation therapy. 

Key Question 2a. Chemotherapy 
None of the studies compared timing of chemotherapy relative to IBR or to AR. 

Key Question 2b. Radiation Therapy 
Four NRCSs, reported in eight articles,160-167 evaluated the timing of radiation therapy 

relative to IBR in a total of 2,537 patients. Appendix Tables C-1, D-2, D-3, and E-1.1 to E-1.26 
include full data for all 30 NRCSs, irrespective of whether they reported adjusted effect sizes. 
The studies are detailed in Appendix Tables C-3, D-2, and D-3.  

In Eriksson 2013, all patients received partial submuscular implants; other studies did not 
report the anatomic plane of implant placement. None of the studies reported additional 
information about the implants, such as surface (smooth versus textured), shape (round versus 
tear drop), or size. We rated three NRCSs to be at overall high risk of bias, mostly related to 
serious risk of confounding and the lack of blinding of participants, study personnel, and/or 
outcome assessors. We rated one NRCS (Santosa 2016) to be at overall moderate risk of bias. 

The four studies included between 150 and 1,143 women each. The studies were conducted 
in the U.S. (n=2), U.S. and Canada (n=1), and Sweden (n=1). Average ages of patients were 
similar across studies, ranging from 46 to 55 years. Average BMIs were also similar across 
studies, ranging from 23.7 to 26.3 kg/m2. In one of the North American studies (Santosa 2016) 
93 percent of patients were White and 3 percent were Black; the other studies did not report on 
race. Studies followed women for between 2 and 3.6 years. 

The study result summaries are in Tables 11 and 12 and Figure 4. Full results are in 
Appendix Tables E-2.1 to E-2.9. 

Clinical Outcomes 
One NRCS (Cordeiro 2015) compared clinical outcomes in women receiving IBR before 

versus or after radiation therapy (Table 11).  
Cordeiro 2015 evaluated five subscales of the Breast Questionnaire (BREAST-Q) at a mean 

of 3.3 years of followup. Each subscale score ranges from 0 to 100, with higher scores indicating 
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better well-being or satisfaction. For patients receiving implants, the MCID for physical well-
being has been estimated to be 3 points, psychosocial well-being 4 points, sexual well-being 5 
points, and satisfaction with breast aesthetics 5 points.156 We considered 5 points as the MCID 
for satisfaction with outcome. 

Although there were statistically significant differences in BREAST-Q scores for some 
outcomes between women who underwent reconstruction before versus after radiation therapy, 
none approached clinical significance: physical well-being (mean 73.4 vs. 72.5; P=NS), 
psychosocial well-being (72.3 vs. 71.1; P<0.01), sexual well-being (55.4 vs. 54.0; P<0.01), 
satisfaction with breast aesthetics (57.2 vs. 56.2; P=NS), and satisfaction with surgical 
outcome (70.2 vs. 68.4; P=0.02).  

Surgical Complications 
All four NRCSs reported on surgical complications comparing IBR before versus after 

radiation therapy (Table 12 and Figure 4). 
One NRCS (Eriksson 2013) reported that, at 3.6 years of followup, rates of unplanned 

repeat surgeries for revision of reconstruction were similar between women who underwent 
IBR before radiation and those who underwent IBR after radiation (adjusted hazard ratio 
[adjHR] 0.94, 95% CI 0.63 to 1.40). Similarly, one NRCS (Hirsch 2014) reported that, at 3.1 
years of followup, risks of necrosis were comparable between women who underwent IBR 
before radiation and after radiation (adjHR 0.96, 95% CI 0.68 to 1.35). 

One NRCS (Santosa 2016) reported on major and minor infections at 2 years of followup 
after IBR. Major infections were defined as those requiring treatment with intravenous 
antibiotics with or without return to surgery, while minor infections were defined as those treated 
with oral antibiotics. Although adjusted effect sizes were not reported, the authors reported that 
there were no significant differences in risks of either major (P=0.395) or minor infections 
(P=0.962) when comparing IBR before versus after radiation therapy. Santosa 2016 additionally 
reported that, at the same followup timepoint (2 years), the incidence of three other surgical 
complications were also similar between the treatment groups: wound dehiscence (P=0.324), 
seroma (P=0.456), and capsular contracture (P=0.804). 

All four NRCSs reported on implant failure/loss or need for explant surgery at average 
followup durations ranging from 2 to 3.5 years (Figure 4). Three studies reported adjORs, while 
one (Eriksson 2013) reported adjHRs. Because the events were rare (<2%) in both arms of the 
Eriksson 2013 study, we considered the adjHR to be a reliable estimate of the adjOR and 
therefore combined estimates from all four studies. The pooled analysis did not provide evidence 
for a between-group difference for the outcome of implant failure/loss or need for explant 
surgery (adjOR 0.87, 95% CI 0.65 to 1.17; I2 =32%). Effect sizes ranged from 0.62 to 1.12 across 
these studies. 
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Figure 4. Key Question 2b: Timing of IBR in relation to radiation therapy – Meta-analysis of 
implant failure/loss or need for explant surgery 

 
Abbreviations: adj = adjusted, CI = confidence interval, HR = hazard ratio = IBR = implant-based reconstruction, I2 = measure of 
statistical heterogeneity (% of total variability that is due to between-study variability), NR = not reported, OR = odds ratio, RTX 
= radiation therapy, y = years.  

Two NRCSs (Hirsch 2014 and Santosa 2016) reported that hematoma rates were similar 
between women receiving IBR before or after radiation therapy (Table 11). Hirsch 2014 reported 
data at 3.1 years of followup (adjOR 0.56, 95% CI 0.22 to 1.45), while Santosa 2016 reported 
data at 2 years of followup (P=0.632). 

The same two NRCSs (Hirsch 2014 and Santosa 2016) reported data for various composite 
or unspecified harms, each of which was similar between groups of women receiving IBR 
before or after radiation therapy. Hirsch 2014 reported data separately for any complication 
(adjOR 0.81, 95% 0.56 to 1.17), operative complications (adjOR 0.92, 95% CI 0.59 to 1.45), and 
nonoperative complications (adjOR 0.90, 95% CI 0.60 to 1.34). Santosa 2016 reported data for 
major complications, defined as those necessitating inpatient admission or surgery (adjOR 0.92, 
95% CI 0.27 to 3.18). 

Heterogeneity of Treatment Effects (Subgroup Differences) 
None of the studies reported subgroup results or other analyses of possible heterogeneity of 

treatment effects. The studies were too sparse to allow exploration of possible differences based 
on patient or other characteristics. 

Applicability 
Three of the four studies addressing this KQ were conducted in North America. All studies 

were published in the last 7 years. Generally, these studies, including the Swedish study 
(Eriksson 2013), contribute evidence that is directly applicable to the population of women 
receiving implants in the U.S. that has been shown to be between 80 and 90 percent White.14  

Summary of Comparison of Timing of Chemotherapy and 
Radiation Therapy Relative to IBR or AR 

Table 13 summarizes the evidence for the comparison of timing of chemotherapy and 
radiation therapy relative to IBR or AR. There is low SoE that the risk of implant failure/loss or 
need for explant surgery may be similar when IBR is conducted before or after radiation therapy 
(adjOR 0.87, 95% CI 0.65 to 1.17). There is no evidence to support whether the effect of IBR 
timing differs based on patient, surgeon, implant, or other characteristics. There is insufficient 
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(or no) comparative evidence regarding other outcomes related to timing of radiation therapy 
with IBR. There is no comparative evidence regarding timing of chemotherapy relative to IBR or 
AR or regarding timing of radiation therapy relative to AR. 
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Table 11. Key Question 2b: Timing of IBR in relation to radiation therapy – Continuous outcomes 
Study, 
Year, 
PMID, 
Country 

Design Overall 
RoB 

Outcome Outcome 
Measurement 

Time 
Point  

IBR 
Before 
Radiation, 
N 

IBR 
Before 
Radiation, 
Mean 
(SD) 

IBR After 
Radiation, 
N 

IBR After 
Radiation, 
Mean 
(SD) 

IBR Before 
vs. After 
Radiation, 
Adjusted MD 
(95% CI) 

P 
Value 

Cordeiro, 
2015, 
30270015, 
US 

NRCS High Physical WB BREAST-Q: Physical 
WB (0-100) 

3.3 y 84 72.5 (2.6) 22 73.4 (1.9) NR NS 

NRCS High Psychosocial WB BREAST-Q: Psycho-
social WB (0-100) 

3.3 y 84 71.1 (1.4) 22 72.3 (1.2) NR <0.01 

NRCS High Sexual WB BREAST-Q: Sexual WB 
(0-100) 

3.3 y 84 54.0 (0.9) 22 55.4 (0.7) NR <0.01 

NRCS High Patient satisfaction 
with aesthetics 

BREAST-Q: Satisfaction 
with breast (0-100) 

3.3 y 84 56.2 (3.3) 22 57.2 (3.1) NR NS 

NRCS High Patient satisfaction 
with outcome 

BREAST-Q: Satisfaction 
with outcome (0-100) 

3.3 y 84 68.4 (3.8) 22 70.2 (3.0) NR 0.02 

Abbreviations: BREAST-Q = Breast Questionnaire, CI = confidence interval, IBR = implant-based reconstruction, NR = not reported, NRCS = nonrandomized comparative study, 
NS = not significant, PMID = Pubmed identifier, RoB = risk of bias, SD = standard deviation, WB = well-being, y = years. 
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Table 12. Key Question 2b: Timing of IBR in relation to radiation therapy – Categorical outcomes (organized by outcome) 
Study, Year, 
PMID, Country 

Design Overall 
RoB 

Outcome Outcome 
Measurement 

Time 
Point 

IBR Before 
Radiation 
(%) 

IBR After 
Radiation (%) 

Effect Size (95% CI)2 P 
Value 

Eriksson, 2013, 
24258257, 
Sweden 

NRCS High Unplanned repeat 
surgeries for revision 

NR 3.6 y NR NR adjHR 0.94 (0.63, 1.40) NR 

Hirsch, 2014, 
25347643, US 

NRCS High Necrosis NR 3.1 y NR NR adjOR 0.96 (0.68, 1.35) 0.94 

Santosa, 2016, 
27673513, US 
& Canada 

NRCS Moderate  Infections (not explicitly 
implant-related) 

Major (IV antibiotics 
with/without repeat 
surgery) 

2 y 5/46 (10.9%) 7/104 (6.7%) NR 0.40 

NRCS Moderate  Infections (not explicitly 
implant-related) 

Minor (oral 
antibiotics) 

2 y 3/46 (6.5%) 7/104 (6.7%) NR 0.96 

Santosa, 2016, 
27673513, US 
& Canada 

NRCS Moderate  Wound dehiscence  NR 2 y 0/46 (0%) 5/104 (4.8%) NR 0.32 

Santosa, 2016, 
27673513, US 
& Canada 

NRCS Moderate  Seroma NR 2 y 2/46 (4.4%) 8/104 (7.7%) NR 0.46 

Santosa, 2016, 
27673513, US 
& Canada 

NRCS Moderate  Capsular contracture NR 2 y 1/46 (2.2%) 3/104 (2.9%) NR 0.80 

Santosa, 2016, 
27673513, US 
& Canada 

NRCS Moderate  Other harm, Hematoma NR 2 y 1/46 (2.2%) 4/104 (3.9%) NR 0.63 

Hirsch, 2014, 
25347643, US 

NRCS High Other harm, Hematoma NR 3.1 y NR NR adjOR 0.56 (0.22, 1.45) 0.39 

Hirsch, 2014, 
25347643, US 

NRCS High Composite or unspecified 
harms 

Any complication 3.5 y NR NR adjOR 0.81 (0.56, 1.17) NR 

NRCS High Composite or unspecified 
harms 

Operative 
complications  

3.5 y NR NR adjOR 0.92 (0.59, 1.45) NR 

NRCS High Composite or unspecified 
harms 

Nonoperative 
complications 

3.5 y NR NR adjOR 0.90 (0.60, 1.34) NR 

Santosa, 2016, 
27673513, US 
& Canada 

NRCS Moderate  Composite or unspecified 
harms 

Major 
complications that 
needed hosp. or 
surgery 

2 y NR NR adjOR 0.92 (0.27, 3.18) 0.9 

Abbreviations: adj = adjusted, CI = confidence interval, hosp. = hospitalization, HR = hazard ratio, IBR = implant-based reconstruction, IV = intravenous, NR = not reported, 
NRCS = nonrandomized comparative study, NS = not significant, OR = odds ratio, PMID = Pubmed identifier, RoB = risk of bias, y = years. 

                                                 
2 Before vs. after radiation. 
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Table 13. Key Question 2: Timing of IBR and AR in relation to chemotherapy and radiation therapy – Evidence profile 
Comparison Outcome 

Category 
Outcome N 

Studies 
(Patients) 

RoB  Consistency Precision Directness Other SoE Conclusions 

IBR before vs. 
after 
chemotherapy 

Clinical  All 0 (0) N/A N/A N/A N/A N/A N/A N/A 
Surgical 
complications 

All 0 (0) N/A N/A N/A N/A N/A N/A N/A 

IBR before vs. 
after radiation 
therapy 

Clinical  Physical well-
being 

1 (106) High Unclear Precise Direct Sparse Insufficient None 

Clinical  Psychosocial well-
being 

1 (106) High Unclear Precise Direct Sparse Insufficient None 

Clinical  Sexual well-being 1 (106) High Unclear Precise Direct Sparse Insufficient None 
Clinical  Satisfaction with 

aesthetics 
1 (106) High Unclear Precise Direct Sparse Insufficient None 

Clinical  Satisfaction with 
outcome 

1 (106) High Unclear Precise Direct Sparse Insufficient None 

Surgical 
complications 

Unplanned repeat 
surgeries for 
revision 

1 (368) High Unclear Precise Direct Sparse Insufficient None  

Surgical 
complications 

Necrosis 1 (876) High Unclear Precise Direct Sparse Insufficient None  

Surgical 
complications 

Implant 
failure/loss or 
need for explant 
surgery 

4 (2537) High Inconsistent Precise Direct None Low Comparable in 
both groups: 
adjOR 0.87 (95% 
CI 0.65, 1.17) 

Surgical 
complications 

Seroma 1 (150) Moderate Unclear Unclear Direct Sparse Insufficient None  

AR before vs. 
after 
chemotherapy 

Clinical  All 0 (0) N/A N/A N/A N/A N/A N/A N/A 
Surgical 
complications 

All 0 (0) N/A N/A N/A N/A N/A N/A N/A 

AR before vs. 
after radiation 
therapy 

Clinical  All 0 (0) N/A N/A N/A N/A N/A N/A N/A 
Surgical 
complications 

All 0 (0) N/A N/A N/A N/A N/A N/A N/A 

Abbreviations: adj = adjusted, AR = autologous reconstruction, IBR = implant-based reconstruction, N/A = not applicable, OR = odds ratio, RoB = risk of bias, SoE = strength of 
evidence. 

Table F-2 provides the complete version of this Evidence Profile, including displaying all outcomes for which no evidence was identified. 
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Key Question 3: Comparisons of Implant Materials for 
Implant-Based Reconstruction 

Key Points 
• Silicone and saline implants may result in clinically comparable assessments of 

patient satisfaction with breast aesthetics (Low SoE). 
• There is insufficient evidence to make conclusions about other clinical outcomes or 

about surgical complications when comparing materials used for IBR (silicone, 
saline, or double lumen [i.e., silicone and saline]). 

 
Five retrospective NRCSs, reported in five articles,13, 160, 168-170 compared different implant 

materials in a total of 2,929 patients undergoing IBR. The studies are detailed in Appendix 
Tables C-4, D-2, and D-3. None of the studies reported additional information about the 
implants, such as surface (smooth versus textured), shape (round versus tear drop), size, or 
anatomic plane of placement. We rated all five NRCSs to be at overall high risk of bias, mostly 
related to serious risk of confounding and the lack of blinding of participants, study personnel, 
and/or outcome assessors. Not all the NRCSs reported adjusted effect sizes with confidence 
intervals; some reported adjusted P values without effect sizes.  

All five NRCSs compared silicone and saline implants. One study (Le 2005) also included a 
third group of women who received double lumen (i.e., silicone and saline) implants. The studies 
included between 143 and 1,143 women and were conducted in the U.S. (n=3), Canada (n=1), or 
both (n=1). Among the studies reporting data, the women’s mean ages ranged from 47 to 56 
years and their mean BMIs ranged from 24.3 to 27.2 kg/m2. Most studies did not report on 
patient race. In Le 2005, the large majority (94%) were White; in Macadam 2010, a study 
conducted in Vancouver, Canada, the majority (66%) were Asian. Studies mostly followed 
women for about 3 to 5 years, with the exception of Le 2005 which included a median of 12.4 
years of followup. 

The study result summaries are in Tables 14 and 15. Full results are in Appendix Tables E-
3.1 to E-3.9. 

Clinical Outcomes 
Three NRCSs (Macadam 2010, McCarthy 2010, and Le 2005) assessed clinical outcomes in 

women receiving either silicone or saline implants (Tables 14 and 15).  
One NRCS (Macadam 2010) reported on general quality of life using the EORTC QLQ-

C30 (0 to 100; higher is better; MCID 5 to 10 points171) (Table 14). Patients receiving silicone 
implants had higher mean global health status scores than those receiving saline implants. The 
difference was marginally clinically important, favoring silicone, but was not statistically 
significant (79.9 vs. 74.9; P=0.13). 

Macadam 2010 also evaluated five subscales of the Breast Questionnaire (BREAST-Q) at a 
mean of 3.6 years (range 2.6 to 4.5). Each subscale score ranges from 0 to 100, with higher 
scores indicating better well-being or satisfaction. For patients receiving implants, the MCID for 
physical well-being has been estimated to be 3 points, psychosocial well-being 4 points, sexual 
well-being 5 points, and satisfaction with breast aesthetics 5 points.156 We considered 5 points as 
the MCID for satisfaction with outcome. Physical well-being (per the physical function score) 
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was similar between women receiving silicone and saline implants (mean 76.2 vs. 73.4; P=0.29). 
Psychosocial well-being was both clinically and statistically significantly better among women 
receiving silicone implants (77.6 vs. 70.8; P=0.03). Sexual well-being was clinically, but not 
statistically significantly, better among women receiving silicone implants (54.4 vs. 47.6; 
P=0.06). Satisfaction with outcome (defined as overall satisfaction) was also clinically, but not 
statistically significantly, better among women receiving silicone implants (75.4 vs. 69.5; 
P=0.08).  

Satisfaction with aesthetics on the BREAST-Q questionnaire was evaluated by two NRCSs 
(Macadam 2010 and McCarthy 2010), both at similar time-points (ranging from 2.4 to 4.5 years). 
McCarthy 2010 reported that patients in the silicone arm scored higher by 4.1 points (95% CI 
1.31 to 6.89); but this difference was not clinically significant. Macadam 2010 reported that 
patients receiving silicone implants had statistically significantly higher scores (P=0.008), but no 
effect size was reported.  

One NRCS (Le 2005) reported mortality data at a median of 12.4 years comparing groups of 
patients who underwent IBR with silicone, saline, or double lumen implants (Table 15). Breast 
cancer mortality was similar in the silicone and saline arms (adjHR 1.01, 95% CI 0.44 to 2.34). 
Near-significantly higher breast cancer mortality was reported in the double lumen implant arm 
than in the silicone arm (adjHR 1.49, 95% CI 0.83 to 2.70). Similar results were observed for 
non-breast cancer mortality, although the estimates were highly imprecise. 

Surgical Complications 
Two NRCSs (Cordeiro 2015a and Antony 2014) reported surgical complications (Table 15). 
Cordeiro 2015a reported that, at 3.3 years of followup, implant failure/loss occurred less 

frequently among patients who received silicone implants than patients who received saline 
implants for reconstruction, but this was not statistically significant (adjOR 0.61, 95% CI 0.36 to 
1.07). 

Antony 2014 reported that, at 3 to 5 years of followup, patients who received silicone or 
saline implants experienced capsular contractures (of Baker Classification Grades 3 or 4) at 
rates that were not statistically significantly different. No further data were reported.  

Heterogeneity of Treatment Effects (Subgroup Differences) 
None of the studies reported subgroup results or other analyses of possible heterogeneity of 

treatment effects. The studies were too sparse to allow exploration of possible differences based 
on patient or other characteristics. 

Applicability 
All five studies addressing this KQ were conducted in North America. All studies were 

published in the last 10 years, except for Le 2005, which was published 15 years ago. In one U.S. 
study (Le 2005), the large majority of women were White, while in another study in Vancouver, 
Canada (Macadam 2010), a substantial proportion of women (66%) were Asian. 
Notwithstanding the one Canadian study, these studies generally contribute evidence that is 
directly applicable to the population of women receiving implants in the U.S. who have been 
shown to be between 80 and 90 percent White.14  
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Summary of Comparison of Implant Materials 
Table 16 summarizes the evidence for the comparison of implant materials for IBR. In 

summary, the only conclusion we are able to make is that, in comparison with saline implants, 
silicone implants are associated with clinically comparable satisfaction with breast aesthetics. 
Due to sparse evidence, no conclusions regarding other clinical outcomes or regarding surgical 
complications are feasible for this comparison or for any comparison involving double lumen 
implants. 



 

49 

Table 14. Key Question 3: Comparisons of implant materials for IBR – Continuous outcomes 
Study, Year, 
PMID 

Design RoB Outcome  Outcome 
Measurement 

Time 
Point (y) 

Silicone, 
N  

Silicone,  
Mean (SD) 

Saline, 
N  

Saline, 
Mean (SD) 

Effect Size 
(95% CI) 

P 
Value 

Macadam, 2010, 
20009795, 
Canada 

NRCS High General quality 
of life 

EORTC QLQC30 (0-
100): Global health 
status 

2.6-4.5 72 79.9 (18.1) 67 74.9 (20.9) NR 0.13 

NRCS High Physical  
WB 

BREAST-Q (0-100):  
Physical WB 

2.6-4.5 74 76.2 (14.9) 68 73.4 (16.3) NR 0.28 

NRCS High Psychosocial  
WB 

BREAST-Q (0-100): 
Psychosocial WB 

2.6-4.5 75 77.6 (18.6) 67 70.8 (18.8) NR 0.03 

NRCS High Sexual  
WB 

BREAST-Q (0-100):  
Sexual WB 

2.6-4.5 71 54.4 (19.8) 65 47.6 (20.9) NR 0.056 

NRCS High Satisfaction with 
outcome 

BREAST-Q (0-100):  
Satisfaction with 
outcome 

2.6-4.5 75 75.4 (17.6) 68 69.5 (22.6) NR 0.082 

NRCS High Satisfaction with 
aesthetics 

BREAST-Q (0-100):  
Satisfaction with breast 

2.6-4.5  75 63.8 (15.2) 67 56.9 (15.1) NR 0.008 

McCarthy, 2010, 
21136577, US & 
Canada 

NRCS High Satisfaction with 
aesthetics 

BREAST-Q (0-100):  
Satisfaction with breast 

2.4-3.3 176 58.0 (20.3) 306 52.5 (20.4) adjMD 4.1 
(1.31*, 6.89*) 

0.004 

Abbreviations: adj = adjusted, BREAST-Q = Breast Questionnaire, CI = confidence interval, EORTC QLQC3 = European Organization for Research and Treatment of Cancer 
Quality of Life Questionnaire C30, IBR = implant-based reconstruction, MD = mean difference, NR = not reported, NRCS = nonrandomized comparative study, PMID = Pubmed 
identifier, RoB = risk of bias, SD = standard deviation, WB = well-being, y = years.* Calculated. 

Table 15. Key Question 3: Comparisons of implant materials for IBR – Categorical outcomes 
Study, Year, 
PMID, Country 

Design Overall 
RoB 

Outcome Outcome 
Measurement 

Time 
Point (y) 

Implant 
Material 

n/N (%) Effect Size (95% CI) P 
Value 

Le, 2005, 
15743498, US 

NRCS High Mortality Breast cancer mortality 12.4 Silicone  NR Ref Ref 
NRCS High Mortality Breast cancer mortality 12.4 Saline  NR vs. Silicone: adjHR 1.01 (0.44, 2.34) NR 
NRCS High Mortality Breast cancer mortality 12.4 Double lumen NR vs. Silicone: adjHR 1.49 (0.83, 2.70) NR 
NRCS High Mortality Non-breast cancer 

mortality 
12.4 Silicone  NR Ref Ref 

NRCS High Mortality Non-breast cancer 
mortality 

12.4 Saline  NR vs. Silicone: adjHR 1.75 (0.29, 10.39) NR 

NRCS High Mortality Non-breast cancer 
mortality 

12.4 Double lumen NR vs. Silicone: adjHR 3.13 (0.91, 10.78) NR 

Cordeiro, 2015a, 
25742523, US 

NRCS High Implant failure/loss TE and implant loss 3.3 Silicone  NR/159 adjOR 0.61 (0.36, 1.07) NS 
NRCS High Implant failure/loss TE and implant loss 3.3 Saline  NR/129 Ref Ref 

Antony, 2014, 
24135689, US 

NRCS High Capsular contracture Baker Grade III or IV 3-5 Silicone  NR/179 Ref Ref 
NRCS High Capsular contracture Baker Grade III or IV 3-5 Saline  NR/166 NR NS 

Abbreviations: adj = adjusted, CI = confidence interval, IBR = implant-based reconstruction, HR = hazard ratio, NR = not reported, NRCS = nonrandomized comparative study, 
NS = not significant, OR = odds ratio, PMID = Pubmed identifier, Ref = reference group, RoB = risk of bias, y = years. 
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Table 16. Key Question 3: Comparisons of implant materials for IBR – Evidence profile 
Comparis
on 

Outcome 
Category 

Outcome N 
Studies 
(Patients) 

RoB  Consistency Precision Directness Other SoE Conclusions 

Silicone 
vs. saline 

Clinical General quality of life 1 (139) High N/A Unclear Direct Sparse Insufficient None  
Clinical Physical well-being 1 (142) High N/A Unclear Direct Sparse Insufficient None  
Clinical Psychosocial well-being 1 (142) High N/A Unclear Direct Sparse Insufficient None  
Clinical Sexual well-being 1 (137) High N/A Unclear Direct Sparse Insufficient None  
Clinical Patient satisfaction with 

aesthetics 
2 (624) High Consistent Unclear Direct None Low Comparable in 

both groups 
Clinical Patient satisfaction with 

outcome 
1 (143) High N/A Unclear Direct Sparse Insufficient None  

Clinical Mortality 1 (NR) High N/A Imprecise Direct Sparse Insufficient None  
Surgical 
complications 

Implant failure/loss or 
need for explant 
surgery 

1 (288) High N/A Precise Direct Sparse Insufficient None  

Surgical 
complications 

Capsular contracture 1 (345) High N/A Unclear Direct Sparse Insufficient None  

Silicone 
vs. 
double 
lumen 

Clinical  Mortality 1 (NR) High N/A Imprecise Direct Sparse Insufficient None  
Surgical 
complications 

All 0 (0) N/A N/A N/A N/A N/A N/A N/A 

Saline vs. 
double 
lumen 

Clinical  All 0 (0) N/A N/A N/A N/A N/A N/A N/A 
Surgical 
complications 

All 0 (0) N/A N/A N/A N/A N/A N/A N/A 

Abbreviations: N/A = not applicable, NR = not reported, RoB = risk of bias, SoE = strength of evidence. 

For continuous outcomes, clinical significance is based on published estimates of minimal clinically important differences (MCIDs), where available. 
Table F-3 provides the complete version of this Evidence Profile, including displaying all outcomes for which no evidence was identified. 



 

51 

Key Question 4: Comparisons of Anatomic Planes of Implant 
Placement for Implant-Based Reconstruction 

Key Points 
• There is insufficient evidence addressing clinical outcomes and surgical complications 

for comparisons of prepectoral and total submuscular planes of implant placement for 
IBR. 

• We did not find any studies comparing partial submuscular with other planes of implant 
placement for IBR. 

 
Two NRCSs (one prospective [Cattelani 2018]172 and one retrospective [Nealon 2020a]173) 

compared prepectoral and total submuscular planes of implant placement in a total of 340 
patients undergoing IBR. Neither study evaluated partial submuscular placement. The studies are 
detailed in Tables 17 and 18 and Appendix Tables C-5, D-2, and D-3. Cattelani 2018, conducted 
in Italy, used textured implants that were anatomic (tear drop) shaped, while Nealon 2020a, 
conducted in the U.S., used smooth and round implants. All implants in both studies were 
immediate (i.e., implanted during the mastectomy) and single-staged (i.e., without use of tissue 
expanders). 

We rated both NRCSs to be at overall high risk of bias, mostly related to critical or serious 
risk of confounding and the lack of blinding of participants, study personnel, and/or outcome 
assessors. Cattelani 2018 reported P values without effect sizes or confidence intervals. 

The women’s mean ages in the two studies were 51 and 53 years and their mean BMIs 24.9 
and 27.4 kg/m2. Neither study reported information on patient race. Cattelani 2018 followed 
patients for 1 year and Nealon 2020a for 2.4 years. 

The study result summaries are in Tables 17 and 18. Full results are in Appendix Tables E-
4.1 to E-4.11. 

Clinical Outcomes 
One NRCS (Cattelani 2018) assessed patient-reported outcomes in women who underwent 

IBR with either prepectoral or total submuscular planes of implant placement (Table 17). 
Cattelani 2018 reported on physical well-being using two different measurements: the Constant 
Murley score and the Disabilities of the Arm, Shoulder, and Hand (DASH) score. The Constant 
Murley score was designed to measure changes (or differences) in physical function in patients 
who have undergone shoulder surgery. The score ranges from 0 to 100, with higher scores 
indicating better function. The minimal MCID has been estimated to be 10 points.174 Compared 
with patients who underwent IBR with total submuscular placement, patients who underwent 
prepectoral placement had both clinically and statistically significantly higher mean Constant 
Murley scores at 1 day (71.6 vs. 60.4; P<0.001) as well as at 7 days after surgery (65.7 vs. 52.4; 
P<0.001).  

The DASH was designed to measure changes (or differences) in the ability of patients with 
upper extremity musculoskeletal disorders to perform certain upper extremity activities. The 
score ranges from 0 to 100, with higher scores indicating less ability. The minimal MCID has 
been estimated to be 10 to 15 points.175 Cattelani 2018 reported that at 1 year of followup, 
patients who underwent prepectoral placement had both clinically and statistically significantly 
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lower (i.e., better) mean DASH scores than patients who underwent IBR with total submuscular 
placement (9.9 vs. 29.2; P<0.001). 

Cattelani 2018 also reported that patients who underwent prepectoral placement experienced 
better psychosocial well-being (measured by number of days until return to usual work). 
Patients who underwent prepectoral placement returned to their usual work sooner than did 
patients who underwent total submuscular placement (mean 34.6 vs. 57.3 days; P<0.001).  

Cattelani 2018 reported on patient satisfaction with breast aesthetics using the BREAST-Q 
questionnaire (0 to 100, higher is better, MCID 5 points156). At 1 year of followup, patients who 
underwent prepectoral placement had both clinically and statistically significantly greater 
satisfaction with breast aesthetics than patients who underwent IBR with total submuscular 
placement (92.2 vs. 76.1; P<0.001). 

Surgical Complications 
Both NRCSs (Cattelani 2018 and Nealon 2020a) reported on surgical complications of 

prepectoral and total submuscular placements for IBR. 
One NRCS (Cattelani 2018) reported on pain data using the Brief Pain Inventory-Short Form 

(BPI-SF) (Table 17). The BPI-SF was originally designed to measure changes (or differences) in 
pain in patients with cancer, but is now used for various pain-causing diseases. The score ranges 
from 0 to 100, with higher scores indicating greater pain. The MCID has been estimated to be 2 
points.176 Compared with patients who underwent IBR with total submuscular placement, 
patients who underwent prepectoral placement had both clinically and statistically significantly 
lower pain at 1 day (17.6 vs. 44.1; P<0.001) as well as at 7 days after surgery (8.2 vs. 22.0; 
P<0.001). 

One NRCS (Nealon 2020a) reported on various surgical complications of prepectoral and 
total submuscular placements for IBR at 1.7 to 2.4 years of followup (Table 18). These included 
necrosis (of the skin), infections that were not explicitly implant-related, seroma, need for 
explant surgery, capsular contracture, and hematoma. For each of these complications, the 
adjusted OR was highly imprecise and not statistically significant. 

Heterogeneity of Treatment Effects (Subgroup Differences) 
None of the studies reported subgroup results or other analyses of possible heterogeneity of 

treatment effects. The studies were too sparse to allow exploration of possible differences based 
on patient or other characteristics. 

Applicability 
Neither NRCS addressing this KQ reported information about patient race. The Italian study 

(Cattelani 2018) used textured implants, which are not commonly used in the U.S. 

Summary of Comparisons of Anatomic Planes of Implant Placement 
Table 19 summarizes the evidence for the comparison of anatomic planes of implant 

placement for IBR. Due to sparse evidence, no conclusions regarding clinical outcomes or 
surgical complications are feasible for any comparison of anatomic planes. 
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Table 17. Key Question 4: Comparisons of anatomic planes of implant placement for IBR – Continuous outcomes 
Study, Year, 
PMID, 
Country 

Design RoB Outcome  Outcome 
Measurement 

Time 
Point 

Prepectoral, 
N  

Prepectoral, 
Mean (SD) 

Total 
Submuscular, 
N  

Total 
Submuscular, 
Mean (SD) 

Effect 
Size 
(95% CI) 

P 
Value 

Cattelani, 
2018, 
29275104, 
Italy 

NRCS High Physical well-
being 

Constant Murley (0–
100): Upper limb  

1 d 39 71.6 (8.9) 45 60.4 (10.5) NR <0.001 

NRCS High Physical well-
being 

Constant Murley (0–
100): Upper limb 

7 d 39 65.7 (9.3) 45 52.4 (12.2) NR <0.001 

NRCS High Physical well-
being 

DASH (0-100) 1 y 39 9.9 (17.9) 45 29.2 (16.9) NR <0.001 

NRCS High Physical well-
being 

Return to usual 
work 

NR 39 34.6 d (21 d) 45 57.3 d (37.8 d) NR <0.001 

NRCS High Satisfaction 
with 
aesthetics 

BREAST-Q (0-100):  
Satisfaction with 
breast 

1 y 39 92.2 (9.0) 45 76.1 (14.6) NR <0.001 

NRCS High Pain BPI-SF (0-100) 1 d 39 17.6 (15.5) 45 44.1 (15.8) NR <0.001 
NRCS High Pain BPI-SF (0-100) 7 d  39 8.2 (15.4) 45 22.0 (18.6) NR <0.001 

Abbreviations: adj = adjusted, BPI-SF = Brief Pain Inventory Short Form, BREAST-Q = Breast Questionnaire, CI = confidence interval, d = days, DASH = Disabilities of the 
Arm, Shoulder, and Hand, IBR = implant-based reconstruction, NR = not reported, NRCS = nonrandomized comparative study, PMID = Pubmed identifier, RoB = risk of bias, SD 
= standard deviation, y = years. 

Table 18. Key Question 4: Comparisons of anatomic planes of implant placement for IBR – Categorical outcomes 
Study, Year, 
PMID, 
Country 

Design Overall 
RoB 

Outcome Outcome 
Measurement 

Time 
Point 
(y) 

Prepectoral,  
n/N (%) 

Total Submuscular,  
n/N (%) 

Effect Size (95% CI) P 
Value 

Nealon, 
2020a, 
32032345, 
US 

NRCS High Necrosis Skin necrosis 1.7-2.4  5/114 (4.4) 6/142 (4.2) adjOR 1.01 (0.74, 5.95) 0.77 
NRCS High Infections (not explicitly 

implant-related) 
NR 1.7-2.4 2/114 (1.8) 6/142 (4.2) adjOR 0.31 (<0.01, 8.65) 0.52 

NRCS High Seroma NR 1.7-2.4 10/114 (8.8) 11/142 (7.7) adjOR 1.49 (0.37, 6.11) 0.57 
NRCS High Need for explant 

surgery 
NR 1.7-2.4 4/114 (3.5) 7/142 (4.9) adjOR 1.01 (0.07, 14.11) 0.99 

NRCS High Capsular contracture NR 1.7-2.4 2/114 (1.8) 12/142 (8.5) adjOR 0.30 (0.03, 1.55) 0.16 
NRCS High Other harm: Hematoma NR 1.7-2.4 6/114 (5.3) 7/142 (4.9) adjOR 5.18 (0.39, 7.05) 0.23 

Abbreviations: adj = adjusted, CI = confidence interval, IBR = implant-based reconstruction, HR = hazard ratio, NR = not reported, NRCS = nonrandomized comparative study, 
NS = not significant, OR = odds ratio, PMID = Pubmed identifier, RoB = risk of bias, y = years. 
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Table 19. Key Question 4: Comparisons of anatomic planes of implant placement for IBR – Evidence profile 
Comparison Outcome 

Category 
Outcome N 

Studies 
(Patients) 

RoB  Consistency Precision Directness Other SoE Conclusions 

Prepectoral 
vs. total 
submuscular 

Clinical Physical well-being 1 (84) High N/A Unclear Direct Sparse Insufficient None 
Clinical Psychosocial well-

being 
1 (84) High N/A Unclear Direct Sparse Insufficient None 

Clinical Satisfaction with 
aesthetics 

1 (84) High N/A Unclear Direct Sparse Insufficient None  

Surgical 
complications 

Pain 1 (84) High N/A Unclear Direct Sparse Insufficient None  

Surgical 
complications 

Necrosis 1 (256) High N/A Imprecise Direct Sparse Insufficient None  

Surgical 
complications 

Implant failure/loss or 
need for explant 
surgery 

1 (256) High N/A Imprecise Direct Sparse Insufficient None  

Surgical 
complications 

Infections (not 
explicitly implant-
related) 

1 (256) High N/A Imprecise Direct Sparse Insufficient None  

Surgical 
complications 

Seroma 1 (256) High N/A Imprecise Direct Sparse Insufficient None  

Surgical 
complications 

Capsular contracture 1 (256) High N/A Imprecise Direct Sparse Insufficient None  

Prepectoral 
versus 
partial 
submuscular 

Clinical All 0 (0) N/A N/A N/A N/A N/A N/A N/A 
Surgical 
complications 

All 0 (0) N/A N/A N/A N/A N/A N/A N/A 

Total versus 
partial 
submuscular 

Clinical All 0 (0) N/A N/A N/A N/A N/A N/A N/A 

Surgical 
complications 

All 0 (0) N/A N/A N/A N/A N/A N/A N/A 

Abbreviations: N/A = not applicable, RoB = risk of bias, SoE = strength of evidence. 

Table F-4 provides the complete version of this Evidence Profile, including displaying all outcomes for which no evidence was identified. 
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Key Question 5: Use of Human Acellular Dermal Matrices for 
Implant-Based Reconstruction 

Key Points 
• In patients undergoing IBR, the evidence is inconsistent regarding whether human ADM 

use impacts the patient-reported outcomes of physical well-being, psychosocial well-
being, or satisfaction with aesthetics. There is insufficient evidence regarding whether 
human ADM use improves sexual well-being. 

• Patients undergoing IBR with human ADMs probably are at greater risk than those not 
receiving human ADMs of implant failure/loss or need for explant surgery (summary 
adjOR 1.28, 95% CI 0.97 to 1.70; 6 studies) (Moderate SoE) and may be at greater risk of 
infections not explicitly implant- or ADM-related (summary adjOR 1.56, 95% CI 0.96 to 
2.53; 7 studies) (Low SoE). Compared with nonuse, use of human ADMs probably does 
not impact the risks of unplanned repeat surgeries for revision (Moderate SoE) and 
seroma (summary adjOR 1.52, 95% CI 0.62 to 3.71; 4 studies) (Moderate SoE). 
Compared with nonuse, use of human ADMs may not impact the risk of necrosis 
(summary adjOR 0.89, 95% CI 0.63 to 1.25; 4 studies) (Low SoE).  

• The evidence is inconsistent whether use of human ADMs impacts pain or risks of wound 
dehiscence or capsular contracture. 

• There is insufficient evidence regarding whether human ADM use is associated with risks 
of mortality, unplanned repeat surgeries for complications, analgesic use, implant rupture, 
implant malposition, thromboembolic events, or delayed healing. 

 
Twenty studies, including two RCTs reported in two articles177, 178 and 18 NRCSs reported in 

26 articles55, 56, 162-166, 172, 179-196 evaluated the comparison of use versus nonuse of human ADMs 
in a total of 41,619 patients undergoing IBR. The studies are detailed in Tables 20 to 23, Figures 
5 to 9, and Appendix Tables C-6, D-1, D-2, and D-3. 

Most studies did not report any additional information about the implants, such as surface 
(smooth versus textured), shape (round versus tear drop), size, or anatomic plane of placement. 
Among the two RCTs, we rated Wendel 2013 to be at high risk of bias because of the lack of 
blinding of participants and study personnel and because of incomplete outcome data and 
selective outcome reporting. We rated McCarthy 2012 to be at moderate risk of bias because of 
the lack of blinding of participants and study personnel and because of selective outcome 
reporting. Among the 18 NRCSs, we rated 13 to be at high risk of bias, four at moderate risk, 
and 1 at low risk. High risk of bias ratings were mostly related to critical or serious risk of 
confounding and the lack of blinding of study personnel and/or outcome assessors. Not all the 
NRCSs reported complete results data: some reported adjusted P values without effect sizes or 
effect sizes without CIs or P values.  

The 20 studies included between 36 and 18,977 women and were conducted mostly in North 
America (16 in the U.S., 1 in Canada, and 1 in both). One study was conducted in Italy and 
another in South Korea. Among the studies reporting data, the women’s mean ages ranged from 
47 to 51 years and their mean BMIs ranged from 24.9 to 27.0 kg/m2. Only the NRCS by Ibrahim 
2013 reported on patient race. The majority of women (79%) were White, 6.4 percent were 
Black, and 2.8 percent were Asian. Studies mostly followed women for about 2 to 5 years. 
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The study result summaries are in Tables 20 to 23 and Figures 4 to 9. Full results are in 
Appendix Tables E-5.1 to E-5.22. 

Clinical Outcomes 
One RCT (McCarthy 2017) and two NRCSs (Cattelani 2018 and Sorkin 2017) reported on 

clinical outcomes comparing women who underwent IBR with or without the use of ADMs 
(Tables 20 and 21).  

The RCT (McCarthy 2017) and one NRCS (Cattelani 2018) reported on physical well-being. 
McCarthy 2017 used the chest and upper body component of the BREAST-Q (0-100; higher is 
better; MCID 3156) (Table 20). Scores were comparable whether or not ADM was used during 
IBR, when measured during the expansion phase of the tissue expander (NMD 0.60, 95% CI 
−4.87 to 6.07), or after expansion (NMD 0.50, 95% CI −5.93 to 6.93). The NRCS (Cattelani 
2018) reported on physical well-being using two different measurements: the Constant Murley 
score, which measures shoulder function (0 to 100; higher is better; MCID 10) and the DASH 
score, which measures function of the arm, shoulder, and hand (0 to 100; higher is worse; 
MCID 10 to 15175). Compared with patients who underwent IBR with ADM, patients without 
ADM had both clinically and statistically significantly higher mean Constant Murley scores at 1 
day (71.6 vs. 60.4; P<0.001) and 7 days after surgery (65.7 vs. 52.4; P<0.001). At 1 year of 
followup, patients who underwent IBR with ADMs had both clinically and statistically 
significantly lower (i.e., better) mean DASH scores than patients who underwent IBR without 
ADMs (9.9 vs. 29.2; P<0.001).  

Two NRCSs (Sorkin 2017 and Cattelani 2018) reported on psychosocial well-being. Sorkin 
2017 used the BREAST-Q: psychosocial well-being component (0 to 100; higher is better; 
MCID 4156) at 2 years of followup. Psychosocial well-being scores were comparable whether or 
not ADMs were used during IBR (adjMD 0.3, 95% CI −3.0 to 3.6). Cattelani 2018 reported that 
patients who underwent IBR with ADMs returned to their usual work sooner than did patients 
who underwent IBR without ADMs (mean 34.6 vs. 57.3 days; P<0.001). 

Sorkin 2017 also reported on sexual well-being using the BREAST-Q: sexual well-being 
component (0 to 100; higher is better; MCID 5156) at 2 years of followup. Sexual well-being 
scores were comparable whether or not ADMs were used during IBR (adjMD −1.7, 95% CI −4.7 
to 1.3). 

Both NRCSs (Cattelani 2018 and Sorkin 2017) reported on patient satisfaction with breast 
aesthetics using the BREAST-Q: satisfaction with breast component (0 to 100; higher is better; 
MCID 5156). Cattelani 2018, using data at 1 year of followup, reported that patients who had 
received ADMs were more satisfied with their breast aesthetics (P<0.001), although an adjusted 
effect size was not reported. Sorkin 2017, however, reported that, at 2 years of followup, 
satisfaction scores were comparable whether or not ADMs were used during IBR (adjMD −0.9, 
95% CI −4.0 to 2.3). 

Mortality 
One RCT (Wendel 2013) reported on 1-month mortality, but no deaths occurred (Table 21). 

Surgical Complications 
All 20 studies (2 RCTs and 18 NRCSs) reported on surgical complications comparing 

women who underwent IBR with or without use of ADMs (Tables 21 to 23 and Figures 5 to 9).  
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Unplanned Repeat Surgeries 
Three NRCSs (Ibrahim 2013, Nealon 2020b, and Sobti 2018) reported on unplanned repeat 

surgeries for revision of reconstruction (Table 21). Ibrahim 2013 reported that, at 6 months of 
followup, risks were comparable whether or not ADMs were used (P=0.14). An adjusted effect 
size was not reported. At approximately 5 years of followup, no significant between-group 
differences in risks of unplanned surgeries were reported by both Nealon 2020b (adjOR 0.86, 
95% CI 0.69 to 1.08) and Sobti 2018 (adjOR 1.10, 95% CI 0.63 to 1.92). 

One NRCS (Peled 2012) reported on unplanned repeat surgeries for complications, 
specifically wound-healing or infectious complications. At 2.6 to 3.3 years of followup, patients 
receiving ADMs underwent fewer unplanned surgeries (P<0.05). However, an adjusted effect 
size was not reported. 

Pain and Analgesic Use 
One RCT (McCarthy 2012) and one NRCS (Cattelani 2018) reported on the outcome of pain 

(Table 22). McCarthy 2012 reported on pain using a Visual Analog Scale (VAS) at 24 hours, 
during the expansion phase, and upon completion of the expansion phase. The VAS score used 
ranges from 0 to 100, with higher scores indicating greater pain. The MCID has been estimated 
to be 5 points.197 McCarthy 2012 reported that patients randomized to receive ADMs 
experienced clinically significant greater increases in pain in the first 24 hours (NMD 6.2, 95% 
CI −4.9 to 17.3) and during the expansion phase (NMD 6.8, 95% CI 1.1 to 12.5); although, the 
earlier time point was not statistically significant. After the expansion phase, increases in pain 
were comparable between ADM use and nonuse groups (NMD −4.6, 95% CI −9.8 to 0.6).  

Cattelani 2018 reported on pain using the BPI-SF (0 to 100; higher implies greater pain; 
MCID has been estimated to be 2 points176). Compared with patients who did not receive ADMs 
(with total submuscular implant placement), patients who received ADMs (with prepectoral 
implant placement) experienced both clinically and statistically significantly lower pain at 1 day 
(17.6 vs. 44.1; P<0.001) and 7 days after surgery (8.2 vs. 22.0; P<0.001). 

One RCT (McCarthy 2012) reported on analgesic use within the first 24 hours after surgery. 
McCarthy 2012 reported that analgesic use overall in the first 24 hours was statistically similar 
whether or not ADMs were used during IBR (MD −134 mg, 95% CI −440 to 172). 

Necrosis 
Seven NRCSs reported data on necrosis (Appendix Table E-5.10). Among them, four 

NRCSs (Hirsch 2014, Nealon 2020b, Seth 2012, and Sobti 2018) reported adjusted effect sizes 
and were thus were included in a meta-analysis (Figure 5). The pooled analysis suggested 
comparable risks of necrosis comparing patients who received or did not receive ADMs during 
their IBR (adjOR 0.83, 95% CI 0.63 to 1.25; I2 =25%). 



 

58 

Figure 5. Key Question 5: Use versus nonuse of human ADMs during IBR – Meta-analysis for 
necrosis 

 
Abbreviations: ADM = acellular dermal matrix, CI = confidence interval, IBR = implant-based reconstruction, I2 = measure of 
statistical heterogeneity (% of total variability that is due to between-study variability), NR = not reported, OR = odds ratio.  

Among the three studies reporting necrosis data that were not included in the meta-analysis, 
Craig 2019 reported an adjusted effect size for only the subgroup of patients who did not receive 
postoperative radiation therapy; it was therefore excluded from the meta-analysis. In that 
subgroup, patients who received ADMs had a higher risk of necrosis at 7 months of followup 
(adjOR 4.99, 95% CI 3.28 to 8.03). Qureshi 2016 was not included in this analysis because only 
an adjOR (3.1) with no CI was reported. Sorkin 2017 reported that, at 2 years of followup, risks 
were comparable whether or not ADMs were used (P=0.228; adjusted effect size not reported). 

Thus, among the three NRCSs not included in the meta-analysis, two studies (Craig 2019 and 
Qureshi 2016) suggest that ADM use may be associated with increased risk of necrosis, while 
one study (Sorkin 2017) was in agreement with the findings of the meta-analysis. 

Thromboembolic Events 
One NRCS (Ibrahim 2013) reported on thromboembolic events (Table 21). No differences 

were found between IBR with or without ADMs in terms of risks of deep vein thrombosis 
(P=0.47) or pulmonary embolism (P=0.11). No adjusted effect sizes were reported.  

Infections Not Explicitly Related to Implants or ADMs 
Thirteen studies (2 RCTs and 11 NRCSs) reported data on infections that were not 

explicitly related to implants or ADMs (Appendix Table E-5.15). Various types and extents of 
infections were described, and we summarize them separately below.  

Any or Undefined Infections 
Nine studies (both RCTs and seven NRCSs) reported on any or undefined infections. Seven 

studies, comprising both RCTs (McCarthy 2012 and Wendel 2013) and five NRCSs (Chun 2010, 
Nealon 2020b, Seth 2012, Sobti 2018, and Woo 2017), reported effect sizes that adequately 
accounted for confounders and were thus included in a meta-analysis (Figure 6). The pooled 
analysis suggested a near-significant increased risk of infections in patients who received ADMs 
during their IBR (adjOR 1.56, 95% CI 0.96 to 2.53; I2 =46%). The findings in the RCTs were not 
significantly different from the NRCSs (P=0.44 from a meta-regression, and as suggested by the 
lack of heterogeneity across studies). Effect sizes ranged from 0.88 to 5.37 across all studies. 
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Figure 6. Key Question 5: Use versus nonuse of human ADMs during IBR – Meta-analysis for any 
or undefined infections 

 
Abbreviations: ADM = acellular dermal matrix, CI = confidence interval, IBR = implant-based reconstruction, I2 = measure of 
statistical heterogeneity (% of total variability that is due to between-study variability), mo = months, NR = not reported, NRCS 
= nonrandomized comparative study, OR = odds ratio, RCT = randomized controlled trial, y = years.  

The two NRCSs that were not included in the meta-analysis reported inconsistent findings. 
Brooke 2012 reported comparable risks of infections whether or not ADMs were used (P=0.09; 
no adjusted effect size was reported), while Craig 2019 reported an adjusted effect size for only 
the subgroup of patients who did not receive postoperative radiation therapy (adjOR 2.68, 95% 
CI 1.54 to 5.06).  

Thus, among the two NRCSs not included in the meta-analysis, one NRCS (Brooke 2012) 
suggests that ADM use and nonuse may be associated with comparable risks of infections, while 
subgroup data from another NRCS (Craig 2019) were in agreement with the findings of our 
meta-analysis. 

Defined Infections 
Five NRCSs (Liu 2011, Sorkin 2017, Ibrahim 2013, Chun 2010, and Peled 2012) reported 

data for defined infections. Their findings were inconsistent.  
Three NRCSs (Liu 2011, Sorkin 2017, and Ibrahim 2013) reported on wound infections. Liu 

2011 reported that ADM use was associated with greater risk of major or minor wound 
infections (adjOR 3.25, 95% CI 0.80 to 13.1). Sorkin 2017 reported that overall risk of wound 
infections were comparable between ADM use and nonuse groups (P=0.11), but ADM use was 
associated with greater risks of wound infections requiring oral antibiotics (adjOR 1.49, 95% CI 
0.90 to 2.44) as well as those requiring intravenous antibiotics or reoperation (P=0.045). Ibrahim 
2013 reported that ADM use was associated with greater risk of superficial surgical site infection 
(P=0.021) but not deep incisional surgical site infection (P=0.366). Ibrahim 2013 also reported 
that ADM use and nonuse groups experienced comparable risks of organ space infection 
(P=0.290) and sepsis (P=0.516). 

Chun 2010 reported that ADM use was associated with a greater risk of major infection 
requiring admission for intravenous antibiotics and/or surgery (P=0.0016). However, Peled 
2012 reported that ADM use was associated with a lower risk of localized or systemic 
infections that were treated with oral antibiotics or admission for intravenous antibiotics 
(P<0.05). Neither Chun 2010 nor Peled 2012 reported adjusted effect sizes. 
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Wound Dehiscence and Delayed Healing 
Four NRCSs (Sorkin 2017, Qureshi 2016, Ibrahim 2013, and Craig 2019) reported on wound 

dehiscence, but their findings were inconsistent (Table 21). Sorkin 2017 reported that risk of 
wound dehiscence was higher among patients receiving ADMs (P=0.02), but an adjusted effect 
size was not reported. Ibrahim 2013 reported that risks of wound dehiscence were comparable in 
the two groups (P=0.26), but did not report an adjusted effect size or CIs. However, Qureshi 
2016 reported that the risk of wound dehiscence was lower among patients receiving ADMs 
(adjOR 0.4; P<0.05). Craig 2019 reported adjusted data only for the subgroup of patients who 
did not receive postoperative radiation therapy; ADM use was associated with higher risk of 
wound dehiscence at 7 months of followup (adjOR 2.46, 95% CI 1.23 to 4.93). 

One NRCS (Woo 2017) reported on delayed healing, defined as a composite outcome of 
delayed wound healing or skin flap necrosis. Comparable risks were observed in women 
receiving versus not receiving ADMs during IBR (adjOR 1.41, 95% CI 0.67 to 2.96).  

Seroma  
Six studies (one RCT and five NRCSs) reported data on seroma (Appendix Table E-5.14). 

Among them, four studies, comprising one RCT (McCarthy 2012) and three NRCSs (Chun 2010, 
Seth 2012, and Woo 2017), reported effect sizes that adequately accounted for confounders and 
were thus included in a meta-analysis (Figure 7). The pooled analysis suggests that seroma risks 
in patients who received or did not receive ADMs during their IBR were comparable (adjOR 
1.52, 95% CI 0.62 to 3.71; I2 =52%). The single RCT (McCarthy 2012) provided a highly 
imprecise estimate, but it was not significantly different from the NRCSs’ estimates (P=0.30 
from a metaregression). Effect sizes ranged from 0.29 to 4.24 across all studies. 

Figure 7. Key Question 5: Use versus nonuse of human ADMs during IBR – Meta-analysis for 
seroma 

 
Abbreviations: ADM = acellular dermal matrix, CI = confidence interval, IBR = implant-based reconstruction, I2 = measure of 
statistical heterogeneity (% of total variability that is due to between-study variability), NR = not reported, OR = odds ratio.  

The two NRCSs that were not included in the meta-analysis (Craig 2019 and Sorkin 2017) 
reported inconsistent findings. Craig 2019, excluded because it reported an adjusted effect size 
for only the subgroup of patients who did not receive postoperative radiation therapy, reported 
that patients who received ADMs had a higher risk of seroma at 7 months of followup (adjOR 
3.19, 95% CI 1.84 to 5.52). However, Sorkin 2017, excluded because of the lack of a reported 
adjusted effect size, reported that risks of seroma at 2 years of followup in ADM use and nonuse 
groups were comparable (P=0.97).  
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Implant Rupture, Malposition, and Extrusion 
One NRCS (Sorkin 2017) reported that risks of implant rupture (defined as implant rupture, 

leakage, or deflation) were comparable in ADM use and nonuse groups (P=0.665) (Table 21). 
An adjusted effect size was not reported. Two NRCSs (Sorkin 2017 and Vardanian 2011) 
reported on implant malposition, but the data were conflicting. Sorkin 2017, without reporting 
an adjusted effect size, reported that risks of implant malposition were comparable between 
ADM use and nonuse groups (P=0.916), but Vardanian 2011 reported that ADM use was 
associated with a lower risk of implant malposition (adjOR 0.23, 95% CI 0.06 to 0.78). One 
NRCS (Seth 2012) reported a highly imprecise estimate comparing risks of implant extrusion 
between ADM use and nonuse groups. 

Implant Failure/Loss or Need for Explant Surgery 
Ten NRCSs reported data on implant failure/loss or need for explant surgery (Appendix 

Table E-5.17). Among them, six NRCSs (Hirsch 2014, Nealon 2020b, Pannucci 2013, Seth 
2012, Sorkin 2017, and Woo 2017) reported effect sizes that adequately accounted for 
confounders and were thus included in a meta-analysis (Figure 8). The pooled analysis suggested 
a near-significant increased risk in patients who received ADMs during their IBR (adjOR 1.28, 
95% CI 0.97 to 1.70; I2 =16%). AdjORs ranged from 0.41 to 1.92 across these studies. 

Figure 8. Key Question 5: Use versus nonuse of human ADMs during IBR – Meta-analysis for 
implant failure/loss or need for explant surgery 

 
Abbreviations: ADM = acellular dermal matrix, mo = months, CI = confidence interval, IBR = implant-based reconstruction, I2 = 
measure of statistical heterogeneity (% of total variability that is due to between-study variability), NR = not reported. 

The four NRCSs that were not included in the meta-analysis (Craig 2019, Ibrahim 2013, 
Qureshi 2016, and Peled 2012) reported inconsistent findings. Craig 2019, excluded because it 
reported an adjusted effect size for only the subgroup of patients who did not receive 
postoperative radiation therapy, reported that patients who received ADMs had a higher risk of 
implant failure/loss at 7 months of followup (adjOR 1.90, 95% CI 1.03 to 3.51). The other three 
NRCSs were excluded because they did not report an adjusted effect size. Ibrahim 2013 reported 
that risks of implant failure were comparable whether or not ADMs were used (P=0.9). 
However, Qureshi 2016 reported an adjOR for explant surgery of 0.2 (without CIs or a P value) 
and Peled 2012 reported that ADM use was associated with a lower risk of implant failure/loss 
(P<0.05). 

Capsular Contracture and Harms to the Inframammary Fold 
Four NRCSs (Nealon 2020b, Sobti 2018, Sorkin 2017, and Vardanian 2011) reported on risk 

of capsular contracture, but their findings were inconsistent (Table 21). We do not report a 
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meta-analysis for this outcome due to substantial statistical heterogeneity (i.e., marked between-
study variability in results, as suggested by an I2 of 85%). Three of these NRCSs reported that 
rates of capsular contracture were comparable, irrespective of ADM use. These included one 
NRCS at 2 years of followup (Sorkin 2017) and two at approximately 5 years of followup 
(Nealon 2020b and Sobti 2018). Vardanian 2011, however, reported that ADM use was 
associated with a lower risk of capsular contracture at 2.4 years of followup (adjOR 0.18, 95% 
CI 0.08 to 0.43). 

One NRCS (Vardanian 2011) reported on harms to the inframammary fold, defined as 
issues related to the integrity of the fold but not bottoming-out or shifting of the fold. ADM use 
was associated with a lower risk of this outcome (adjOR 0.49, 95% CI 0.23 to 1.01).  

Hematoma 
Five NRCSs reported data on hematoma (Appendix Table E-5.20). Four of these NRCSs 

(Hirsch 2014, Nealon 2020b, Seth 2012, and Sobti 2018) reported effect sizes that adequately 
accounted for confounders and were thus included in a meta-analysis (Figure 9). The pooled 
analysis suggested that risks of hematoma were comparable whether or not ADMs were used 
during IBR (adjOR 0.87, 95% CI 0.54 to 1.41; I2 =0%). AdjORs ranged from 0.50 to 1.47 across 
these studies. 

Figure 9. Key Question 5: Use versus nonuse of human ADMs during IBR – Meta-analysis for 
hematoma 

 
Abbreviations: ADM = acellular dermal matrix, CI = confidence interval, IBR = implant-based reconstruction, I2 = measure of 
statistical heterogeneity (% of total variability that is due to between-study variability), OR = odds ratio.  

Sorkin 2017, excluded from the meta-analysis because of the lack of a reported adjusted 
effect size, also reported that risks of hematoma were comparable whether or not ADMs were 
used (P=0.15). 

Composite or Unspecified Harms 
One RCT (Wendel 2013) and seven NRCSs (Brooke, 2012, Hirsch 2014, Liu 2011, Safran 

2020, Sorkin 2017, Weichman 2012, and Woo 2017) reported on various composite or 
unspecified harms (Table 23). We did not conduct a meta-analysis of these studies because of 
great variability in how these outcomes were defined.  

The RCT (Wendel 2013) reported that no serious adverse events occurred in either the 
ADM use or nonuse groups. Among the NRCSs, Liu 2011 reported a higher risk of surgical 
complications among patients who received ADMs than those who did not (adjOR 1.76, 95% CI 
1.03 to 3.01) and Sorkin 2017 reported a higher risk of major complications among patients 
who received ADMs than those who did not (adjOR 1.43, 95% CI 1.00 to 2.05). The other five 
NRCSs reported comparable risks in ADM and non-ADM groups for various other composite or 
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unspecified harms, such as any complication and operative complications except explant 
surgery. 

Heterogeneity of Treatment Effects (Subgroup Differences) 
No study evaluated whether the relative effect of ADM use varied in different subgroups of 

patients who underwent IBR. Craig 2019 reported wound dehiscence data among the subgroup 
of women who had not received postoperative radiation therapy, but did not compare these 
results with those who had. Across studies, the studies were too sparse to allow exploration of 
possible differences based on patient or other characteristics. 

Applicability 
Only one eligible study, which was conducted in the U.S., reported on race, with the large 

majority of women being White. However, most studies (18 of 20) were conducted in North 
America. Generally, the studies addressing this KQ contribute evidence that is directly applicable 
to the population of women receiving implants in the U.S. who have been shown to be between 
80 and 90 percent White.14 All 20 studies addressing this KQ were published in the last 9 years. 

Summary of Comparison of Use Versus Nonuse of Human ADMs 
There is moderate SoE that, when compared with ADM nonuse during IBR, ADM use is 

associated with comparable risks of seroma and unplanned repeat surgeries for revision of 
reconstruction, but increased risk of implant failure/loss or need for explant surgery (Table 24). 
There is low SoE that ADM use may not impact the clinical outcomes of physical well-being, 
psychosocial well-being, and patient satisfaction with aesthetics, and the surgical complications 
of pain and capsular contracture. There is also low SoE of comparable risks between ADM use 
and nonuse groups in necrosis and seroma, but of increased risk of infections that are not 
explicitly related to implants or ADMs.  
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Table 20. Key Question 5: Use versus nonuse of human ADMs during IBR – Continuous outcomes, clinical outcomes 
Study, Year, 
PMID, Country 

Outcome Outcome 
Measurement 

Design Overall 
RoB 

Time 
Point 

Use of 
ADM, 
N  

Use of 
ADM, 
Mean 
(SD) 

Nonuse 
of 
ADM, N  

Nonuse of 
ADM, Mean 
(SD) 

Effect Size  
(95% CI) 

P 
Value 

McCarthy, 
2012, 
23096987, US 

Physical WB BREAST-Q (0-
100): Chest 
and upper body 

RCT Moderate Expansion  36 68.6 
(10.6) 

33 69.3 (7.9) NMD 0.60 (−4.87, 
6.07)* 

0.83 

Physical WB BREAST-Q (0-
100): Chest 
and upper body 

RCT Moderate After 
expansion  

36 79.7 
(15.1) 

33 80.5 (13.3) NMD 0.50 (−5.93, 
6.93)* 

0.88 

Cattelani, 2018, 
29275104, Italy 

Physical WB Constant 
Murley Score 

NRCS High 1 d 39 
 

71.62 
(8.87) 

45 
 

60.36 (10.54) 
 

NR <0.001 
 

Physical WB Constant 
Murley Score 

NRCS High 7 d 39 65.67 
(9.31) 

45 52.36 (12.23) NR <0.001 

Physical WB DASH score NRCS High 1 y 39 9.92 
(17.87) 

45 29.18 (16.91) NR <0.001 

Sorkin, 2017, 
28806288, US 
& Canada 

Psychosocial 
WB 

BREAST-Q (0-
100): Psycho-
social WB 

NRCS Moderate 2 y 396 75.1 
(19.4) 

299 72.9 (18.2) adjMD 0.31 (−2.98, 
3.61) 

0.85 

Cattelani, 2018, 
29275104, Italy 

Psychosocial 
WB 

Return to usual 
work  

NRCS High NR 39 34.56 d 
(21) 

45 57.31 d (37.77) NR <0.001 
 

Sorkin, 2017, 
28806288, US 
& Canada 

Sexual WB BREAST-Q (0-
100):  

NRCS Moderate 2 y 279 
 

53.2 
(21) 
 

292 
 

53.9 (20.5) 
 

adjMD −1.72 
(−4.71, 1.28) 

0.26 

Cattelani, 2018, 
29275104, Italy 

Satisfaction 
with 
aesthetics 

BREAST-Q: 
Satisfaction 
with breast 

NRCS High 1 y 39 92.2 
(9.03) 

45 76.1 (14.6) NR <0.001 

Sorkin, 2017, 
28806288, US 
& Canada 

Satisfaction 
with 
aesthetics 

BREAST-Q: 
Satisfaction 
with breast 

NRCS Moderate 2 y 399 64.0 
(18.1) 

303 63.3 (17.5) adjMD −0.86 
(−4.02, 2.31) 

0.59 

Abbreviations: adj = adjusted, ADM = acellular dermal matrix, BREAST-Q: breast questionnaire, CI = confidence interval, d = days, DASH = Disabilities of the Arm, Shoulder, 
and Hand, h = hours, IBR = implant-based reconstruction, MD = mean difference, N/A = not applicable, NMD = net mean difference, NR = not reported, NRCS = nonrandomized 
comparative study, PMID = Pubmed identifier, RCT = randomized controlled trial, RoB = risk of bias, SD = standard deviation, WB = well-being, y = years.   
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Table 21. Key Question 5: Use versus nonuse of human ADMs during IBR – Categorical outcomes not meta-analyzed 
Study, Year, 
PMID, Country 

Design Overall 
RoB 

Outcome Outcome 
Measurement 

Time 
Point 

Subgroup Use of 
ADM, n/N 
(%) 

Nonuse of 
ADM, n/N 
(%) 

Effect Size (95% CI) P 
Value 

Wendel, 2013, 
None, US  

RCT High Mortality Death 1 mo All 
patients 

0/20 (0) 0/16 (0) No events N/A 

Ibrahim, 2013, 
24165587, US 

NRCS Moderate Unplanned 
repeat surgeries 
for revision 

NR 6 mo All 
patients 

237/3283 
(0.5) 
 

990/15714 
(0.6) 

NR 0.14 

Nealon, 2020b, 
31605310, US  

NRCS High Unplanned 
repeat surgeries 
for revision 

NR 5.3 y All 
patients 

NR NR adjOR 0.86 (0.69, 
1.08) 

0.19 

Sobti, 2018, 
29481386, US 

NRCS High Unplanned 
repeat surgeries 
for revision 

Revision for 
malposition or 
size 

5 y All 
patients 

47/465 
breasts 
(10.11) 

24/217 
breasts 
(11.06) 

adjOR 1.10 (0.63, 
1.92) 

NR 
 

Peled, 2012, 
22634688, US 

NRCS High Unplanned 
repeat surgeries 
for 
complications 

For wound-
healing/infectious 
complication 

2.6-3.3 
y 

All 
patients 

11/100 
breasts 
(11) 
 

21/90 
breasts 
(23.3) 
 

NR <0.05 

Ibrahim, 2013, 
24165587, US 

NRCS Moderate Thromboembolic 
events 

Deep vein 
thrombosis 

NR All 
patients 

9/3283 
(0.3) 

35/15714 
(0.2) 

NR 0.47 

NRCS Moderate Thromboembolic 
events 

Pulmonary 
embolism 

NR All 
patients 

2/3283 
(0.06) 

29/15714 
(0.2) 

NR 0.11 

Craig, 2019, 
29800083, US 

NRCS Low Wound 
dehiscence 

NR 7 mo All 
patients 

35/574 
breasts 
(6.1) 

20/796 
breasts (2.5) 

NR NR 

NRCS Low Wound 
dehiscence 

NR 7 mo Postop 
radiation 

42/88 
breasts 
(47.7) 

27/113 
breasts 
(23.9) 

NR NR 

NRCS Low Wound 
dehiscence 

NR 7 mo No postop 
radiation 

30/486 
breasts 
(6.2) 

17/683 
breasts (2.5) 

adjOR 2.46 (1.23, 
4.93) 

NR 

Ibrahim, 2013, 
24165587, US 

NRCS Moderate Wound 
dehiscence 

NR NR All 
patients 

15/3283 
(0.5) 

98/15714 
(0.6) 

NR 0.26 

Qureshi, 2016, 
27465177, US 

NRCS High Wound 
dehiscence 

Dehiscence 
without necrosis 

2 y All 
patients 

NR/295 
(NR) 

NR/118 (NR) adjOR 0.4 (NR, NR) <0.05 

Sorkin, 2017, 
28806288, US & 
Canada 

NRCS Moderate Wound 
dehiscence 

Wound 
disruption 

2 y All 
patients 

22/655 
(3.4) 
 

5/642 (0.8) 
 

NR 0.020 
 

Woo, 2017, 
28509694, South 
Korea 

NRCS High Delayed healing Delayed wound 
healing or skin 
flap necrosis  

NR All 
patients 

32/199 
(16.1) 

32/199 
(16.1) 

adjOR 1.41 (0.67, 
2.96) 

0.37 
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Study, Year, 
PMID, Country 

Design Overall 
RoB 

Outcome Outcome 
Measurement 

Time 
Point 

Subgroup Use of 
ADM, n/N 
(%) 

Nonuse of 
ADM, n/N 
(%) 

Effect Size (95% CI) P 
Value 

Sorkin, 2017, 
28806288, US & 
Canada 

NRCS Moderate Implant rupture Implant rupture, 
leakage, or 
deflation 

2 y All 
patients 

10/655 
(1.5) 

7/642 (1.1) NR 0.67 

Sorkin, 2017, 
28806288, US & 
Canada 

NRCS Moderate Implant 
malposition 

NR 2 y All 
patients 

8/655 
(1.2) 

4/642 (0.6) NR 0.92 

Vardanian, 2011, 
22030500, US 

NRCS High Implant 
malposition 

NR 2.4 y All 
patients 

4/208 
breasts 
(1.9) 

12/129 
breasts (9.3) 

adjOR 0.23 (0.06, 
0.78) 

NR 

Seth, 2012, 
23018687, US 

NRCS High Implant 
extrusion 

NR 2 y All 
patients 

2/199 
breasts 
(1) 

9/293 
breasts (2.3) 

adjOR 0.43 (0.09, 
2.02) 

NR 
 

Nealon, 2020b, 
31605310, US 

NRCS High Capsular 
contracture 

NR 5.3 y All 
patients 

NR NR adjOR 0.78 (0.46, 
1.36) 

0.38 

Sobti, 2018, 
29481386, US 

NRCS High Capsular 
contracture 

NR 5 y All 
patients 

21/465 
breasts 
(4.52) 

7/217 
breasts 
(3.23) 

Nonuse vs use of 
ADM: adjOR 0.57 
(0.23, 1.43) 

NR 

Sorkin, 2017, 
28806288, US & 
Canada 

NRCS Moderate Capsular 
contracture 

NR 2 y All 
patients 

11/655 
(1.7) 

11/642 (1.7) NR 0.76 

Vardanian, 2011, 
22030500, US 

NRCS High Capsular 
contracture 

NR 2.4 y All 
patients 

8/208 
breasts 
(3.8) 

25/129 
breasts 
(19.4) 

adjOR 0.18 (0.08, 
0.43) 

NR 

Vardanian, 2011, 
22030500, US 

NRCS High Other harms, 
Harms to 
inframammary 
fold 

Inframammary 
fold issues other 
than bottoming-
out or shifting, 
but related to the 
integrity of the 
fold 

2.4 y All 
patients 

17/208 
breasts 
(8.2) 
 

25/129 
breasts 
(19.4) 
 

adjOR 0.49 (0.23, 
1.01) 

NR 

Abbreviations: ADM = acellular dermal matrix, CI = confidence interval, d = days, IBR = implant-based reconstruction, N/A = not applicable, NR = not reported, NRCS = 
nonrandomized comparative study, PMID = Pubmed identifier, RoB = risk of bias. 
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Table 22. Key Question 5: Use versus nonuse of human ADMs during IBR – Continuous outcomes, pain and analgesic use 
Study, Year, 
PMID, 
Country 

Design Overall 
RoB 

Outcome Outcome 
Measurement 

Time 
Point 

Use 
of 
ADM, 
N  

Use of 
ADM, 
Mean (SD) 

Nonuse 
of 
ADM, N  

Nonuse of 
ADM, Mean 
(SD) 

Effect Size  
(95% CI) 

P 
Value 

McCarthy, 
2012, 
23096987, US 

RCT Moderate Pain Visual analog 
scale (0-100) 

24 h 36 
 

54.6 (27.6) 
 

33 
 

42.8 (24.5) 
 

NMD 6.2 (−4.9, 
17.3)* 

0.27 
 

RCT Moderate Pain Visual analog 
scale (0-100) 

Expansion 
phase 

36 
 

17 (15.9) 
 

33 
 

4.6 (8.9) 
 

NMD 6.8 (1.1, 
12.5)* 

0.019 
 

RCT Moderate Pain Visual analog 
scale (0-100) 

After 
expansion  

36 
 

5.6 (11.6) 
 

33 
 

4.6 (8.9) 
 

NMD −4.6 (−9.8, 
0.6)* 

0.081 
 

Cattelani, 
2018, 
29275104, Italy 

NRCS High Pain BPI-SF (0-
100) 

1 d 39 
 

17.56 
(15.52) 
 

45 
 

44.11 (15.83) 
 

NR <0.001 
 

NRCS High Pain BPI-SF (0-
100) 

7 d 39 8.23 
(15.39) 

45 21.96 (18.59) NR <0.001 

McCarthy, 
2012, 
23096987, US 

RCT Moderate Analgesic 
use 

Oral codeine 
equivalents 

0-6 h 33 
 

228 (153) 
 

30 
 

256 (197) 
 

MD −28 mg (−116, 
60)*  

0.77 
 

RCT Moderate Analgesic 
use 

Oral codeine 
equivalents 

6-24 h 33 619 (519) 30 715 (533) MD −96 mg (−356, 
164)* 

0.38 

RCT Moderate Analgesic 
use 

Oral codeine 
equivalents 

0-24 h 36 776 (602) 32 910 (634) MD −134 mg 
(−440, 172)* 

0.38 

Abbreviations: ADM = acellular dermal matrix, BPI-SF = Brief Pain Inventory-Short Form, CI = confidence interval, d = days, h = hours, IBR = implant-based reconstruction, 
MD = mean difference, mg = milligrams, NR = not reported, NRCS = nonrandomized comparative study, PMID = Pubmed identifier, RCT = randomized controlled trial, RoB = 
risk of bias, SD = standard deviation. 

* Calculated. 
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Table 23. Key Question 5: Use versus nonuse of human ADMs during IBR – Categorical outcomes, composite or unspecified harms 
Study, Year, 
PMID, Country 

Design Overall 
RoB 

Outcome Measurement Time 
Point  

Use of 
ADM, 
n/N (%) 

Nonuse of 
ADM, n/N 
(%) 

Effect Size (95% CI) P 
Value 

Wendel, 2013, 
None, US 

RCT High Serious adverse events 1 mo 0/20 (0) 0/16 (0) N/A N/A 

Brooke, 2012, 
22868313, US  

NRCS High Clinically significant complications, defined as 
cellulitis, abscess, seroma, expander leak or 
puncture, skin necrosis, wound dehiscence, 
or hematoma requiring readmission, 
reoperation, and/or expander explantation 

NR 37/221 
breasts 
(17) 

7/64 breasts 
(11) 

NR 0.48 

Hirsch, 2014, 
25347643, US 

NRCS Low Any complication 3.5 y NR NR adjOR 0.9 (0.6, 1.34) 0.6 
NRCS Low Operative complication except explantation 3.5 y NR NR adjOR 0.68 (0.46, 1.02) 0.46 
NRCS Low Nonoperative complication 3.5 y NR NR adjOR 0.67 (0.26, 1.74) 0.43 

Liu, 2011, 
21228744, US 

NRCS High Surgical complications NR 52/266 
(19.5) 

25/204 
(12.3) 

adjOR 1.76 (1.03, 3.01) 0.036 

Safran, 2020, 
32221195, 
Canada 

NRCS High Any complication, including hematoma, 
infection, seroma, implant displacement, NAC 
full-thickness necrosis, superficial cellulitis, 
red breast syndrome, incision necrosis, 
delayed healing, hypergranulation, and NAC 
superficial necrosis. 

NR NR/243 
breasts 
(NR) 

NR/70 
breasts (NR) 

adjOR 1.59 (0.56, 4.50)  NR 

Sorkin, 2017, 
28806288, US & 
Canada 

NRCS Moderate Any complication 2 y 183/655 
(27.9) 

157/642 
(24.5) 

adjOR 1.21 (0.86, 1.7) 0.26 
 

NRCS Moderate Major complications 2 y 147/655 
(22.4) 

101/642 
(15.7) 

adjOR 1.43 (1.00, 2.05) 0.052 

Weichman, 
2012, 22544088, 
US 

NRCS Moderate Complications including mastectomy skin flap 
necrosis, mastectomy skin flap necrosis and 
associated infection, infection alone, seroma, 
and hematoma 

3 y NR/442 
breasts 
(NR) 
 

NR/186 
breasts (NR) 
 

NR <0.05 

Woo, 2017, 
28509694, South 
Korea 

NRCS High Major complication: Complications 
necessitating additional surgery or 
intervention 

NR 26/199 
(13.1) 

38/199 
(19.1) 

adjOR 1.1 (0.5, 2.4) 0.81 

Abbreviations: adj = adjusted, ADM = acellular dermal matrix, CI = confidence interval, IBR = implant-based reconstruction, mo = months, N/A = not applicable, NR = not 
reported, NRCS = nonrandomized comparative study, OR = odds ratio, PMID = Pubmed identifier, RCT = randomized controlled trial, RoB = risk of bias, y = years. 
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Table 24. Key Question 5: Use versus nonuse of human ADMs during IBR – Evidence profile 
Outcome 
Category 

Outcome N Studies 
(Patients) 

RoB Consistency Precision Directness Other SoE Conclusions 

Clinical  Physical well-being 2 (153) Moderate Inconsistent Unclear Direct None Insufficient Inconsistent results 
Psychosocial well-being 2 (775) Moderate Inconsistent Unclear Direct None Insufficient Inconsistent results 
Sexual well-being 1 (571) Moderate N/A Precise Direct Sparse Insufficient None  
Patient satisfaction with 
aesthetics 

2 (786) Moderate Inconsistent Precise Direct None Insufficient Inconsistent results 

Mortality 1 (36) High N/A N/A Direct Sparse Insufficient None  
Surgical 
complications 

Unplanned repeat 
surgeries for revision 

3 (20808) High Consistent Precise Direct None Moderate Comparable in both 
groups 

Unplanned repeat 
surgeries for complications 

1 (128) High N/A Unclear Direct Sparse Insufficient None 

Pain 2 (153) Moderate Inconsistent Unclear Direct None Insufficient Inconsistent results 
Analgesic use 1 (68) Moderate N/A Precise Direct Sparse Insufficient None  
Necrosis 6 (1947) High Consistent Precise Direct None Low Comparable in both 

groups: adjOR 0.89 
(95% CI 0.63, 1.25); 4 
studies 

Implant-rupture 1 (1297) Moderate N/A Unclear Direct Sparse Insufficient None  
Implant malposition 2 (1500) Moderate Inconsistent Unclear Direct None Insufficient None  
Implant failure/loss or 
need for explant surgery 

10 
(38829) 

Moderate Consistent Precise Direct None Moderate Higher risk with ADM: 
adjOR 1.28 (95% CI 
0.97, 1.70); 6 studies 

Capsular contracture 4 (3331) High Inconsistent Precise Direct None Insufficient Inconsistent results 
Thromboembolic events 1 (18997) Moderate N/A Unclear Direct Sparse Insufficient None  
Infections (not explicitly 
implant- or ADM-related) 

13 
(25074) 

Moderate Inconsistent Precise Direct None Low Higher risk with ADM: 
adjOR 1.56 (95% CI 
0.96, 2.53); 7 studies 

Wound dehiscence 4 (21644) Moderate Inconsistent Unclear Direct None Insufficient Inconsistent results 
Delayed healing 1 (398) High N/A Imprecise Direct Sparse Insufficient None  
Seroma 6 (3421) Moderate Consistent Precise Direct None Moderate Comparable in both 

groups: adjOR 1.52 
(95% CI 0.62, 3.71); 4 
studies 

Abbreviations: adj = adjusted, ADM = acellular dermal matrix, CI = confidence interval, N/A = not applicable, OR = odds ratio, RoB = risk of bias, SoE = strength of evidence. 

Table F-5 provides the complete version of this Evidence Profile, including displaying all outcomes for which no evidence was identified. 
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Key Question 6. Comparisons of Flap Types for Autologous 
Reconstruction 

Key Points 
• TRAM versus DIEP flaps 

o AR with TRAM and DIEP flaps may result in comparable levels of patient 
satisfaction with breast aesthetics (Low SoE).  

o Although risks of necrosis may be comparable (Low SoE), AR with TRAM flaps 
probably poses a greater risk of harms to the area of flap harvest (abdominal 
bulge/hernia and need for abdominal hernia repair surgery) (Moderate SoE). 

o There is insufficient evidence to make conclusions about other clinical outcomes 
(physical, psychosocial, or social well-being, patient satisfaction with aesthetics, 
and duration of initial hospitalization) or about surgical complications (infections 
and wound dehiscence).  

• DIEP versus LD flaps 
o AR with DIEP and LD flaps may lead to comparable levels of patient satisfaction 

with breast aesthetics (Low SoE). 
o There is insufficient evidence to make conclusions about patient satisfaction with 

the surgical outcome. 
o No studies addressed surgical complications. 

• Other comparisons of flaps 
o There is insufficient evidence regarding various clinical outcomes or surgical 

complications. 
 

We found 11 studies (reported in 13 articles38, 79, 198-208) that conducted randomized or 
adjusted analyses for the comparison of different flap types among women undergoing AR. An 
additional six studies (reported in 15 articles36, 37, 40, 42, 53, 65, 66, 69-71, 74, 75, 209-211) did not report any 
adjusted effect sizes or P values and are thus not discussed further in this section. Appendix 
Tables C-7, D-1, D-2, and D-3 describe all 17 studies, irrespective of whether they reported 
adjusted effect sizes. They reported data for six different flap types: TRAM, DIEP, LD, SIEA, 
lateral thoracodorsal (LTD), and thoracodorsal artery perforator (TAP). 

The 11 studies included two RCTs and nine NRCSs. Among the two RCTs, we rated 
Brandberg 2000 to be at high risk of bias because of the lack of blinding of participants, study 
personnel, and outcome assessors and because of incomplete outcome data and selective 
outcome reporting. We rated Rindom 2019 to be at moderate risk of bias because of the lack of 
blinding of participants, study personnel, and outcome assessors. Among the nine NRCSs, we 
rated eight to be at high risk of bias and one at moderate risk. High risk of bias ratings for 
NRCSs were mostly related to critical or serious risk of confounding and the lack of blinding of 
participants, study personnel, and/or outcome assessors. Not all NRCSs reported adjusted effect 
sizes with confidence intervals; some reported adjusted P values without effect sizes or effect 
sizes without confidence intervals or P values.  

The 11 studies included between 50 and 15,836 women and were conducted mostly in North 
America (four in the U.S., three in Canada, and one in both). The remaining three studies were 
conducted in Denmark, Sweden, and the U.K. Among the studies reporting data, the women’s 
mean ages ranged from 50 to 52 years and their mean BMIs ranged from 25.9 to 28.6 kg/m2. 
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Two studies, both from the U.S., reported on patient race; the majority (80% and 70%) of 
patients were White. Studies followed women for about up to 2 to 3 years.  

The study result summaries are in Tables 25 to 30. Full results are in Appendix Tables E-6.1 
to E-6.25. 

Clinical Outcomes 
Both RCTs (Brandberg 2000 and Rindom 2019) and three NRCSs (Erdmann-Sager 2018, 

Yueh 2009, and Zoghbi 2017) reported on clinical outcomes (Tables 25 to 29). 

Physical Well-Being  
One RCT (Rindom 2019) and 1 NRCS (Erdmann-Sager 2018) reported on scales of physical 

well-being (Table 25).  
Rindom 2019, which randomized women undergoing AR to receive either the LD or TAP 

flap, reported overall and subscale data for the Constant Murley Score evaluating physical 
function of the shoulder at 1 year of followup. The overall score ranges from 0 to 100, with 
subscale scores ranging from 0 to 15 (pain), 0 to 20 (activity in daily life), 0 to 40 (range of 
motion), and 0 to 25 (strength). Higher scores indicate better physical function of the shoulder. 
The MCID for the overall Constant Murley Score has been estimated to be 10 points.174 To our 
knowledge, MCIDs have not been estimated for the subscale scores. Rindom 2019 reported that, 
overall and across the subscales, women with TAP and LD flaps had clinically similar scores 
(Table 25). However, women who received TAP flaps had statistically significantly higher 
scores overall and for the pain and activity in daily life subscales, but not for the range of motion 
and strength subscales. 

Erdmann-Sager 2018 reported on physical well-being at 1 and 2 years of followup for 
patients undergoing AR with DIEP, free TRAM, pedicled TRAM, or SIEA flaps. Data were 
reported for the abdomen- and chest/upper body-specific components of the BREAST-Q 
physical function score (0 to 100; higher is better; MCID 3 for patients undergoing AR156). At 1 
year of followup, patients undergoing AR with DIEP flaps reported clinically better abdominal 
physical function than patients undergoing AR with TRAM flaps, whether free (adjMD 4.16, 
95% CI 0.02 to 8.33) or pedicled (adjMD 4.01, 95% CI 0.45 to 8.48). Similar results were 
observed at 2 years of followup. At 1 year, patients undergoing AR with SIEA flaps experienced 
abdominal physical function that was clinically better than patients who received DIEP flaps 
(adjMD 4.72, 95% CI −0.07 to 9.52). However, at 2 years, abdominal physical function scores 
were similar between SIEA and DIEP flap groups (adjMD 0.58, 95% CI −4.79 to 5.95).  

Erdmann-Sager 2018 reported that, at 1 year of followup, patients undergoing AR with DIEP 
flaps experienced clinically similar chest and upper body physical function as patients 
undergoing AR with TRAM flaps, whether free or pedicled. However, patients undergoing AR 
with SIEA flaps experienced clinically better chest and upper body physical function than 
patients who received DIEP flaps (adjMD 3.42, 95% CI −0.22 to 7.05). At 2 years of followup, 
though, chest and upper body physical function scores were comparable between SIEA and 
DIEP groups and between DIEP and both TRAM groups. 

Erdmann-Sager 2018 also reported data for the physical functioning and pain interference 
components of the PROMIS instrument. Both scores range from 0 to 100, with higher scores 
indicating poorer outcomes. For both scores, the MCID has been estimated to be 4 to 6 points.157 
At both 1 and 2 years of followup, Erdmann-Sager 2018 reported that physical functioning as 
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well as pain interference were clinically comparable between SIEA and DIEP groups and 
between DIEP and both TRAM groups. 

Psychosocial and Sexual Well-Being  
One NRCS (Erdmann-Sager 2018) reported on psychosocial well-being using the BREAST-

Q (0 to 100; higher is better; MCID 4 for patients undergoing AR156) (Table 26). At both 1 and 2 
years of followup, psychosocial well-being was clinically comparable between patients 
undergoing AR with DIEP flaps, free TRAM flaps, and pedicled TRAM flaps, and between 
patients undergoing AR with DIEP and SIEA flaps. 

Erdmann-Sager 2018 also reported on sexual well-being using the BREAST-Q (0 to 100; 
higher is better; MCID 5 for patients undergoing AR156) (Table 26). At both 1 and 2 years of 
followup, sexual well-being was clinically comparable between patients undergoing AR with 
DIEP flaps, free TRAM flaps, and pedicled TRAM flaps, and between patients undergoing AR 
with DIEP and SIEA flaps. 

Patient Satisfaction With Aesthetics  
One RCT (Brandberg 2000) and two NRCSs (Erdmann-Sager 2018 and Yueh 2009) reported 

on patient satisfaction with aesthetics (Tables 27 and 28). Brandberg 2000 randomized women 
undergoing AR to receive either TRAM, LD, or LTD flaps (Table 27). The authors constructed 
their own questionnaire that included six satisfaction-related items: cosmetic, shape, size, scars 
on the breast, donor site scars, and similarity with contralateral breast. Each item was measured 
on a scale of 1 to 6 and reported separately (without a total score), with higher scores 
representing greater satisfaction. To our knowledge, an MCID has not been estimated for this 
questionnaire. At 1 year of followup, scores for each of the six items were reported to be similar 
between the TRAM, LD, and LTD groups. All between-flap differences for each item were 
within 1 point. 

One NRCS (Erdmann-Sager 2018) reported on patient satisfaction with breast aesthetics at 1 
and 2 years of followup for patients undergoing AR with DIEP, free TRAM, pedicled TRAM, or 
SIEA flaps. Data were reported using the BREAST-Q satisfaction with breast score (0 to 100; 
higher is better; MCID 5 for patients undergoing AR156). At both 1 and 2 years of followup, 
satisfaction levels with breast aesthetics were clinically similar between patients undergoing AR 
with DIEP flaps, free TRAM flaps, and pedicled TRAM flaps, and between patients undergoing 
AR with DIEP and SIEA flaps.  

The other NRCS (Yueh 2009), which evaluated patients who underwent AR with DIEP, 
TRAM, or LD flaps, reported data on whether or not patients were satisfied with their breast 
aesthetics (Table 28). The proportions of patients reporting that they were satisfied with their 
breast aesthetics were similar between patients with DIEP and TRAM flaps (adjOR 0.67, 95% CI 
0.37 to 1.23) and between patients with LD and DIEP flaps (adjOR 0.78, 95% CI 0.54, 1.14). 

Patient Satisfaction With Surgical Outcome 
One NRCS (Yueh 2009) reported that proportions of patients who reported satisfaction with 

their surgical outcome (defined as general satisfaction with surgery) were similar between 
patients who underwent AR with DIEP, TRAM, and LD flaps (Table 28).  
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Recurrence of Breast Cancer 
One RCT (Brandberg 2000) reported low risks of breast cancer recurrence at 1 year of 

followup across flap types in patients who underwent AR with TRAM, LD, or LTD flaps (Table 
28). Data for between-flap comparisons were highly imprecise. 

Duration of Initial Hospitalization 
One RCT (Rindom 2019) and one NRCS (Zoghbi 2017) reported data for duration of initial 

hospitalization (Tables 27 and 28). Rindom 2019 reported that patients randomized to AR with 
LD or TAP flaps had similar durations of initial hospitalization (adjMD 0.9 days, 95% CI −1.4 to 
3.2) (Table 27). Zoghbi 2017, which was a large NRCS (15,836 women), reported that women 
with TRAM flaps had a statistically significantly longer hospital stays than women with DIEP 
flaps (P<0.001; an adjusted effect size was not reported). Zoghbi 2017 also reported that women 
with TRAM flaps had higher odds of having an increased length of stay (adjOR 1.59, 95% CI 
1.45 to 1.72) (Table 28). 

Mortality 
One RCT (Brandberg 2000) reported low rates of mortality at 1 year of followup across flap 

types in patients who underwent AR with TRAM, LD, or LTD flaps (Table 29). Data for 
between-flap comparisons were highly imprecise. 

Surgical Complications 
Both RCTs (Brandberg 2000 and Rindom 2019) and eight NRCSs (Abedi 2016, Erdmann-

Sager 2018, Knox 2016, Kroll 2000, Massenburg 2015, Mennie 2015, Zhong 2014, and Zoghbi 
2017) reported on surgical complications of various flap types.  

Unplanned Repeat Surgeries for Revision of Reconstruction 
One NRCS (Massenburg 2015) reported on unplanned repeat surgeries for revision of 

reconstruction in women who underwent AR with pedicled TRAM or LD flaps (Table 28). 
Compared with women who underwent AR with LD flaps, risks of unplanned repeat surgery at 1 
month of followup were higher in women who underwent AR with pedicled TRAM flaps (adjOR 
1.71, 95% CI 1.25 to 2.33). 

Pain and Necrosis 
One RCT (Rindom 2019) reported that patients who underwent AR with TAP flaps were 

considerably lower odds than patients who underwent AR with LD flaps of experiencing 
shoulder-related pain at 1 year of followup (OR 0.05, 95% CI 0.005, 0.51) (Table 29). 

One RCT (Rindom 2019) and two NRCSs (Abedi 2016 and Kroll 2000) reported on the 
outcome of necrosis (Table 29). Rindom 2019 randomized patients to undergo AR with LD or 
TAP flaps (both flaps required the use of implants). Data were reported for major necrosis 
(defined as necrosis necessitating removal of the implant) and minor necrosis (defined as 
epidermolysis or small necrosis of the most distal part of the flap) at 1 year of followup. For both 
outcomes, data for between-flap comparisons were highly imprecise. Abedi 2016 reported that 
risks of mastectomy flap necrosis at 1.6 to 1.9 years of followup were comparable between 
patients who underwent AR with DIEP and TRAM flaps (P=0.610; adjusted effect size not 
reported). Kroll 2000 reported, however, that the risk of fat necrosis at 3 months of followup 
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was higher among patients undergoing AR with DIEP flaps than TRAM flaps (adjOR 2.10, 95% 
CI 0.87, 5.10), but this was not statistically significant. 

Harms to Area of Flap Harvest 
Four NRCSs (Erdmann-Sager 2018, Knox 2016, Mennie 2015, and Zhong 2014) reported on 

harms to the area of flap harvest (Table 29). Erdmann-Sager 2018 reported that, at 2 years of 
followup, compared with patients who underwent AR with DIEP flaps, patients with who 
underwent AR with free TRAM flaps had a lower risk of donor site complications (adjOR 0.52, 
95% CI 0.27 to 1.02), while women who underwent AR with SIEA flaps had a higher risk 
(adjOR 2.73, 95% CI 1.51 to 4.96). Patients who underwent AR with DIEP and pedicled TRAM 
flaps had comparable risks.  

The other three NRCSs (Knox 2016, Mennie 2015, and Zhong 2014) reported that AR with 
TRAM flaps were associated with greater risks of harms to the area of flap harvest than was AR 
with DIEP flaps. Higher risks of abdominal bulge/hernia were reported for AR with TRAM 
flaps by Knox 2016 (adjOR 5.2, 95% CI 1.3 to 20.9) and by Zhong 2014 (adjOR 2.73, 95% CI 
1.01 to 7.07). Mennie 2015 reported higher rates of hernia repair surgery in both the free 
TRAM flap group (adjOR 1.81, 95% CI 1.24 to 2.64) and the pedicled TRAM flap group (adjOR 
2.89, 95% CI 1.91 to 4.37) when compared with the DIEP flap group. 

Infections, Wound Dehiscence, Seroma, and Hematoma 
One RCT (Rindom 2019) and one NRCS (Zoghbi 2017) reported on the outcome of 

infections (Table 29). Rindom 2019 reported low rates (one case of infection each) in the LD 
and TAP groups. Data for between-flap comparisons were highly imprecise. Zoghbi 2017 
reported that wound infections were more common in women who underwent AR with TRAM 
than DIEP flaps (adjOR 1.67, 95% CI 1.23 to 2.27). 

One NRCS (Zoghbi 2017) reported that the risk of wound dehiscence was higher among 
patients undergoing AR with TRAM than DIEP flaps (adjOR 4.3; CIs not reported; P<0.001) 
(Table 29). 

One RCT (Rindom 2019) reported on the outcome of seroma in patients randomized to AR 
with either LD or TAP flaps (Table 29). Only one case of seroma occurred in the LD group and 
none in the TAP group. Data for the between-flap comparison were highly imprecise. 

One RCT (Rindom 2019) reported on the outcome of hematoma at 1 year of followup in 
patients randomized to AR with either LD or TAP flaps (Table 29). Only one case of hematoma 
occurred in the TAP group and none in the LD group. Data for the between-flap comparison 
were highly imprecise. 

Flap Failure/Loss 
Two NRCSs (Kroll 2000 and Massenburg 2015) reported on flap failure or loss (Table 29). 

Kroll 2000 reported a considerably higher risk of partial flap loss at 3 months of followup 
among patients undergoing AR with DIEP than TRAM flaps (adjOR 6.74, 95% CI 1.83 to 24.7). 
Without specifying whether flap failure/loss was defined as partial or total, Massenburg 2015 
reported that, compared with patients who underwent AR with LD flaps, higher risks of flap 
failure/loss were observed at 1 month of followup in patients who underwent AR with pedicled 
TRAM flaps (adjOR 2.28, 95% CI 1.38 to 3.77). 
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Composite or Unspecified Harms 
One RCT (Rindom 2019) and three NRCSs (Erdmann-Sager 2018, Massenburg 2015, and 

Zhong 2014) reported on various composite or unspecified harms (Table 30). There was 
considerable inconsistency across studies in how harms were defined.  

Rindom 2019 reported on both major and minor complications at 1 year of followup in 
patients randomized to undergo AR with either LD or TAP flaps. For both outcomes, data for the 
between-flap comparisons were highly imprecise.  

Zhong 2014 reported on major breast complications, defined as the composite of total or 
partial flap loss, fat necrosis, and breast hematoma (time point not reported). Patients who 
received AR with DIEP or LD flaps experienced similar risks for this composite outcome. 

Erdmann-Sager 2018 reported that, at 2 years of followup, compared with patients who 
underwent AR with DIEP flaps, patients who underwent AR with free TRAM flaps had a lower 
risk of any complication (adjOR 0.51, 95% CI 0.25 to 1.02). Women who underwent AR with 
pedicled TRAM flaps or SIEA flaps had risks that were comparable to women who underwent 
AR with DIEP flaps. 

Massenburg 2015 reported that, compared with patients who underwent AR with LD flaps, 
higher risks of any complication were observed at 1 month of followup in patients who 
underwent AR with pedicled TRAM flaps (adjOR 1.92, 95% CI 1.45 to 2.55). Similarly, higher 
risks of the composite outcome of superficial or deep surgical site infection, organ space 
infection, or wound disruption/dehiscence were also observed at 1 month of followup in 
patients who underwent AR with free TRAM flaps (adjOR 1.46, 95% CI 1.00 to 2.12) or 
pedicled TRAM flaps (adjOR 1.80, 95% CI 1.29 to 2.51). 

Heterogeneity of Treatment Effects (Subgroup Differences) 
None of the studies reported subgroup results or other analyses of possible heterogeneity of 

treatment effects. The studies were too sparse to allow exploration of possible differences based 
on patient or other characteristics. 

Applicability 
Although only 2 (of 11) studies addressing this KQ reported information about patient race, 

most studies (8 of 11) were conducted in North America. Generally, these studies contribute 
evidence that is directly applicable to the population of women undergoing AR in the U.S. 
However, in addition to the paucity of the evidence for the flap types addressed, we did not find 
any studies of other flap types that are used in the U.S. These include the profunda artery 
perforator (PAP), superior gluteal artery perforator (SGAP), transverse musculocutaneous 
gracilis (TMG), and transverse upper gracilis (TUG) flaps. Nine of the 11 studies were published 
in the last 11 years. Two studies (Brandberg 2000 and Kroll 2000) were published 20 years ago 
with data from mostly the 1990s, and so their applicability to today’s clinical practice should be 
interpreted with caution. 

Summary of Comparisons of Flap Types for Autologous 
Reconstruction 

Table 31 summarizes the evidence for the comparisons of various flap types for AR. Women 
who undergo AR with TRAM and DIEP flaps may experience similar levels of satisfaction with 
their breast aesthetics. However, when compared with women with DIEP flaps, women with 
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TRAM flaps may be at greater risks of abdominal bulge/hernia and of needing abdominal hernia 
repair surgery but not at greater risk of necrosis. Women who undergo AR with DIEP or LD 
flaps may experience comparable levels of satisfaction with their breast aesthetics. A caveat 
worth mentioning for the comparison between DIEP and LD flaps is that AR with LD flaps often 
also requires an implant during the reconstruction (i.e., a “hybrid” reconstruction), while AR 
with DIEP flaps usually does not.25 

While six different flaps have been compared, the evidence for comparisons of specific pairs 
of flaps is sparse. The evidence identified for this KQ was too sparse to allow pairwise meta-
analysis, let alone network meta-analysis. It is unclear whether any specific flap type is clearly 
associated with better patient-reported (clinical) outcomes than the others.  
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Table 25. Key Question 6: Comparisons of flap types for AR – Continuous outcomes, physical well-being 
Study, 
Year, PMID, 
Country 

Design Overall 
RoB 

Outcome Measurement Time 
Point  

Flap Type N Mean (SD or 
95% CI) 

Effect Size (95% CI) P Value 

Rindom, 
2019, 
31515191, 
Denmark 

RCT Moderate CMSS: Total score (0-100) 1 y LD 18 68.1 (58.2, 79.9) Ref Ref 
RCT Moderate CMSS: Total score (0-100) 1 y TAP 22 78.7 (70.9, 86.4) adjNMD 6.2 (0.5, 12.0) 0.033 
RCT Moderate CMSS: Pain (0-15) 1 y LD 18 11.6 (9.8, 13.4) Ref Ref 
RCT Moderate CMSS: Pain (0-15) 1 y TAP 22 14.0 (12.8, 15.2) adjNMD 1.8 (0.2, 3.4) 0.023 
RCT Moderate CMSS: Activity in daily life (0-20) 1 y LD 18 17.1 (14.9, 19.2) Ref Ref 
RCT Moderate CMSS: Activity in daily life (0-20) 1 y TAP 22 18.7 (17.3, 20.0) adjNMD 2.6 (1.1, 4.2) <0.0001 
RCT Moderate CMSS: Range of motion (0-40) 1 y LD 18 29.6 (24.6, 34.5) Ref Ref 
RCT Moderate CMSS: Range of motion (0-40) 1 y TAP 22 34.8 (31.0, 38.6) adjNMD 0.9 (−1.4, 3.2)  0.45 
RCT Moderate CMSS: Strength (0-25) 1 y LD 18 9.9 (7.8, 12.0) Ref Ref 
RCT Moderate CMSS: Strength (0-25) 1 y TAP 22 11.2 (9.3, 13.1) adjNMD 1.2 (−1.0, 3.3)  0.29 

Erdmann-
Sager, 2018, 
29019862, 
US & 
Canada 
 

NRCS Moderate BREAST-Q: Abdomen (0-100) 1 y DIEP  NR NR Ref Ref 
NRCS Moderate BREAST-Q: Abdomen (0-100) 1 y Free TRAM NR NR vs. DIEP: adjMD −4.16 

(−8.33, 0.02) 
NR 

NRCS Moderate BREAST-Q: Abdomen (0-100) 1 y Pedicled 
TRAM 

NR NR vs. DIEP: adjMD −4.01 
(−8.48, 0.45) 

NR 

NRCS Moderate BREAST-Q: Abdomen (0-100) 1 y SIEA NR NR vs. DIEP: adjMD 4.72 
(−0.07, 9.52) 

NR 

NRCS Moderate BREAST-Q: Abdomen (0-100) 2 y DIEP  NR NR Ref Ref 
NRCS Moderate BREAST-Q: Abdomen (0-100) 2 y Free TRAM NR NR vs. DIEP: adjMD −4.9 

(−9.50, -0.31) 
NR 

NRCS Moderate BREAST-Q: Abdomen (0-100) 2 y Pedicled 
TRAM 

NR NR vs. DIEP: adjMD −7.22 
(−12.30, −2.14) 

NR 

NRCS Moderate BREAST-Q: Abdomen (0-100) 2 y SIEA NR NR vs. DIEP: adjMD 0.58 
(−4.79, 5.95) 

NR 

NRCS Moderate BREAST-Q: Chest, upper body 
(0-100) 

1 y DIEP  NR NR Ref Ref 

NRCS Moderate BREAST -Q: Chest, upper body 
(0-100) 

1 y Free TRAM NR NR vs. DIEP: adjMD −1.55 
(−5.35, 2.24) 

NR 

NRCS Moderate BREAST -Q: Chest, upper body 
(0-100) 

1 y Pedicled 
TRAM 

NR NR vs. DIEP: adjMD 1.52 
(−1.94, 4.99) 

NR 

NRCS Moderate BREAST -Q: Chest, upper body 
(0-100) 

1 y SIEA NR NR vs. DIEP: adjMD 3.42 
(−0.22, 7.05) 

NR 

NRCS Moderate BREAST -Q: Chest, upper body 
(0-100) 

2 y DIEP  NR NR Ref Ref 

NRCS Moderate BREAST -Q: Chest, upper body 
(0-100) 

2 y Free TRAM NR NR vs. DIEP: adjMD −2.22 
(−5.89, 1.45) 

NR 

NRCS Moderate BREAST -Q: Chest, upper body 
(0-100) 

2 y Pedicled 
TRAM 

NR NR vs. DIEP: adjMD −3.92 
(−7.66, −0.18) 

NR 
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Study, 
Year, PMID, 
Country 

Design Overall 
RoB 

Outcome Measurement Time 
Point  

Flap Type N Mean (SD or 
95% CI) 

Effect Size (95% CI) P Value 

NRCS Moderate BREAST -Q: Chest, upper body 
(0-100) 

2 y SIEA NR NR vs. DIEP: adjMD 0.76 
(−3.44, 4.95) 

NR 

NRCS Moderate PROMIS: Physical functioning 
(0-100) 

1 y DIEP  NR NR Ref Ref 

NRCS Moderate PROMIS: Physical functioning 
(0-100) 

1 y Free TRAM NR NR vs. DIEP: adjMD −0.03 
(−2.36, 2.30) 

NR 

NRCS Moderate PROMIS: Physical functioning 
(0-100) 

1 y Pedicled 
TRAM 

NR NR vs. DIEP: adjMD 0.00 
(−2.09, 2.10) 

NR 

NRCS Moderate PROMIS: Physical functioning 
(0-100) 

1 y SIEA NR NR vs. DIEP: adjMD 1.26 
(−0.74, 3.26) 

NR 

NRCS Moderate PROMIS: Physical functioning 
(0-100) 

2 y DIEP  NR NR Ref Ref 

NRCS Moderate PROMIS: Physical functioning 
(0-100) 

2 y Free TRAM NR NR vs. DIEP: adjMD 0.42 
(−1.52, 2.36) 

NR 

NRCS Moderate PROMIS: Physical functioning 
(0-100) 

2 y Pedicled 
TRAM 

NR NR vs. DIEP: adjMD 1.48 
(−0.59, 3.55) 

NR 

NRCS Moderate PROMIS: Physical functioning 
(0-100) 

2 y SIEA NR NR vs. DIEP: adjMD 1.20 
(−1.09, 3.49) 

NR 

NRCS Moderate PROMIS: Pain interference 
(0−100) 

1 y DIEP  NR NR Ref Ref 

NRCS Moderate PROMIS: Pain interference 
(0−100) 

1 y Free TRAM NR NR vs. DIEP: adjMD 0.34 
(−1.91, 2.60) 

NR 

NRCS Moderate PROMIS: Pain interference 
(0−100) 

1 y Pedicled 
TRAM 

NR NR vs. DIEP: adjMD −0.07 
(−2.10, 1.97) 

NR 

NRCS Moderate PROMIS: Pain interference 
(0−100) 

1 y SIEA NR NR vs. DIEP: adjMD −0.60 
(−2.54, 1.34) 

NR 

NRCS Moderate PROMIS: Pain interference 
(0−100) 

2 y DIEP  NR NR Ref Ref 

NRCS Moderate PROMIS: Pain interference 
(0−100) 

2 y Free TRAM NR NR vs. DIEP: adjMD −0.50 
(−2.57, 1.57) 

NR 

NRCS Moderate PROMIS: Pain interference 
(0−100) 

2 y Pedicled 
TRAM 

NR NR vs. DIEP: adjMD 0.44 
(−2.25, 3.13) 

NR 

NRCS Moderate PROMIS: Pain interference 
(0−100) 

2 y SIEA NR NR vs. DIEP: adjMD 0.11 
(−2.34, 2.57) 

NR 

Abbreviations: adj = adjusted, BREAST-Q = breast questionnaire, CI = confidence interval, CMSS = Constant Murley Shoulder Score, DIEP = deep inferior epigastric perforator, 
LD = latissimus dorsi, MD = mean difference, NMD = net mean difference, NR = not reported, NRCS = nonrandomized comparative study, PMID = PubMed identifier, PROMIS 
= Patient-Reported Outcomes Measurement Information System, RCT = randomized controlled trial, Ref = reference group, RoB = risk of bias, SD = standard deviation, SIEA = 
superficial inferior epigastric artery perforator, TRAM = transverse rectus abdominis myocutaneous, TAP = thoracodorsal artery perforator, y = years. 
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Table 26. Key Question 6: Comparisons of flap types for AR – Continuous outcomes, psychosocial and sexual well-being 
Study, Year, 
PMID, 
Country 

Design Overall 
RoB 

Outcome Measurement Time 
Point  

Flap Type N Mean 
(SD) 

Effect Size (95% CI) P 
Value 

Erdmann-
Sager, 2018, 
29019862, 
US & Canada 

NRCS Moderate BREAST-Q: Psycho-social 
WB (0-100) 

1 y DIEP  NR NR Ref Ref 

NRCS Moderate BREAST-Q: Psycho-social 
WB (0-100) 

1 y Free TRAM NR NR vs. DIEP: adjMD −1.14 (−5.33, 3.05) NR 

NRCS Moderate BREAST-Q: Psycho-social 
WB (0-100) 

1 y Pedicled 
TRAM 

NR NR vs. DIEP: adjMD 1.27 (−3.43, 5.97) NR 

NRCS Moderate BREAST-Q: Psycho-social 
WB (0-100) 

1 y SIEA NR NR vs. DIEP: adjMD −0.67 (−5.66, 4.32) NR 

NRCS Moderate BREAST-Q: Psycho-social 
WB (0-100) 

2 y DIEP  NR NR Ref Ref 

NRCS Moderate BREAST-Q: Psycho-social 
WB (0-100) 

2 y Free TRAM NR NR vs. DIEP: adjMD −0.08 (−5.33, 5.18) NR 

NRCS Moderate BREAST-Q: Psycho-social 
WB (0-100) 

2 y Pedicled 
TRAM 

NR NR vs. DIEP: adjMD 0.62 (−3.95, 5.20) NR 

NRCS Moderate BREAST-Q: Psycho-social 
WB (0-100) 

2 y SIEA NR NR vs. DIEP: adjMD 1.64 (−3.64, 6.91) NR 

NRCS Moderate BREAST-Q: Sexual WB (0-
100) 

1 y DIEP  NR NR Ref Ref 

NRCS Moderate BREAST-Q: Sexual WB (0-
100) 

1 y Free TRAM NR NR vs. DIEP: adjMD −2.33 (−7.10, 2.44) NR 

NRCS Moderate BREAST-Q: Sexual WB (0-
100) 

1 y Pedicled 
TRAM 

NR NR vs. DIEP: adjMD 0.81 (−4.31, 5.93) NR 

NRCS Moderate BREAST-Q: Sexual WB (0-
100) 

1 y SIEA NR NR vs. DIEP: adjMD −2.66 (−8.63, 3.31) NR 

NRCS Moderate BREAST-Q: Sexual WB (0-
100) 

2 y DIEP  NR NR Ref Ref 

NRCS Moderate BREAST-Q: Sexual WB (0-
100) 

2 y Free TRAM NR NR vs. DIEP: adjMD 2.35 (−3.40, 8.10) NR 

NRCS Moderate BREAST-Q: Sexual WB (0-
100) 

2 y Pedicled 
TRAM 

NR NR vs. DIEP: adjMD −2.61 (−8.97, 3.75) NR 

NRCS Moderate BREAST-Q: Sexual WB (0-
100) 

2 y SIEA NR NR vs. DIEP: adjMD 1.97 (−4.15, 8.09) NR 

Abbreviations: adj = adjusted, BREAST-Q = breast questionnaire, CI = confidence interval, DIEP = deep inferior epigastric perforator, LD = latissimus dorsi, MD = mean 
difference, NR = not reported, NRCS = nonrandomized comparative study, PMID = PubMed identifier, RCT = randomized controlled trial, Ref = reference group, RoB = risk of 
bias, SD = standard deviation, SIEA = superficial inferior epigastric artery perforator, TRAM = transverse rectus abdominis myocutaneous, WB = well-being, y = years. 
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Table 27. Key Question 6: Comparisons of flap types for AR – Continuous outcomes, patient satisfaction with aesthetics and duration of 
initial hospitalization 

Study, 
Year, PMID, 
Country 

Design Overall 
RoB 

Outcome Outcome 
Measurement 

Time 
Point  

Flap Type N Mean 
(SD or 
Range) 

Effect Size (95% CI) P 
Value 

Brandberg, 
2000, 
10626972, 
Sweden 

RCT High Patient satisfaction with 
aesthetics 

Cosmetic (1-6) 1 y TRAM 26 5.6 (NR) vs. LD: MD 0.36* NR 

RCT High Patient satisfaction with 
aesthetics 

Cosmetic (1-6) 1 y LD 23 5.14 (NR) vs. LTD: MD −0.05* NR 

RCT High Patient satisfaction with 
aesthetics 

Cosmetic (1-6) 1 y LTD 12 5.19 (NR) vs. TRAM: −0.46* NR 

RCT High Patient satisfaction with 
aesthetics 

Shape (1-6) 1 y TRAM 26 5.3 (NR) vs. LD: MD 0.36* NR 

RCT High Patient satisfaction with 
aesthetics 

Shape (1-6) 1 y LD 23 4.94 (NR) vs. LTD: MD 0.35* NR 

RCT High Patient satisfaction with 
aesthetics 

Shape (1-6) 1 y LTD 12 4.59 (NR) vs. TRAM: MD 
−0.71* 

NR 

RCT High Patient satisfaction with 
aesthetics 

Size (1-6) 1 y TRAM 26 5.43 (NR) vs. LD: MD 0.50* NR 

RCT High Patient satisfaction with 
aesthetics 

Size (1-6) 1 y LD 23 4.93 (NR) vs. LTD: MD −0.18* NR 

RCT High Patient satisfaction with 
aesthetics 

Size (1-6) 1 y LTD 12 5.11 (NR) vs. TRAM: MD 
−0.32* 

NR 

RCT High Patient satisfaction with 
aesthetics 

Scars on the breast (1-
6) 

1 y TRAM 26 4.83 (NR) vs. LD: MD 0.36* NR 

RCT High Patient satisfaction with 
aesthetics 

Scars on the breast (1-
6) 

1 y LD 23 4.47 (NR) vs. LTD: MD −0.65* NR 

RCT High Patient satisfaction with 
aesthetics 

Scars on the breast (1-
6) 

1 y LTD 12 5.12 (NR) vs. TRAM: MD 0.29* NR 

RCT High Patient satisfaction with 
aesthetics 

Donor site scars (1-6) 1 y TRAM 26 4.76 (NR) vs. LD: MD 0.07* NR 

RCT High Patient satisfaction with 
aesthetics 

Donor site scars (1-6) 1 y LD 23 4.69 (NR) vs. LTD: MD −0.26* NR 

RCT High Patient satisfaction with 
aesthetics 

Donor site scars (1-6) 1 y LTD 12 4.95 (NR) vs. TRAM: MD 0.19* NR 

RCT High Patient satisfaction with 
aesthetics 

Similarity with 
contralateral breast (1-6) 

1 y TRAM 26 4.76 (NR) vs. LD: MD 0.10* NR 

RCT High Patient satisfaction with 
aesthetics 

Similarity with 
contralateral breast (1-6) 

1 y LD 23 4.66 (NR) vs. LTD: MD 0.81* NR 

RCT High Patient satisfaction with 
aesthetics 

Similarity with 
contralateral breast (1-6) 

1 y LTD 12 3.85 (NR) vs. TRAM: MD 
−0.91* 

NR 

Erdmann-
Sager, 

NRCS Moderate Patient satisfaction with 
aesthetics 

BREAST-Q: Satisfaction 
with breast (0-100) 

1 y DIEP  NR NR Ref Ref 
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Study, 
Year, PMID, 
Country 

Design Overall 
RoB 

Outcome Outcome 
Measurement 

Time 
Point  

Flap Type N Mean 
(SD or 
Range) 

Effect Size (95% CI) P 
Value 

2018, 
29019862, 
US & 
Canada 

NRCS Moderate Patient satisfaction with 
aesthetics 

BREAST-Q: Satisfaction 
with breast (0-100) 

1 y Free 
TRAM 

NR NR vs. DIEP: adjMD 
0.04 (−4.56, 4.63) 

NR 

NRCS Moderate Patient satisfaction with 
aesthetics 

BREAST-Q: Satisfaction 
with breast (0-100) 

1 y Pedicled 
TRAM 

NR NR vs. DIEP: adjMD 
1.36 (−3.45, 6.17) 

NR 

NRCS Moderate Patient satisfaction with 
aesthetics 

BREAST-Q: Satisfaction 
with breast (0-100) 

1 y SIEA NR NR vs. DIEP: adjMD 
−1.82 (−6.37, 2.72) 

NR 

NRCS Moderate Patient satisfaction with 
aesthetics 

BREAST-Q: Satisfaction 
with breast (0-100) 

2 y DIEP  NR NR Ref Ref 

NRCS Moderate Patient satisfaction with 
aesthetics 

BREAST-Q: Satisfaction 
with breast (0-100) 

2 y Free 
TRAM 

NR NR vs. DIEP: adjMD 
−2.61 (−8.97, 3.75) 

NR 

NRCS Moderate Patient satisfaction with 
aesthetics 

BREAST-Q: Satisfaction 
with breast (0-100) 

2 y Pedicled 
TRAM 

NR NR vs. DIEP: adjMD 
1.36 (−3.45, 6.17) 

NR 

NRCS Moderate Patient satisfaction with 
aesthetics 

BREAST-Q: Satisfaction 
with breast (0-100) 

2 y SIEA NR NR vs. DIEP: adjMD 
0.42 (−5.56, 6.4) 

NR 

Rindom, 
2019, 
31515191, 
Denmark 

RCT Moderate Duration of initial 
hospitalization 

Number of days Post-
op 

LD 18 6.4 d (3-
12) 

Ref Ref 

RCT Moderate Duration of initial 
hospitalization 

Number of days Post-
op 

TAP 22 6.5 d (4-
14) 

vs. TAP: 0.9 d ( −1.4, 
3.2)  

0.45 

Zoghbi, 
2017, 
28052051, 
US 

NRCS High Duration of initial 
hospitalization 

Number of days Post-
op 

DIEP 9699 4.68 d 
(2.80) 

Ref Ref 

NRCS High Duration of initial 
hospitalization 

Number of days Post-
op 

TRAM 6137 4.79 d 
(2.69) 

vs. DIEP: NR <0.001 

Abbreviations: adj = adjusted, BREAST-Q = breast questionnaire, CI = confidence interval, DIEP = deep inferior epigastric perforator, LD = latissimus dorsi, LTD = lateral 
thoracodorsal flap, MD = mean difference, NR = not reported, NRCS = nonrandomized comparative study, PMID = PubMed identifier, RCT = randomized controlled trial, Ref = 
reference group, RoB = risk of bias, SD = standard deviation, SIEA = superficial inferior epigastric artery perforator, TRAM = transverse rectus abdominis myocutaneous, y = 
years. 
* calculated 

Table 28. Key Question 6: Comparisons of flap types for AR – Categorical outcomes, patient satisfaction with aesthetics, patient 
satisfaction with outcome, recurrence of breast cancer, and duration of initial hospitalization 

Study, 
Year, 
PMID, 
Country 

Design Overall 
RoB 

Outcome Outcome Measurement Time 
Point 

Flap 
Type 

n/N (%) Adjusted Odds Ratio 
(95% CI) 

P 
Value 

Yueh, 
2009, 
19228537, 
US 

NRCS High Patient satisfaction 
with aesthetics 

Satisfied with breast 
aesthetics 

NR DIEP NR/117 
(NR) 

vs. TRAM: 0.67 (0.37, 
1.23) 

NR 

NRCS High Patient satisfaction 
with aesthetics 

Satisfied with breast 
aesthetics 

NR TRAM 102/143 
(71.3) 

Ref Ref 

NRCS High Patient satisfaction 
with aesthetics 

Satisfied with breast 
aesthetics 

NR LD  68/112 
(60.7) 

vs. TRAM: 0.78 (0.54, 
1.14) 

NR 
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Study, 
Year, 
PMID, 
Country 

Design Overall 
RoB 

Outcome Outcome Measurement Time 
Point 

Flap 
Type 

n/N (%) Adjusted Odds Ratio 
(95% CI) 

P 
Value 

NRCS High Patient satisfaction 
with outcome 

Generally satisfied with 
outcome  

NR DIEP NR/117 
(NR) 

vs. TRAM: 0.82 (0.33, 
2.01) 

NS 

NRCS High Patient satisfaction 
with outcome 

Generally satisfied with 
outcome  

NR TRAM 98/143 
(68.5) 

Ref Ref 

NRCS High Patient satisfaction 
with outcome 

Generally satisfied with 
outcome  

NR LD  63/112 
(56.3) 

vs. TRAM: 0.77 (0.53, 
1.11) 

NS 

Brandberg, 
2000, 
10626972, 
Sweden 

RCT High Recurrence of breast 
cancer 

NR 1 y TRAM  2/29 
(6.9) 

vs. LD: 2.15 (0.18, 
25.07)* 

0.54 

RCT High Recurrence of breast 
cancer 

NR 1 y LD  1/30 
(3.33) 

vs. LTD: 1.07 (0.03, 
33.69)* 

0.97 

RCT High Recurrence of breast 
cancer 

NR 1 y LTD  0/16 (0) vs. TRAM: 0.44 (0.02, 
10.28)* 

0.61 

Zoghbi, 
2017, 
28052051, 
US 

NRCS High Duration of initial 
hospitalization 

Increased length of 
stay 

Postop DIEP NR/9699 
(NR) 

Ref Ref 

NRCS High Duration of initial 
hospitalization 

Increased length of 
stay 

Postop TRAM NR/6137 
(NR) 

vs. DIEP: 1.59 (1.45, 
1.72) 

<0.001 

Abbreviations: AR = autologous reconstruction, CI = confidence interval, DIEP = deep inferior epigastric perforator, LD = latissimus dorsi, NRCS = nonrandomized comparative 
study, PMID = PubMed identifier, Ref = reference group, RoB = risk of bias, TRAM = transverse rectus abdominis myocutaneous. 

* Calculated. 

Table 29. Key Question 6: Comparisons of flap types for AR – Categorical outcomes, various 
Study, Year, 
PMID, 
Country 

Design Overall 
RoB 

Outcome Outcome 
Measurement 

Time 
Point 

Flap 
Type 

n/N (%) Effect Size (95% CI) P Value 

Brandberg, 
2000, 
10626972, 
Sweden 

RCT High Mortality NR 1 y TRAM  1/29 (3.5) vs. LD: OR 0.50 (0.040, 
5.83)* 

0.58 

RCT High Mortality NR 1 y LD  2/30 (6.7) vs. LTD: OR 2.21 (0.09, 
52.22)* 

0.62 

RCT High Mortality NR 1 y LTD  0/16 (0) vs. TRAM: OR 0.9 
(0.03, 28.48)* 

0.95 

Massenburg, 
2015, 
26487657, 
US 

NRCS High Unpanned repeat 
surgeries for revision 

NR 1 mo Pedicled 
TRAM 

159/1608 
(9.9) 

vs. LD: adjOR 1.71 
(1.25, 2.33) 

NR 

NRCS High Unpanned repeat 
surgeries for revision 

NR 1 mo LD 62/1079 
(5.7) 

Ref Ref 

Rindom, 
2019, 
31515191, 
Denmark 

RCT Moderate Pain Shoulder related pain 
(Yes/No) 

1 y LD 13/18 (72) Ref Ref 

RCT Moderate Pain Shoulder related pain 
(Yes/No) 

1 y TAP 7/22 (32) vs. LD: adjOR 0.05 
(0.005, 0.51) 

0.011 
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Study, Year, 
PMID, 
Country 

Design Overall 
RoB 

Outcome Outcome 
Measurement 

Time 
Point 

Flap 
Type 

n/N (%) Effect Size (95% CI) P Value 

Rindom, 
2019, 
31515191, 
Denmark 

RCT Moderate Necrosis Major necrosis 
requiring removal of the 
implant  

1 y LD 0/18 (0) Ref Ref 

RCT Moderate Necrosis Major necrosis 
requiring removal of the 
implant  

1 y TAP 1/22 (4.54) vs. LD: adjOR 1.67 
(0.05, 52.7)* 

0.77* 

RCT Moderate Necrosis Minor necrosis: 
epidermolysis or small 
necrosis of most distal 
part of flap 

1 y LD 0/18 (0) Ref Ref 

RCT Moderate Necrosis Minor necrosis: 
epidermolysis or small 
necrosis of most distal 
part of flap 

1 y TAP 2/22 (13.6) vs. LD: adjOR 5.53 
(0.26, 118.3)* 

0.27* 

Abedi, 2016, 
25003437, 
Canada 

NRCS High Necrosis Mastectomy flap 
necrosis 

1.6-1.9 
y 

DIEP 20/83 (24.1) vs. TRAM: NR 0.61 

NRCS High Necrosis Mastectomy flap 
necrosis 

1.6-1.9 
y 

TRAM 40/312 
(12.8) 

Ref Ref 

Kroll, 2000, 
10987463, 
US 

NRCS High Necrosis Fat necrosis 3 mo DIEP 36/279 
breasts 
(12.9) 

vs. TRAM: adjOR 2.10 
(0.87, 5.10) 

0.10 

NRCS High Necrosis Fat necrosis 3 mo TRAM 9/31 breasts 
(29) 

Ref Ref 

Erdmann-
Sager, 2018, 
29019862, 
US & 
Canada 

NRCS Moderate Harms to area of flap 
harvest 

Any donor site 
complication 

2 y DIEP  99/355 
(27.9) 

Ref Ref 

NRCS Moderate Harms to area of flap 
harvest 

Any donor site 
complication 

2 y Free 
TRAM 

14/92 (15.2) vs. DIEP: adjOR 0.52 
(0.27, 1.02) 

0.057 

NRCS Moderate Harms to area of flap 
harvest 

Any donor site 
complication 

2 y Pedicled 
TRAM 

14/78 (18.0) vs. DIEP: adjOR 0.63 
(0.32, 1.24) 

0.18 

NRCS Moderate Harms to area of flap 
harvest 

Any donor site 
complication 

2 y SIEA 33/62 (53.2) vs. DIEP: adjOR 2.73 
(1.51, 4.96) 

0.001 

Knox, 2016, 
26267400, 
Canada 

NRCS High Harms to area of flap 
harvest 

Abdominal bulge or 
hernia 

1.7-2.3 
y 

DIEP 4/130 (3.10) Ref Ref 

NRCS High Harms to area of flap 
harvest 

Abdominal bulge or 
hernia 

1.7-2.3 
y 

TRAM 80/377 
(21.2) 

vs. DIEP: adjOR 5.2 
(1.3, 20.9) 0.002 

Mennie, 
2015, 
25839173, 
UK 

NRCS High Harms to area of flap 
harvest 

Hernia repair 3 y DIEP 63/5144 
(1.22) 

Ref Ref 

NRCS High Harms to area of flap 
harvest 

Hernia repair 3 y Free 
TRAM 

50/1963 
(2.55) 

vs. DIEP: adjOR 1.81 
(1.24, 2.64) 

NR 

NRCS High Harms to area of flap 
harvest 

Hernia repair 3 y Pedicled 
TRAM 

36/822 
(4.38) 

vs. DIEP: adjOR 2.89 
(1.91, 4.37) 

NR 
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Study, Year, 
PMID, 
Country 

Design Overall 
RoB 

Outcome Outcome 
Measurement 

Time 
Point 

Flap 
Type 

n/N (%) Effect Size (95% CI) P Value 

Zhong, 2014, 
24675183, 
Canada 

NRCS High Harms to area of flap 
harvest 

Abdominal bulge or 
hernia  

NR DIEP 15/244 (6) Ref Ref 

NRCS High Harms to area of flap 
harvest 

Abdominal bulge or 
hernia  

NR TRAM 8/48 (17) vs. DIEP: adjOR 2.73 
(1.01, 7.07) 

0.04 

Rindom, 
2019, 
31515191, 
Denmark 

RCT Moderate Infections Any infection 1 y LD 1/18 (5.6) Ref Ref 
RCT Moderate Infections Any infection 1 y TAP 1/22 (4.5) vs. LD: OR 1.24 (0.07, 

21.2)* 
0.88* 

Zoghbi, 
2017, 
28052051, 
US 

NRCS High Infections Wound infections Postop TRAM NR/6137 
(NR) 

vs. DIEP: adjOR 1.67 
(1.23, 2.27) 

0.001 

NRCS High Infections Wound infections Postop DIEP NR/9699 
(NR) 

Ref Ref 

Zoghbi, 
2017, 
28052051, 
US 

NRCS High Wound dehiscence NR NR DIEP NR/9699 
(NR) 

Ref Ref 

NRCS High Wound dehiscence NR NR TRAM NR/6137 
(NR) 

vs. DIEP: adjOR 4.3 
(NR) 

<0.00001 

Rindom, 
2019, 
31515191, 
Denmark 

RCT Moderate Seroma NR 1 y LD 1/18 (5.6) Ref Ref 
RCT Moderate Seroma NR 1 y TAP 0/22 (0) vs. LD: OR 2.53 (0.08, 

80.0)* 
0.59* 

Rindom, 
2019, 
31515191, 
Denmark 

RCT Moderate Hematoma NR 1 y LD 0/18 (0) Ref Ref 
RCT Moderate Hematoma NR 1 y TAP 1/22 (4.5) Not calculable (no 

events in Ref group) 
Not 
calculable 

Kroll, 2000, 
10987463, 
US 

NRCS High Flap failure/loss Partial flap loss 3 mo DIEP 5/31 breasts 
(16.1) 

vs. TRAM: adjOR 6.74 
(1.83, 24.7) 

0.004 

NRCS High Flap failure/loss Partial flap loss 3 mo TRAM 6/279 
breasts 
(2.20) 

Ref Ref 

Massenburg, 
2015, 
26487657, 
US 

NRCS High Flap failure/loss NR 1 mo Pedicled 
TRAM 

67/2464 
(2.7) 

vs. LD: adjOR 2.28 
(1.38, 3.77) 

0.001 

NRCS High Flap failure/loss NR 1 mo LD 22/2085 
(1.1) 

Ref Ref 

Abbreviations: adj = adjusted AR = autologous reconstruction, CI = confidence interval, DIEP = deep inferior epigastric perforator, LD = latissimus dorsi, LTD = lateral 
thoracodorsal flap, OR = odds ratio, RCT = randomized controlled trial, PMID = PubMed identifier, Ref = reference group, RoB = risk of bias, TRAM = transverse rectus 
abdominis myocutaneous, y = years. 

* Calculated.  
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Table 30. Question 6: Comparisons of flap types for AR – Categorical outcomes, composite or unspecified harms 
Study, Year, 
PMID, 
Country 

Design Overall 
RoB 

Outcome Description Time 
Point 

Flap Type n/N (%) Comparison Adjusted Odds 
Ratio (95% CI) 

P 
Value 

Rindom, 2019, 
31515191, 
Denmark 

RCT Moderate Minor complications treated 
conservatively 

1 y LD 2/18 (11.1) Ref Ref Ref 

RCT Moderate Minor complications treated 
conservatively 

1 y TAP 2/22 (9.09) vs. LD 0.8 (0.1, 6.32)* 0.83* 

RCT Moderate Major complications requiring 
surgical intervention 

1 y LD 0/18 (0) Ref Ref Ref 

RCT Moderate Major complications requiring 
surgical intervention 

1 y TAP 4/22 (18) vs. LD 0.13 (0.01, 
2.62)* 

0.18* 

Erdmann-
Sager, 2018, 
29019862, US 
& Canada 

NRCS Moderate Any breast complication 2 y DIEP  NR Ref Ref Ref 
NRCS Moderate Any breast complication 2 y Free 

TRAM 
NR vs. DIEP  0.51 (0.25, 1.02) 0.58 

NRCS Moderate Any breast complication 2 y Pedicled 
TRAM 

NR vs. DIEP 0.94 (0.46, 1.94) 0.87 

NRCS Moderate Any breast complication 2 y SIEA NR vs. DIEP 1.15 (0.61, 2.17) 0.67 
Massenburg, 
2015, 
26487657, US 

NRCS High Any complication 1 mo Pedicled 
TRAM 

216/1608 
(13.4) 

vs. LD 1.92 (1.45, 2.55) NR 

NRCS High Any complication 1 mo LD 77/1079 (7.1) Ref Ref Ref 
NRCS High Superficial SSI, deep SSI, organ 

space infection, or wound 
disruption/ dehiscence 

1 mo Pedicled 
TRAM 

199/2464 
(8.1) 

vs. LD 1.80 (1.29, 2.51) 0.001 

NRCS High Superficial SSI, deep SSI, organ 
space infection, or wound 
disruption/ dehiscence 

1 mo LD 90/2085 (4.3) Ref Ref Ref 

Zhong, 2014, 
24675183, 
Canada 

NRCS High Major breast complications 
(total/partial flap loss, fat necrosis, 
or breast hematoma) 

NR DIEP 50/244 (20.5) Ref Ref Ref 

NRCS High Major breast complications 
(total/partial flap loss, fat necrosis, 
or breast hematoma) 

NR TRAM 10/48 (20.8) vs. DIEP 0.98 (0.4, 2.14) 0.95 

Abbreviations: AR = autologous reconstruction, CI = confidence interval, DIEP = deep inferior epigastric perforator, LD = latissimus dorsi, NR = not reported, NRCS = 
nonrandomized comparative study, PMID = PubMed identifier, RoB = risk of bias, TRAM = transverse rectus abdominis myocutaneous, SIEA = superficial inferior epigastric 
artery, SSI = surgical site infection, TAP = thoracodorsal artery perforator, y = years. 

* Calculated. 
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Table 31. Key Question 6: Comparisons of flap types for AR – Evidence profile 
Comparison Outcome 

Category 
Outcome N 

Studies 
(Patients) 

RoB  Consistency Precision Directness SoE Conclusions 

TRAM vs. 
DIEP 
 

Clinical Physical well-being 1 (NR) Moderate N/A Precise Direct Insufficient None 
Clinical Psychosocial well-being 1 (NR) Moderate N/A Precise Direct Insufficient None 
Clinical Sexual well-being 1 (NR) Moderate N/A Precise Direct Insufficient None 
Clinical Patient satisfaction with 

aesthetics 
2 (NR) Moderate Consistent Precise Direct Low Comparable in both 

groups 
Clinical Patient satisfaction with 

outcome 
1 (260) High N/A Imprecise Direct Insufficient None 

Clinical Duration of initial 
hospitalization 

1 (15836) High N/A Unclear Direct Insufficient None 

Surgical 
complications 

Necrosis 2 (959) High Consistent Unclear Direct Low Comparable in both 
groups 

Surgical 
complications 

Harms to area of flap 
harvest 

4 (9253) High Consistent Precise Direct Moderate TRAM had increased 
risk of abdominal 
bulge/hernia (adjORs 
ranging from 2.73 to 
5.2; 2 studies) and 
abdominal hernia 
repair surgery (adjOR 
2.73, 95% CI 1.01 to 
7.07; 1 study) 

Surgical 
complications 

Infections 1 (15836) High N/A Unclear Direct Insufficient None 

Surgical 
complications 

Wound dehiscence 1 (15836) High N/A Unclear Direct Insufficient None 

DIEP vs. LD Clinical Patient satisfaction with 
aesthetics 

2 (NR) Moderate Consistent Precise Direct Low Comparable in both 
groups 

Clinical Patient satisfaction with 
outcome 

1 (229) High N/A Imprecise Direct Insufficient None 

Surgical 
complications 

All 0 (0) N/A N/A N/A N/A N/A N/A 

SIEA vs. 
DIEP 

Clinical Physical well-being 1 (NR) Moderate N/A Precise Direct Insufficient None 
Clinical Psychosocial well-being 1 (NR) Moderate N/A Precise Direct Insufficient None 
Clinical Sexual well-being 1 (NR) Moderate N/A Precise Direct Insufficient None 
Clinical Patient satisfaction with 

aesthetics 
1 (NR) Moderate N/A Precise Direct Insufficient None 

Surgical 
complications 

Harms to area of flap 
harvest 

1 (417) Moderate N/A Precise Direct Insufficient None 

TAP vs. LD Clinical Physical well-being 1 (40) Moderate N/A Imprecise Direct Insufficient None 
Clinical Duration of initial 

hospitalization 
1 (40) Moderate N/A Precise Direct Insufficient None 
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Comparison Outcome 
Category 

Outcome N 
Studies 
(Patients) 

RoB  Consistency Precision Directness SoE Conclusions 

Surgical 
complications 

Pain 1 (40) Moderate N/A Imprecise Direct Insufficient None 

Surgical 
complications 

Necrosis 1 (40) Moderate N/A Imprecise Direct Insufficient None 

Surgical 
complications 

Infections 1 (40) Moderate N/A Imprecise Direct Insufficient None 

Surgical 
complications 

Seroma 1 (40) Moderate N/A Imprecise Direct Insufficient None 

TRAM vs. 
LD 

Clinical Patient satisfaction with 
aesthetics 

1 (49) High N/A Unclear Direct Insufficient None 

Clinical Patient satisfaction with 
outcome 

1 (255) High N/A Imprecise Direct Insufficient None 

Surgical 
complications 

Mortality 1 (59) High N/A Imprecise Direct Insufficient None 

Surgical 
complications 

Unplanned repeat surgeries 
for revision 

1 (3296) High N/A Precise Direct Insufficient None 

TRAM vs. 
LTD 

Clinical Patient satisfaction with 
aesthetics 

1 (38) High N/A Unclear Direct Insufficient None 

Clinical Mortality 1 (45) High N/A Imprecise Direct Insufficient None 
Surgical 
complications 

All 0 (0) N/A N/A N/A N/A N/A N/A 

LD vs. LTD Clinical Patient satisfaction with 
aesthetics 

1 (35) High N/A Unclear Direct Insufficient None 

Clinical Mortality 1 (46) High N/A Imprecise Direct Insufficient None 
Surgical 
complications 

All 0 (0) N/A N/A N/A N/A N/A N/A 

Abbreviations: adj = adjusted, AR = autologous reconstruction, CI = confidence interval, DIEP = deep inferior epigastric perforator, LD = latissimus dorsi, LTD = lateral 
thoracodorsal, OR = odds ratio, N/A = not applicable, RoB = risk of bias, SIEA = superficial inferior epigastric artery, SoE = strength of evidence, TAP = thoracodorsal artery 
perforator, TRAM = transverse rectus abdominis myocutaneous. 

Table F-6 provides the complete version of this Evidence Profile, including displaying all outcomes for which no evidence was identified. 
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Discussion 
Findings in Relation to the Decisional Dilemmas 

Despite a large overall body of evidence (129 studies), for most specific questions of interest 
in this systematic review (SR), the evidence was sparse. Notably, we found only four 
randomized controlled trials (RCTs). Table 32 summarizes the identified evidence addressing the 
six Key Questions (KQs). 

Although the largest number of studies addressed the overall choice between implant-based 
reconstruction (IBR) and autologous reconstruction (AR), the evidence does not clearly 
establish which is more likely to be preferred. AR may be associated with better sexual well-
being, satisfaction with breast aesthetics, and satisfaction with surgical outcome, but the 
evidence suggests that it is associated with comparable general quality of life and psychosocial 
well-being. In terms of surgical complications, AR probably poses a greater risk of pulmonary 
embolism and (in the case of abdominal flaps) may lead to greater chronic abdominal pain, but 
IBR may pose a greater risk of breast seroma. Risks of other adverse events are largely 
comparable or the evidence is insufficient and/or inconsistent across studies, precluding 
conclusions. Although the risk of reconstructive failure has traditionally been thought to be 
higher with IBR than AR,23 comparative studies had inconsistent findings. 

Among women who decide to undergo IBR, we found little evidence to address the best 
timing of the IBR in relation to the two main categories of nonsurgical treatments for cancer: 
chemotherapy and radiation therapy. No evidence was found regarding whether the IBR should 
be conducted before or after chemotherapy. Insufficient evidence was found regarding how 
timing of IBR in relation to radiation therapy affects patient-reported clinical outcomes. The 
evidence, though, suggests that the risks of implant failure or loss may be comparable whether 
the IBR is conducted before or after radiation therapy. The evidence was insufficient to make 
conclusions about other harms, such as necrosis and seroma.  

For women choosing between saline and silicone implants, the evidence suggests that the 
two types of implant materials may be associated with clinically comparable levels of patient 
satisfaction with breast aesthetics. The evidence was insufficient to make conclusions about 
other harms, such as implant failure or loss and capsular contracture. There was also insufficient 
evidence comparing double lumen implants and other implant types. Studies eligible for this SR 
did not address the risk of new neoplasms, in particular implant-associated anaplastic large cell 
lymphoma (BIA-ALCL).  

Evidence was insufficient regarding the choice of anatomic plane of implant placement for 
IBR. All eligible studies compared prepectoral and total submuscular placement of implants, but 
provided insufficient evidence regarding two of the principal concerns when determining which 
plane to use, animation deformity and pain.  

Studies examining use versus nonuse of human acellular dermal matrices (ADMs) during 
IBR report inconsistent results addressing the clinical outcomes of physical well-being, 
psychosocial well-being, and satisfaction with breast aesthetics. However, ADM use probably 
increases the risk of implant failure or loss and may increase the risk of infections that are not 
explicitly implant- or ADM-related. Some surgical complications, such as necrosis and seroma 
may be comparable whether or not ADMs are used, although results for others, such as pain and 
capsular contracture, are inconsistent. That ADM use may not impact capsular contracture risk is 
a surprising finding because this risk has traditionally been thought to be lower when ADMs are 
used.23  
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Among women who decide to undergo AR, we found no evidence to address the best timing 
of the AR before or after chemotherapy or radiation therapy. Finally, regarding choice of flap 
type to use for AR, we found evidence for six different flap types, but conclusions can only be 
made for three: deep inferior epigastric perforator (DIEP), transverse rectus abdominis 
myocutaneous (TRAM), and latissimus dorsi (LD). The only patient-reported clinical outcome 
for which a conclusion is feasible is patient satisfaction with breast aesthetics, which was 
comparable between DIEP and TRAM flaps and between DIEP and LD flaps. A caveat worth 
mentioning for the comparison between DIEP and LD flaps is that AR with LD flaps often also 
requires an implant during the reconstruction (i.e., a “hybrid” reconstruction), while AR with 
DIEP flaps usually does not.25 The only surgical complication for which conclusions are feasible 
are risks of necrosis and of harms to the area of flap harvest (abdominal bulge/hernia and 
needing abdominal hernia repair surgery). Necrosis risks were comparable between DIEP and 
TRAM flaps, but TRAM flaps had a higher risk of harms to the area of flap harvest. The 
evidence was insufficient regarding surgical complications of LD flaps. 
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Table 32. Summary of evidence identified in this systematic review 
Outcome 
Categories 

Outcomes KQ 1: IBR vs. AR KQ 2b*: IBR 
Before vs. 
After 
Radiation 

KQ 3: IBR 
Materials: 
Silicone vs. 
Saline 

KQ 4: 
Prepectoral vs. 
Total 
Submuscular 
Placement for 
IBR 

KQ 5: ADM Use 
vs. Nonuse 
During IBR 

KQ 6: AR Flap 
Types 

Clinical 
outcomes 

General quality of life ~ Comparable nd ? No 
conclusion 

nd nd nd 

. Physical well-being ↑↓ Inconsistent 
results 

? No 
conclusion 

? No 
conclusion 

? No conclusion ↑↓ Inconsistent 
results 

? No conclusion 

. Psychosocial well-
being 

~~ Comparable ? No 
conclusion 

? No 
conclusion 

? No conclusion ↑↓ Inconsistent 
results 

? No conclusion 

. Sexual well-being ▲▲ AR clinically 
better 

? No 
conclusion 

? No 
conclusion 

nd ? No conclusion ? No conclusion 

. Patient satisfaction 
with aesthetics 

▲▲ AR clinically 
better 

? No 
conclusion 

~ Comparable ? No conclusion ↑↓ Inconsistent 
results 

~ Comparable for 
TRAM vs. DIEP 
and DIEP vs. LD 

. Patient satisfaction 
with outcome 

▲ AR clinically better ? No 
conclusion 

? No 
conclusion 

nd nd ? No conclusion 

. Planned surgeries 
for reconstruction 

N/P N/P nd nd nd nd 

. Recurrence of breast 
cancer 

N/P N/P N/P N/P N/P N/P 

. Duration of initial 
hospitalization  

. . . . . ? No conclusion 

. Mortality ? No conclusion nd ? No 
conclusion: 
silicone vs. 
saline, 
silicone vs. 
double lumen 

nd ? No conclusion ? No conclusion 

Surgical 
complications 

Unplanned repeat 
hospitalization 

~~ Comparable nd nd nd nd nd 

. Duration of 
unplanned repeat 
hospitalization 

nd nd nd nd nd nd 

. Unplanned repeat 
surgery for revision 

↑↓ Inconsistent 
results 

? No 
conclusion 

nd nd ~~ Comparable ? No conclusion 

. Unplanned repeat 
surgery for 
complications 

↑↓ Inconsistent 
results 

nd nd nd ? No conclusion nd 
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Outcome 
Categories 

Outcomes KQ 1: IBR vs. AR KQ 2b*: IBR 
Before vs. 
After 
Radiation 

KQ 3: IBR 
Materials: 
Silicone vs. 
Saline 

KQ 4: 
Prepectoral vs. 
Total 
Submuscular 
Placement for 
IBR 

KQ 5: ADM Use 
vs. Nonuse 
During IBR 

KQ 6: AR Flap 
Types 

. Pain ◆ Greater chronic 
abdominal pain 
with AHR, but 
comparable 
chronic breast pain 

nd nd ? No conclusion ↑↓ Inconsistent 
results 

? No conclusion 

. Analgesic use nd nd nd nd ? No conclusion nd 

. Necrosis ? No conclusion ? No 
conclusion 

nd ? No conclusion ~ Comparable nd 

. Harms to area of flap 
harvest 

. . . . . ◆◆ Abdominal 
bulge/ hernia, 
hernia repair 
surgery with 
TRAM than 
DIEP 

. Animation deformity  nd nd nd nd nd . 

. Implant-related 
infections 

. nd nd nd nd . 

. Implant rupture . nd nd nd ? No conclusion . 

. Implant deflation . nd nd nd nd . 

. Implant malposition . nd nd nd ? No conclusion . 

. Implant failure/loss 
or need for explant 
surgery 

. ~ Comparable ? No 
conclusion 

? No conclusion ◆◆ with ADM . 

. Capsular contracture . N/P ? No 
conclusion 

? No conclusion ↑↓ Inconsistent 
results 

. 

. New neoplasms . N/A nd nd nd . 

. Complications that 
delay other cancer 
treatments 

nd nd nd nd nd nd 

. Thromboembolic 
events 

◆◆ Pulmonary 
embolism with AR 

nd nd nd ? No conclusion nd 

. Infections not 
explicitly implant-
related 

↑↓ Inconsistent 
results 

N/P . ? No conclusion ◆ with ADM use ? No conclusion 

. Wound dehiscence N/P N/P N/P N/P ↑↓ Inconsistent 
results 

? No conclusion 

. Delayed healing N/P N/P N/P N/P ? No conclusion nd 
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Outcome 
Categories 

Outcomes KQ 1: IBR vs. AR KQ 2b*: IBR 
Before vs. 
After 
Radiation 

KQ 3: IBR 
Materials: 
Silicone vs. 
Saline 

KQ 4: 
Prepectoral vs. 
Total 
Submuscular 
Placement for 
IBR 

KQ 5: ADM Use 
vs. Nonuse 
During IBR 

KQ 6: AR Flap 
Types 

. Seroma ◆ Breast seroma 
with IBR 

? No 
conclusion 

nd ? No conclusion ~~ Comparable nd 

. Chronic conditions N/P N/P nd nd N/P . 

. Touch sensitivity  N/P N/P N/P N/P N/P N/P 

. Scarring N/P N/P N/P N/P N/P N/P 

. Red breast 
syndrome 

. . N/P N/P N/P N/A 

. Flap failure/loss . . (for IBR) . . . N/P 

. Reconstructive 
failure 

↑↓ Inconsistent 
results 

. . . . . 

Abbreviations: ADM = acellular dermal matrix, AR = autologous reconstruction, DIEP = deep inferior epigastric perforator, IBR = implant-based reconstruction, KQ = Key 
Question, LD = latissimus dorsi, N/P = not prioritized (for strength of evidence assessment), nd = no data (no evidence identified), TRAM = transverse rectus abdominis 
myocutaneous.  

* No evidence addressed timing of IBR or AR in relation to chemotherapy (KQ 2a) or timing of AR in relation to radiation therapy (KQ 2b).  
▲ = Low SoE of better clinical outcomes, ▲▲ = Moderate SoE of better clinical outcomes, ▲▲▲ = High SoE of better clinical outcomes (no instances in this table) 
◆ = Low SoE of increased complications, ◆◆ = Moderate SoE of increased complications, ◆◆◆ = High SoE of increased complications (no instances in this table) 
~ = Low SoE of comparable outcomes, ~~ = Moderate SoE of comparable outcomes, ~~~ = High SoE of comparable outcomes (no instances in this table) 
? = Insufficient strength of evidence, ↑↓ = inconsistent or conflicting results, . = not applicable (i.e., outcome not applicable to KQ) 

Color legend: Insufficient strength of evidence, Low strength of evidence, Moderate strength of evidence, High strength of evidence (no instances in this table). The colors do not 
provide unique info compared with the text and symbols. 
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Strengths and Limitations 

Strengths and Limitations of the Evidence Base 
The main strength of the evidence base is its applicability to the decisionmaking context in 

the U.S. The evidence is relevant to various decisional dilemmas underpinning surgical options 
for women undergoing breast reconstruction after mastectomy for breast cancer (see section 
Applicability).  

However, although there have been numerous studies published on the topic of breast 
reconstruction after mastectomy, the evidence is still sparse for many topics. Almost half of the 
studies included in this SR (59/129; 46%) were single group studies. Although these single group 
studies provided estimates of risks of various surgical complications in women who underwent 
either IBR or AR, their noncomparative nature precluded their use in informing conclusions 
regarding choices between interventions posed by the six KQs. Among the 70 comparative 
studies in this SR, there were only four RCTs, each of which was small, with sample sizes 
ranging from 36 to 75 patients. We identified RCTs only on ADM use during IBR (KQ 5) and 
the choice of flap types for AR (KQ 6). Few studies of any design addressed timing of 
reconstruction (KQ 2; four NRCSs), implant materials for IBR (KQ 3; five NRCSs), or anatomic 
planes of implant placement for IBR (KQ 4; two NRCSs). All four NRCSs that addressed timing 
of reconstruction addressed timing of IBR in relation to radiation therapy; none addressed timing 
of IBR in relation to chemotherapy or timing of AR in relation to chemotherapy or radiation 
therapy. 

Two limitations are specific to the NRCSs identified. Firstly, NRCSs commonly did not 
report adjusted between-arm effect sizes for all outcomes of clinical interest. Without access to 
the individual patient data, we were unable to calculate adjusted effect sizes. Given the personal 
decisionmaking involved regarding choice of breast reconstruction surgery, use of implanted 
materials, and timing in relation to cancer therapy (both by the patient and her surgeons), it is 
very likely that the women in each treatment group within a study would be fundamentally 
dissimilar on one or more important confounders. Thus, we determined a priori that unadjusted 
effect sizes would likely be highly biased and of limited value. We also decided a priori on a list 
of confounders that would be necessary for studies to have adjusted for in order for us to include 
their results. Secondly, some NRCSs reported adjusted effect sizes without confidence intervals 
or P values or they reported P values without adjusted effect sizes. This lack of adequate 
reporting limited our ability to make conclusions because we could comment only on 
directionality (i.e., only adjusted effect sizes) or statistical significance (i.e., only P values). Both 
these limitations to the NRCSs compromised our ability to make conclusions for some outcomes.  

Across study designs, data were often reported within subgroups based on factors such as 
age, obesity status, unilateral versus bilateral reconstruction, and (for IBR) number of stages. 
However, none of the studies reported statistical analyses that evaluated either differences 
between subgroups or, preferable, evidence of heterogeneity of treatment effects (different 
relative effects in different subgroups of patients). Thus, although in this report we commented 
wherever data for a certain outcome appeared to be higher in one subgroup than another, we 
refrained from concluding that there was (or was not) heterogeneity of treatment effects.  

We assessed most of the comparative studies (RCTs and NRCSs) to be at overall moderate or 
high risk of bias, primarily because participants, care providers, and/or outcome assessors were 
not blinded and because of incomplete outcome data. While blinding of participants (i.e., 
patients) and care providers (i.e., surgeons) will almost always be impossible in studies 
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addressing the surgical KQs in this SR, lack of blinding can still lead to bias. Moreover, although 
for subjective patient-reported outcomes, such as sexual well-being, it may be impossible to 
blind the outcome assessors (i.e., patients), it is possible to blind the outcome assessors (e.g., 
nurses) for objective outcomes, such as most harms. The NRCSs were also often considered to 
be at serious or critical risk of confounding. Furthermore, the participant eligibility criteria, 
interventions, and outcomes were often inadequately described. 

Strengths and Limitations of the Systematic Review Process 
We followed contemporary standards for SRs, including multiple stakeholder engagement in 

KQ development and refinement and careful adherence to recommended methods for literature 
searching, screening, data extraction, risk of bias assessment, qualitative synthesis, quantitative 
synthesis, and SoE assessment. We were very inclusive in our eligibility criteria, especially in 
terms of study designs, including RCTs, NRCSs, and (large) single group studies of 
reconstruction surgeries for women who have undergone or are undergoing mastectomy for 
breast cancer.  

Despite our comprehensive search for studies and our inclusion of a total of 129 studies, all 
conclusions made in this SR are either based on low or moderate strength of evidence. For all 
interventions examined, our conclusions were predominantly about surgical complications rather 
than patient-reported clinical outcomes. Perhaps our most definitive conclusions were for the 
overall comparison of IBR versus AR (KQ 1). Regarding IBR, we were able to make only a few 
conclusions about timing in relation to radiation therapy (KQ 2b), about implant materials (KQ 
3) and about use of ADMs (KQ 5), but no conclusions about timing in relation to chemotherapy 
(KQ 2a; lack of evidence) or about anatomic planes of implant placement (KQ 4; insufficient 
evidence). Regarding AR, we were able to make only a few conclusions about comparisons 
between different flap types (KQ 6), but, because of the lack of evidence, no conclusions about 
timing in relation to chemotherapy (KQ 2a) or radiation therapy (KQ 2b). 

During protocol development, we prioritized outcomes in consultation with panels of key 
informants and technical experts and in keeping with a published core outcome set for breast 
reconstruction surgery.31 However, many of the prioritized outcomes were either not reported in 
any included study or were reported in an insufficient number of studies to merit conclusions. 
Unreported or rarely reported clinical outcomes included general quality of life and number of 
planned surgeries for reconstruction. Unreported or rarely reported surgical complications 
included duration of unplanned repeat hospitalizations, analgesic use, animation deformity, and 
complications that delay other cancer-related treatments. 

Applicability 
Most studies in this SR were conducted in North America (U.S. or Canada), Europe, or high- 

or middle-income East Asian countries (South Korea and China, respectively). Among the North 
American studies, the racial makeup of study participants largely mirrored the population of 
women who undergo breast reconstruction in the U.S., who have been shown to be 
overwhelmingly White.14 Average ages of patients ranged from the early to late 50s and the 
average body mass indices (BMIs) ranged from 22 to 29 kg/m2. Large proportions of patients in 
most studies had undergone their mastectomy for therapeutic purposes, with few undergoing 
prophylactic mastectomies. As such, the conclusions in this SR apply generally to mostly White, 
middle-aged, nonobese women in high-income countries who are being treated for breast cancer. 
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It is unclear to what extent the findings of this SR are broadly applicable beyond these 
populations.  

The applicability of the findings may also be limited to the specific interventions that have 
been studied. Specifically, the evidence reflects the implant materials that are in use in the U.S. 
(silicone or saline implants) and we restricted our review to human ADMs, which are commonly 
used in the U.S. In terms of anatomic planes, the sparse evidence we identified addresses 
prepectoral and total submuscular implants, but we did not find any evidence for partial 
submuscular implants, the other anatomic plane commonly used in the U.S. The evidence 
identified addressing flap types for AR considered some but not all the commonly used flap 
types in the U.S. 

Implications for Clinical Practice 
The findings in this SR summarize what is known about the comparative effectiveness and 

harms of various treatment options for patients who have undergone or are undergoing 
mastectomy and have made the decision to undergo breast reconstruction.  

Briefly, our analysis of all surgical choices examined as KQs in this SR finds no clear 
winners. The strongest evidentiary basis is for the KQ addressing the broad choice of IBR versus 
AR. When making this choice, clinicians and patients should note that although some patient-
reported outcomes may be better with AR than IBR (e.g., sexual well-being, satisfaction with 
surgical outcome), this is not true for some other patient-reported outcomes (e.g., physical well-
being). In terms of harms, some serious harms, such as pulmonary embolism, are probably more 
likely with AR, but other harms, such as breast seroma, may be more likely with IBR. The 
choice of IBR versus AR also needs to consider that IBR typically involves multiple surgeries 
and that implants may require monitoring and replacement, but AR usually involves a single 
surgery and the reconstruction is intended to be lifelong. However, AR surgery is usually more 
extensive (involving both breast and donor site incisions) and, in the case of abdominal donor 
sites, may lead to greater chronic abdominal pain than IBR. Moreover, based on such factors as 
body habitus and history of previous surgery, some women may not be candidates for AR. 

For women who choose to undergo IBR, issues of timing of reconstruction relative to other 
cancer therapies (chemotherapy and radiation therapy), type of implant materials, anatomic plane 
of implant placement, and use of ADMs need consideration. Unfortunately, the evidence 
supporting these choices is relatively weaker. There is no evidence to inform the issue of timing 
of IBR in relation to chemotherapy; this lack of evidence may be related to the preference of 
practitioners to base decisions regarding timing of chemotherapy on the severity of the 
underlying cancer – for patients with more aggressive cancers, chemotherapy is usually 
administered before surgery. There is only limited evidence suggesting that conducting IBR 
before or after radiation therapy may not affect the risk of implant failure or loss. The evidence is 
also weak for whether silicone or saline should be used as implant materials and whether the 
implant should be placed in the prepectoral, total submuscular, or partial submuscular planes. 
Regarding ADMs, their use does not appear to impact patient-reported clinical outcomes. 
However, ADM use may be associated with some surgical complications, such as implant 
failure, but not others, such as capsular contracture and seroma. It is worth noting that ADM use 
may be more frequently used when the implant is placed in prepectoral or partial submuscular 
planes. Although studies of ADM use did not frequently report the anatomic plane of implant 
placement, this factor is a possible confounder of the observed treatment effect of ADM use. 
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If the decision is made to undergo AR, the choices of timing of reconstruction relative to 
other cancer therapies (chemotherapy and radiation therapy) and of which flap types should be 
used need consideration. Unfortunately, there is no evidence to inform the choice of timing of 
AR in relation to either chemotherapy or radiation therapy. As in the case of IBR, for patients 
with more aggressive cancers, practitioners may more often choose to administer chemotherapy 
before AR. We also hypothesize a possible reason why the issue of timing of AR in relation to 
radiation therapy has not been researched. Practitioners may generally prefer to deliver the 
radiation therapy before AR to avoid radiating tissue from another location in the body, which in 
some cases involves very delicate microvascular anastomoses by the plastic surgeon. In terms of 
flap types, DIEP flaps may be associated with comparable breast aesthetics as TRAM and LD 
flaps. However, compared with DIEP flaps, TRAM flaps may be associated with a greater risk of 
harms to the area of flap harvest, such as abdominal bulge/hernia and needing abdominal hernia 
repair surgery. Decisions regarding flap types should consider the location of the source tissue, 
patient body habitus, and availability of plastic surgeons with advanced training in microvascular 
techniques (for free flaps, such as DIEP and free TRAM flaps). 

Given the relatively weak evidence addressing some breast reconstruction-related key 
decisions that need to be made in clinical practice and the highly patient preference-sensitive 
nature of the decisions,212, 213 we encourage clinicians to inform patients about the limitations of 
existing research. The patient’s values and preferences and the clinician’s expertise and 
experience are highly important.  

Various clinical decision support tools have been developed to facilitate the decisionmaking 
process.213-216 These tools range from those that provide standard information about breast 
reconstruction options and their risks213, 214, 216 to one that provides personalized risk assessments 
that are tailored to individual patients.217 This personalized tool, named the BREASTChoice tool, 
was developed by incorporating the perspectives of breast cancer patients who had undergone 
mastectomy, plastic surgeons performing reconstructions, and nurses caring for patients who 
undergo reconstructions.217 Although we are not aware of SRs comparing clinical decision 
support tools for breast reconstruction, one tool, BREASTChoice, has been recently compared 
with usual care in an RCT of patients undergoing breast reconstruction after mastectomy in the 
U.S.215 Use of the tool was associated with patients having better knowledge about 
reconstruction and its risks, but there were no differences in decision process quality, patient 
quality of life, or patient decisions made.215  

Clinicians should also consider and emphasize to patients that much of the research that has 
been done addressing breast reconstruction has focused largely on patients whose mastectomy 
was performed for therapeutic (and not prophylactic) purposes. In addition, patients in existing 
studies have been mostly White, middle-aged, and nonobese women living in high-income 
countries. For patients in clinical practice who do not belong to these categories, clinicians and 
patients will need to consider the appropriateness of extrapolating information about benefits and 
harms of breast reconstruction options from the evidence to the decisionmaking context. 

Implications for Research 
Research is needed to address various questions related to breast reconstruction, particularly 

the timing of IBR and AR in relation to chemotherapy and radiation therapy, implant materials 
(for IBR), anatomic planes of implant placement (for IBR), and choice of flaps (for AR). 
Because of the absence of studies that predominantly enrolled women undergoing mastectomy 
for prophylactic purposes, researchers should also design studies that, either entirely or in part, 
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enroll these patients. The recent decade has witnessed a steady and sizeable increase in the 
number of prophylactic mastectomies.218-222 The risk-benefit assessments for reconstruction 
choices among these women may be different than for women who undergo therapeutic 
mastectomies. Perceived (subjective) benefits and harms may also differ. When enrolled as part 
of a larger study, subgroup-specific data for patients undergoing mastectomy for prophylactic 
purposes, should be reported. 

It is important that future studies either conduct randomization (to avoid selection bias) or 
report between-arm estimates of treatment effect that adequately account for important 
confounders, such as age, BMI, and stage of breast cancer. Ideally, propensity score analyses (or 
similar rigorous techniques) should be used to adequately adjust for potential confounders. A 
propensity score analysis, for example, estimates the likelihood that each patient had one or the 
other intervention (conditional on her measured characteristics) and controls for this likelihood. 
These analyses generally require relatively large numbers of patients for whom there are granular 
data about risk factors for outcomes. In terms of performance and detection biases, while 
blinding of participants and care providers will rarely be feasible (if at all), studies should blind 
the assessors of outcomes that are not patient reported. 

Future studies should also evaluate important outcomes, such as general quality of life, 
number of planned surgeries for reconstruction, duration of unplanned repeat hospitalizations, 
analgesic use, animation deformity, and complications that delay other cancer-related treatments. 

Conclusions 
Although we found a large body of evidence, we were able to make only a few specific 

conclusions in this SR, all of which were based on low to moderate strength of evidence. Future 
research, ideally large RCTs, is needed to compare timing of reconstruction relative to 
chemotherapy and radiation therapy, different implant materials, different anatomic planes of 
implant placement, and use of ADMs in patients undergoing reconstruction. 
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