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Abstract 

Introduction 

Implant based breast reconstructions has become widely accepted as an appropriate reconstruction method following mastectomy for 

breast cancer. The two most common techniques include immediate reconstruction and implantation (single-stage procedure) or the 

use of a tissue expander with delayed insertion of implant and reconstruction (two-stage procedure). Using existing studies and 

available data, a meta-analysis was performed analyzing reoperation rates and postoperative complications between these two methods 

based upon available literature. 

Methods 

A literature search was performed by two individual investigators using the databases PubMed, Cochrane, and Medline. All articles 

comparing implant based single and two stage breast reconstructions outcomes between 2006 and 2016 were utilized. The primary 

endpoint of interest was reoperation rates. Secondary endpoints included postoperative complications such as infection, seroma, 

hematoma, and necrosis. 

Results 

A total of five studies met the inclusion criteria, for a total of 12,357 breast reconstructions. 2,281 breast reconstructions were single-

stage and 10,076 were two-staged. The primary endpoint of reoperation was increased reoperation rate in the single-stage breast 

reconstruction (OR=0.78, CI 0.67-0.91; p<0.05). Secondary endpoints demonstrated no statistical significance in infections (OR 1.06, 

CI 0.84-1.34; p=0.40), hematoma (OR=1.66, CI 0.91-3.05; p=0.09) and necrosis (OR=1.13, CI 0.76-1.68; p=0.29). However, there was 

an increased incidence of seroma formation in two-stage reconstruction (OR=1.86, CI 1.05-3.28; p<0.005). 

Conclusions  

Single and two-staged implant breast reconstructions had similar infection, hematoma, and necrosis rates. Single-stage reconstructions 

resulted in a significant increase in reoperation/revision rates. 

Keywords: Breast reconstruction; Postoperative complications; Implant; Tissue expander; Single-stage reconstruction, Two-stage 

reconstruction 
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Introduction 

Implant based breast reconstructions has become widely accepted as an appropriate reconstruction method following 

mastectomy for breast cancer. The two most common techniques include a single-stage procedure with direct implant placement 

without use of tissue expanders [1], or a two-stage procedure. A two-stage procedure involves the use of a tissue expander, 

with a delayed insertion of an implant [2]. Two stage-procedures have become the favorable procedure of choice due to high 

levels of patient satisfaction [3], ability to place larger implant if requested, and opportunity to revise the implant pocket to 

improve contour and symmetry [1]. Disadvantages include extended length of time to completion of reconstruction [1,4]. One 

- stage procedures have gained popularity due to less time to reconstruction and quicker restoration of breast form, avoidance 

of numerous office visits, and higher sexual well-being satisfaction [5]. However, this surgical option has come under scrutiny 

for its potential complications as it relies on the quality of the mastectomy flaps. This procedure may also propose a limitation 

on implant size, which is dependent on the mastectomy skin envelope [5]. Many studies have attempted to compare these two 

procedures; however, the debate remains on which procedure is best suited for breast reconstruction following mastectomy, 

and combined comparative large-scale studies are lacking. This meta-analysis attempts to combine comparative studies, analyze 

reoperation rates and reconstruction outcomes between these two methods based upon available literature [6].  

Methods 

A literature search was performed by two investigators to identify articles published between the years 2006 to 2016 in the 

PubMed, Cochrane, and Medline databases. Search phrases for all articles comparing outcomes for implant based single and 

two-stage breast reconstructions were used: “breast reconstruction”, “postoperative complications”, “implant”, “tissue 

expander”, “outcomes”, “single-stage reconstruction”, and “two-stage reconstruction”. One author screened all abstract and 

full-text articles. Discrepancies were discussed and resolved between two authors. Non-English articles were excluded. 

Additional potential publications were cross-referenced in existing articles. A PRISMA (Preferred Reporting Items for 

Systematic Reviews and Meta-Analyses) diagram [4] was used to select comparative studies between one-stage and two-stage 

procedures for inclusion [1,2,5,7,8]. Initial searches identified 416 articles, with 414 remaining after duplicates removed. 

Articles were then screened based on the inclusion criteria comparing one vs two-stage procedures and assessment of 

postoperative outcomes and 406 articles were excluded. The remaining 8 articles were reviewed in full text to determine 

whether sufficient data were present to include in the meta-analysis. The detailed process is outlined in Figure 1 (PRISMA 

diagram). Three of the eight articles were excluded as one article was a review article and the other two did not meet the 

inclusion criteria for comparison and remaining five articles was for use in this study. Four studies were retrospective and one 

study was prospective. A combined total of 12,357 reconstructions were studied, 2,281 single stage and 10,076 two stage 

procedures. Indications for mastectomy and reconstruction varied amongst the articles and were not specifically taken into 

consideration for purposes of this study. Perioperative risk factors and patient variables such as comorbid conditions were 

reported in 4 of the 5 articles. The primary endpoint was the rate of reoperation. Secondary endpoints included postoperative 

complications including infection, seroma, hematoma, and necrosis. Infection included superficial and deep site infections. All 

the five articles reported on infection and four articles reported on the rate of reoperation, seroma, and necrosis. The three 

articles reported on the rate of post-operative hematoma. We first created funnel plots of the data to check for publication bias. 

Relatively balanced funnels suggested no publication bias. We then used the Woolf test for heterogeneity, which suggested no 

statistically significant heterogeneity between studies for reoperation (p=0.056), major infection (p=0.06), hematoma (p=0.74), 
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seroma (p=0.08), or necrosis (p=0.24) following surgery. We therefore estimated pooled odds ratios using a Mantel-Haenszel 

fixed effects model. Results are presented as forest plots for each outcome (Figure 2 to Figure 6). All analyses were performed 

using R software (version 3.1.0, http://www.r-project.org) and the rmeta library [9]. 

 

Figure 1: Flowchart for article selection according to PRISMA statement. 

Results 

A total of 12,537 reconstructions were studied, 2,281 single-stage and 10,076 two-stage procedures. Primary outcome 

reoperation occurred in 285 of 1995 single-stage and 844 of 9891 two-stage procedures (OR=0.78, CI 0.67-0.91; p<0.05) 

(Figure 2). Post-operative infection occurred in 96 of 2,281 single-stage and in 387 of 10,076 two-stage procedures (OR=1.06, 

CI 0.84-1.34; p=0.40) (Figure 3). Hematoma occurred in 16 of 691 single-stage and 37 of 954 two-stage procedures (OR=1.66, 

CI=0.91-3.05; p=0.09) (Figure 4). The incidence of seroma occurred in 17 of 753 single-stage and 52 of 1,043 two-stage (OR-

1.86, CI 1.05-3.28; p<0.005) (Figure 5). Necrosis occurred in 48 of 514 single-stage and 78 of 690 two-stage procedures 

(OR=1.13, CI 0.76-1.68; p=0.29) (Figure 6). Single stage reconstructions resulted in a significant increase in reoperation rates 

in an unspecified period of time. Indications for re-operation included a variety of factors including, but not limited to, wound 

complications and cosmetic appearance.  

Discussion 

Upon review of available literature, there remains a debate on which reconstruction is best suited for post mastectomy patients 

[10]. Available options include a single-stage, which includes immediate placement of an implant; or alternatively the use of 
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tissues expander with the delayed insertion of an implant, known as a two-stage procedure. Each procedure has its benefits and 

pitfalls [11]. 

 

Figure 2: Forest plot for outcome re-operation. 

A single stage procedure allows for faster restoration of breast form, avoidance of numerous office visits, and higher sexual 

well-being satisfaction [5]. Disadvantages to this procedure lies in that the immediate insertion of an implant relies heavily on 

the mastectomy flap. 

 

Figure 3: Forest plot for outcome major infection. 

A thin flap especially in a patient with multiple comorbidities and smoking history subjects the flap to be at risk for necrosis 

and subsequent implant extrusion and failure [2]. Also, with immediate placement of an implant, the available skin envelope 
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size may limit the size of the implant [5]. If the patient requires subsequent revisions after their single-stage procedure, one can 

argue that the benefit of a single-stage operation is lost [1]. A two-stage procedure is more commonly performed and allows 

for expansion of the implant pocket over approximately 6 months, allowing for large implant reconstruction if requested. This 

procedure also allows the surgeon to revise the implant pocket position or soft tissue/ skin envelope for improved contour and 

symmetry. Pitfalls of this surgical option are that patients are committed to multiple office and hospital visits [5]. Additionally, 

scarring from the mastectomy several months prior may cause definitive reconstruction to be more tedious once it is time for 

permanent implant placement. Patients who elect for a two-stage reconstruction may experience emotional distress from the 

lack of a breast mound, as the average time to completion is several months [1,4]. Upon review of the available literature, 

proponents of a single stage procedure regard this as a better option in respects to immediate cosmetic satisfaction. Of note, the 

decision to pursue this option is typically offered to non-smoking, healthy patients [12]. Single-stage reconstructions resulted 

in a statistically significant increase in reoperation rates. This result was likely due to flap necrosis and subsequent failure. A 

two-stage procedure allows for a recovery period of the post mastectomy skin flaps. A recovery period allows for the 

development of optimal blood supply in the flap in preparation for implant placement, which may ultimately lead to decreased 

rates of dehiscence, prosthesis loss, and necrosis. The two-stage procedure incorporates an inherited re-operation given the 

mandatory removal of the expander and insertion of permanent implants. The rate of re-operation (other than the planned 

operation for exchange of expanders to implants) was significantly decreased in the two-stage group in comparison to single-

stage cohort.  

 

Figure 4: Forest plot for outcome hematoma. 
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None of the articles commented on the specific number of reoperations and the exact indications for their return. Overall, 

patients undergoing two-stage procedures are more likely to adhere to the two planned operations, without the need for 

subsequent unplanned operation. 

 

Figure 5: Forest Plot for outcome seroma. 

Results from the meta-analysis concluded that there was a statistically significant increase incidence in seroma formation in 

two stage procedures. 

 

Figure 6: Forest Plot for outcome necrosis. 
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Given the nature of a multiple staged procedure with serial expansions and the need for subsequent operation to conclude 

reconstruction, there is an obvious potential for seroma formation with the increased number of procedures. This may also be 

due to the post-mastectomy space, which is developed with the tissue expander in the pocket. None of the articles commented 

on the timing of seroma formation and the treatment modality offered. Despite the increased incidence of seroma in the two-

stage population, there was no difference in infection, hematoma, or necrosis rates. Upon review of the data analyzing 

hematoma formation, there was no statistical difference in the incidence of this complication in either procedure. Given only 3 

of the 5 articles analyzed this postoperative complication; there is insufficient data to make a conclusion on this point. 

We do recognize that the articles chosen for this study, although all were comparative studies, each did have its own objective. 

A limitation of our study was the inability to adequately account for the relevance of patient factors across the 5 articles [13], 

differences in population, and the assessed reoperation rates over an 8-year period. Further research analyzing reoperation rates 

within 30 days of a single-stage procedure would prove to be beneficial in decision making for reconstruction. Of note, there 

is a discrepancy amongst the articles in regards to the terms “immediate” and “delayed” implant placement. Four of the articles 

included in this study [1,2,4,8] address immediate reconstruction, which includes implant versus tissue expander placement at 

the time of mastectomy. Hvilsom et al. [7] focuses on the delayed insertion of an implant vs tissue expander placement, during 

a mandatory second surgery after mastectomy. We do understand that the inclusion of data from both immediate and delayed 

reconstructions can have significant effects on our results [14,15]. However, we felt that an immediate two-stage technique 

would have comparable outcomes to a delayed two-stage technique as both procedures allow the opportunity for revision, 

healing of mastectomy flaps, and placement of a larger implant if desired [10]. Nahabedian et al. [10] reports favorable 

outcomes in both immediate and delayed two-stage procedures compared to one-stage procedures, and alludes to a greater 

unplanned revision rate when compared to two-stage procedures. 

Conclusion 

Given the statistically significant increase in reoperation/revision rates in a single-stage procedure, as well as increased risk for 

implant failure, we feel that the benefits of a single-stage procedure may not be substantiated in the patient with significant 

comorbidities. In the appropriately selected patient with low comorbid conditions, non-smoker, and normal BMI; there may be 

a role for this procedure. One must consider the quality of the mastectomy flap as well. A two-stage procedure, whether 

immediate or delayed, appears to be safest option in those patients with thin flaps, comorbid conditions, smokers, and the 

general healthy population. 
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