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                    Abstract
Background
In 2004, the authors reported their findings with placement of tissue expanders for breast reconstruction in the partial submuscular position, the equivalent of the “dual-plane” technique for breast augmentation. Limitations with subpectoral expander placement include difficulty controlling the lower pole of the pocket during expansion, unprotected device coverage by a thin inferior mastectomy flap, possible effacement of the inframammary fold, and limited control over the superior migration of the pectoralis major muscle. This study aimed to examine the safety and efficacy of an acellular dermal sling in providing inferolateral support to the device during immediate breast reconstruction and expansion.
Methods
This study prospectively investigated 58 breasts of 43 consecutive women who underwent immediate breast reconstruction with tissue expanders and acellular dermis. After completion of adjuvant therapy and expansion, the devices were exchanged for implants. The patients were tracked through January, 2007. The study parameters included demographic information, oncologic data, complications, and aesthetic outcomes.
Results
The mean time required to complete reconstruction was 8.6 months. The overall complication rate after expander/acellular dermis placement was 12%, whereas the complication rate after exchange to implants was 2.2%. The aesthetic outcome for reconstructed breasts did not differ significantly from that for the control subjects who had no surgery.
Conclusions
Acellular dermis appears to be a useful adjunct in immediate prosthetic breast reconstruction. Acellular dermis-assisted breast reconstruction has a low complication rate, helps to reconstruct an aesthetically pleasing breast, and facilitates expeditious completion of the reconstruction.
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                                    Placement of tissue expanders and implants remains the most common form of breast reconstruction after mastectomy [1]. Over the past decade, refinements in mastectomy techniques and device technology as well as greater coordination between oncologic and reconstructive surgeons have improved the quality of prosthetic breast reconstruction and expanded its role.

Our techniques for prosthetic reconstruction also have evolved, moving away from total muscle coverage of devices toward “dual-plane” positioning. Dual-plane device positioning allows for decreased chest wall morbidity, increased patient comfort during expansion, and shortened operative times [2,3]. The current limitations of dual-plane positioning include less secure coverage of the device’s inferior pole by the inferior mastectomy flap, less control over the position of the inframammary fold, and possible superior migration of the pectoralis muscle during expansion.

Recently, Breuing and Warren [4], Salzberg [5], and Zienowicz and Karacaoglu [6] have each described the use of acellular human dermis as an interposition graft between the chest wall and the lateral edge of the pectoralis muscle to allow for immediate one-stage implant reconstruction after skin-sparing mastectomy. Their excellent results demonstrate the great potential of this technique for breast reconstruction. However several issues regarding the use of acellular dermis in breast reconstruction remain unaddressed, including its role in two-stage expander and implant reconstruction, its safety in prosthetic breast reconstruction, and its efficacy in achieving aesthetic outcomes.

To address these issues we prospectively assessed a single surgeon’s experience with two-stage breast reconstruction using expanders and acellular dermis, followed by exchange to implants.

Methods
Study Design and Population
A cohort of 43 consecutive women (58 breasts) who underwent immediate breast reconstruction with tissue expanders and acellular dermis after mastectomy was prospectively studied. All the women undergoing immediate prosthetic breast reconstruction between March 2004 and June of 2005 were included in the study. Patients undergoing delayed reconstruction were excluded, as were those who had undergone previous reconstruction. Follow-up evaluation continued through January 2007.
For each patient, preoperative demographics including age, indications for mastectomy, and medical comorbidities were recorded. At stage 1, the type of mastectomy, specimen weight, and initial expander fill were recorded. During expansion, the time until achievement of final volume, number of expansions, final expander volume, types of adjuvant therapy, and complications were recorded. At stage 2, implant type and size, adjustments to the device capsule and inframammary fold, and procedures performed on the contralateral breast were recorded. The final outcomes of reconstruction including aesthetic score and incidence of complications were recorded.
Outcomes Analysis
The safety of reconstruction was determined by calculating the incidence of complications after each stage of reconstruction. Aesthetic outcome was assessed for the first 16 patients (22 breasts) who completed stage 2 using a 5-point scale ranging from 1 (poor) to 5 (excellent). Surgically managed breasts and breast controls without surgery were rated by 13 members of the plastic surgery department unaware of the study’s purpose. The mean overall appearance score for each breast was calculated. Descriptive statistics are reported as a mean and range.
Statistical comparisons of frequencies were performed using Fisher’s exact test. Comparisons of means were performed using independent sample t tests.
Surgical Technique
Stage 1
Preoperatively, each patient’s midline, inframammary fold (IMF), lateral mammary fold (LMF), and planned skin excision were marked (Fig. 1). All patients then underwent modified radical mastectomy, simple mastectomy, or nipple-sparing mastectomy, as previously chosen by the oncologic surgeon. After the mastectomy, skin flaps were assessed for viability, followed by remarking of the IMF and LMF. For total IMF and LMF arc lengths of 18 cm or less, a 4 × 12-cm, thick acellular dermis graft (AlloDerm; Lifecell Corporation, Branchburg, NJ, USA) was used. For arcs larger than 18 cm, a 4 × 16-cm, thick acellular dermis graft was selected. As reconstruction began, acellular dermal grafts were reconstituted and rehydrated in normal saline as recommended by the manufacturer.

Fig. 1[image: figure 1]
Technique of acellular dermis-assisted breast reconstruction: The inframammary fold and lateral-mammary folds are marked and measured (upper left). Completed markings demonstrate mastectomy incision, inferior margin of pectoralis major, and planned inframammary and lateral mammary folds (upper right). After mastectomy, the inframammary fold is reestablished by securing the acellular dermis to the chest wall (bottom left). The muscle graft pocket is secured with sutures, stabilizing the pectoralis from migration during expansion (bottom right)


Full size image


                           The pectoralis major muscle was elevated from the underlying chest wall using electrocautery, with care taken to leave the pectoralis minor, serratus anterior, and rectus abdominis muscles undisturbed. A small portion of the most inferomedial attachment of the pectoralis major was released as necessary to create the desired pocket shape. Care was taken not to disturb the sternal origins of the pectoralis as prevention against excessive medial migration of the implant or superior displacement of the muscle.
The preoperative markings (IMF and LMF) on the skin surface were transposed onto the chest wall using methylene blue dye. The reconstituted graft then was placed on the chest wall with the deep dermal surface facing up toward the mastectomy flap. The corners of the graft were anchored to the chest wall at the medial and lateral ends of the proposed IMF and LMF, respectively, using 2-0 polydioxanone sutures. When interrupted sutures were used, the central segment of the graft was secured to the proposed IMF and LMF with additional sutures at 1- to 2-cm intervals, leaving the most central sutures untied and clamped with hemostats for later tension adjustments. Alternatively, a running suture technique can be used, whereby the sutures are not pulled snug until final placement of the expander is completed.
A tissue expander still filled with air, as shipped from the manufacturer, was placed under the pectoralis muscle and the acellular dermal graft. The device was seated in the pocket, making sure that the expander’s most inferior edge was all the way down to the new IMF. The inferior border of the pectoralis muscle was aligned precisely with the superior border of the graft with a few staples, and then secured with a running a 2-0 polydioxanone suture closing the pocket over the expander.
After the pocket was secured, all air was evacuated from the tissue expander. The expander then was instilled with normal saline, and proper seating of the expander was confirmed. The repair of the IMF and LMF was completed by tying of the remaining untied interrupted sutures, or by tightening and tying of the lower border running suture. As much as possible, it is important to achieve a “hand-in-glove” harmonious fit between the expander, the acellular dermis, and the overlying skin flap. As the mastectomy incision was aligned with a few staples, expander filling continued to compress the expander against the muscle and acellular dermis. Thus the muscle-graft pocket was made taut, but not so taut as to exert excessive tension on the muscle-graft pocket closure or skin closure. To reduce the risk of fluid collection around the expander or between the acellular dermis and the skin flaps, a 7-mm flat drain was placed alongside the expander, and a smaller 10-Fr drain was positioned between the acellular dermis and the skin flap. Final skin closure was completed with a combination of interrupted and running 3-0 poliglecaprone intradermal sutures.
Most patients were discharged the day after surgery, or in rare cases, on postoperative day 2. Oral antibiotics were continued until the drains were removed 7 to 14 days after surgery. Serial expansion was initiated as soon as the skin incision was healed, typically at 2 weeks. Patients were seen at 2- or 3-week intervals until the desired fill volume was achieved.
Stage 2
After completion of expansion and adjuvant therapy, patients were scheduled for device exchange, and when appropriate, simultaneous nipple reconstruction and procedures to the contralateral breast. After appropriate preoperative assessment, all or part of the prior mastectomy incision was opened, and dissection continued into the device pocket. The tissue expander was removed, and the capsule was adjusted as necessary to optimize the position of the implant. A saline or silicone implant then was placed in the pocket, and the incision was closed in anatomic layers with polydioxanone sutures in the capsule and intradermal poliglecaprone sutures. When appropriate, nipple reconstruction was performed simultaneously using a modified skate flap or other technique, and the planned procedures for the opposite breast also were completed.


Results
Over the 15-month period, from March 2004 to June 2005, 43 women underwent stage 1 of acellular dermis-assisted breast reconstruction by the senior author (S.L.S.). A total of 58 breasts were included, representing 28 unilateral reconstructions and 15 bilateral reconstructions. The mean age of the patients at stage 1 was 50.3 years (range, 36–66 years), and the mean follow-up period after stage 1 was 25.9 months (range, 19.2–35.3 months). Therapeutic mastectomies were performed for 40 breasts (69.0%), and prophylactic mastectomies were performed for 18 breasts (31.0%). Three breasts (5.2%) had received radiation before mastectomy, and eight breasts (13.8%) received radiation after mastectomy. For 14 patients (34.4%), 20 breasts were treated with adjuvant chemotherapy.
The mean intraoperative expander fill volume was 242 ml (range, 50–500 ml), which proved to be 66.1% (range, 13.8–100%) of final fill volume on the average. The mean time required to achieve final volume after mastectomy was 1.9 months (range, 0–4.9 months). A mean of 1.6 fills (range, 0–4 fills) postoperatively was required.
Complications occurred after stage 1 reconstruction for seven breasts (12.1%) including four infections, two partial mastectomy flap losses, and one seroma. One expander (1.7%) was explanted due to infection (Fig. 2). Radiation significantly affected the complication rate. Of 11 irradiated breasts, 5 (45.5%) experienced complications compared with 2 (4.3%) of 47 nonirradiated breasts (p = 0.002).

Fig. 2[image: figure 2]
Complications of acellular dermis-assisted breast reconstruction after stage 1 included infection requiring explant of the expander in this patient


Full size image


                     A total of 36 patients (83.7%) representing 50 breasts completed stage 2 exchange to implants. The results of unilateral and bilateral acellular dermis-assisted breast reconstruction are shown in Figs. 3 and 4, respectively. Of 11 irradiated breasts, 3 (27.2%) required autologous tissue salvage at stage 2. In these breasts, two latissimus flaps were added to implant reconstructions, and one pedicled transverse rectus abdominal muscle (TRAM) flap was used to salvage another expander reconstruction.

Fig. 3[image: figure 3]
Unilateral acellular dermis-assisted breast reconstruction after right areola-sparing mastectomy. Preoperative view (left) and completion of stage 1 expansion with tissue expanders (center). Final result after exchange to implants (right)


Full size image


                        Fig. 4[image: figure 4]
Bilateral acellular dermis-assisted breast reconstruction after right simple mastectomy and left nipple-sparing mastectomy. Preoperative view (left) and completion of stage 1 expansion with tissue expanders (center). Final result after exchange to implants (right)


Full size image


                     Three nonirradiated patients (4 breasts) made the entirely elective choice for autologous reconstruction at their second stage, and one nonirradiated patient (1 breast) discontinued the reconstruction for personal reasons. The mean time for completion of stage 2 was 8.6 months (range, 2.9–18.8 months), and the mean follow-up period after stage 2 was 18.1 months (range, 6.7–31.6 months).
Modification to the device pocket included mostly minor capsule manipulations for 28 breasts (56%), and minor IMF adjustments for 9 breasts (18%). Concomitant nipple construction was performed for 28 breasts (56%), and contralateral breast procedures were performed for 6 patients (16.7%). Baker grade 3 capsular contracture occurred in one nonirradiated breast (2%) 3 months after exchange for an implant. This was the only complication observed after stage 2 (Fig. 5). One patient requested contralateral augmentation 4 months after her exchange, and her unilateral reconstruction was therefore adjusted to a larger implant, yielding an overall revision rate of 4% for 18 months of follow-up assessment.

Fig. 5[image: figure 5]
The only complication observed after stage 2 was one Baker grade 3 capsular contracture in this patient (left). Final result after capsulectomy and exchange of implant (right)


Full size image


                     The overall aesthetic outcome of the final reconstruction was assessed for the first 16 patients (22 breasts) who completed reconstruction. The appearance of 22 reconstructed breasts scored a mean of 3.68 out of a possible 5, whereas the 10 contralateral unreconstructed breasts scored a mean of 3.98 out of a possible 5. This difference was not statistically significant (p = 0.32).


Discussion
As reconstructive breast surgery has continued to evolve, surgeons and patients alike have become increasingly demanding in their expectations for the results of reconstruction after mastectomy. Increasingly, safe, predictable, and expeditious reconstruction with low morbidity and an excellent aesthetic outcome has become the standard. The baseline safety and efficacy of expander and implant breast reconstruction is well established in the literature, including, most recently, the experience of Cordeiro and McCarthy [7,8].
To alleviate the morbidity associated with total submuscular expander pocket dissection and to improve overall aesthetics, we have already described our experience with the subpectoral, or “dual-plane,” approach to immediate reconstruction. As an evolution of this concept, we were interested in the possible role of acellular dermis as an interposition graft between the pectoralis major muscle and chest wall to make the inferolateral aspect of the device pocket more secure and to recreate the inframammary fold more authentically.
Acellular dermis has been used successfully for hundreds of thousands of patients with a wide variety of surgical problems. The procedures range from complex abdominal wall reconstruction [9] to repair of dural defects [10]. Several properties of acellular dermis render it a nearly ideal biomaterial for use in breast reconstruction. By serving as a scaffold for cellular ingrowth and revascularization, it allows for ready incorporation of the graft into the device capsule with minimal fibrosis or contracture [11]. Additionally, the high tensile strength and low elasticity of the acellular dermis [12] allows tension to be applied preferentially to the graft during expansion instead of being transmitted directly to the mastectomy flaps.
In our cohort of patients, acellular dermis-assisted immediate breast reconstruction compared favorably with previously published data on submuscular [2, 6, 7] and subpectoral [3] prosthetic reconstructions. The incidence of perioperative complications after stage 1 did not differ significantly from those reported in other large series (Table 1), suggesting that acellular dermis is safe for use in tissue expander breast reconstruction.

Table 1 Outcomes after stage 1 reconstructiona
                                 Full size table


                     After completion of exchange to implants, this cohort demonstrated a lower rate of capsular contracture than the cohort described by Cordeiro and McCarthy [7]. They performed exchange to implant after completion of expansion and chemotherapy, noting significantly greater capsular contracture in patients who had postexchange radiation than in those who had preexchange radiation or no radiation. Our cohort’s capsular contracture rate of 2% during a mean follow-up period of 18 months appears to be encouraging compared with Cordeiro and McCarthy’s data as well as the contracture rates of 8.3% at 3 years reported by Mentor [13] (p = 0.09) and 14.1% at 4 years (p < 0.001) reported by Inamed [15]. Postponing the exchange of expanders to implants until after the completion of radiation therapy likely has helped to lower that number by allowing us to treat the postradiation contracture around the expander at stage 2 by capsulectomy, and autologous tissue support when required.
Our overall revision rate of 4% at 18 months was lower than the primary reconstruction revision rate of 27% at 3 years reported by Mentor (p < 0.001) and the revision rate of 40.9% at 4 years reported by Inamed (p < 0.001) in their premarket approval core studies [13–15]. Our device explant rate of 4% at 18 months was lower than both the rate of 13.1% at 3 years (p = 0.04) reported by Mentor and the rate of 26.1% at 4 years (p < 0.001) reported by Inamed (Table 2). Although our follow-up evaluation for this cohort was half that reported in Mentor’s core study, a closer analysis of their data [16] shows that all explants occurred within 18 months after exchange to implants, and that 61 (74.3%) of 82 (97.6%) and 80 of 82 revisions occurred by 12 months and 24 months after exchange, respectively. Based on this initial study, immediate expander breast reconstruction in a subpectoral plane assisted by acellular dermis followed by exchange to implants after completion of all adjuvant therapy appears to result in acceptably low rates of capsular contracture and additional revisions.

Table 2 Outcomes after stage 2 reconstructiona
                                 Full size table


                     In the subset of patients evaluated for aesthetic outcomes, the overall appearance of the reconstructed breasts did not differ significantly from that of the unreconstructed contralateral control breasts. By recreating a crisp inframammary fold, stabilizing the pectoralis muscle during expansion, and preventing migration of the device during expansion, it seems that acellular dermis-assisted breast reconstruction achieves aesthetic outcomes superior to those we have obtained with submuscular or dual-plane techniques.
With regard to adjuvant therapy, acellular dermis does not appear to confer any protection against the effects of radiation. The incidence of perioperative complications after stage 1 was significantly higher in radiated than in nonirradiated reconstructions (Table 3). Moreover, complications in radiated breasts accounted for 71.4% of all complications observed after stage 1. No complications after stage 2 were attributed to adjuvant radiation. We think this most likely is attributable to our delaying of the exchange procedure until well after all chemotherapy and radiation therapy have been completed. When significant radiation changes occur, salvage or support with autologous tissue flaps can be performed with acceptably good results [17] (Fig. 6).

Table 3 Outcomes after stage 1 expansion in irradiated breastsFull size table


                        Fig. 6[image: figure 6]
Bilateral acellular dermis-assisted reconstruction after right simple mastectomy and left nipple-sparing mastectomy. Preoperative view (left). Irradiated right breast with visible skin changes during stage 1 expansion (center). Therefore, a latissimus dorsi flap was used to support the reconstruction at stage 2 exchange to implants (right)


Full size image


                     Interestingly, four breasts had been irradiated before mastectomy during attempted breast conservation, and no major complications occurred in these breasts after reconstruction. However, patients reconstructed with tissue expanders after mastectomy for recurrence after failed breast conservation were carefully selected and limited to those with no visible radiation damage to the skin.
To offset the significant cost of acellular dermis incurred during initial reconstruction, the value added to the overall reconstruction should be substantial. By allowing surgeons to perform safer, faster, and technically simpler operations with better aesthetic outcomes and fewer revisions, the expense of acellular dermis may well be justified.


Conclusion
The use of acellular dermis simplifies immediate breast reconstruction by eliminating the need to elevate the serratus anterior muscle and the rectus abdominis muscle or fascia for coverage of the device’s inferolateral aspect. Our results suggest that the use acellular dermis is safe for prosthetic reconstruction considering the low complication, revision, and explant rates, which compare favorably with those reported by other large series of expander and implant reconstructions. Additionally, acellular dermis-assisted breast reconstruction achieves aesthetic outcomes that more closely resemble patients’ natural breasts.
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