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Abstract

:

Breast reconstruction during breast-conserving surgery (BCS) can improve the breast shape. This study introduces breast reconstruction in BCS with two types of acellular dermal matrix (ADM). The study included 134 patients who underwent BCS due to breast cancer from February 2018 to May 2021. This study was conducted by one surgeon, and is the result of a three-year study. The patient group who underwent BCS using ADM was mainly targeted at patients with minor to severe defects after the operation. The average age of the patients was 51.8 years, and the body mass index (BMI) was 23.8 kg/m. The specimen weight was 30–120 g. The average surgical time, including reconstruction, was 100.4 min, combined with reconstruction. There were minor complications in six patients. The advantage of using ADM is that it can quickly correct the shape of the breast after conventional BCS surgery. Pellet-type ADM, rather than sheet-type, can create a breast shape similar to that before surgery. Breast reconstruction using ADM can be an easy and convenient method for making a better shape from BCS.
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1. Introduction


Breast-conservation surgery (BCS) has proven to be oncologically safe, and is currently recognized as one of the most common surgical methods in South Korea [1]. BCS has been developed to minimize defects of the breasts via oncoplastic surgery [2]. However, BCS leaves a defect when the breast is extensively resected, and the defect becomes relatively large, especially when the breast is small [3]. This study found that breast reconstruction using the acellular dermal matrix (ADM) can overcome these limitations.



In breast reconstruction, ADM is generally used as a material for covering implants [4]. It is increasingly being used in the reconstruction of nipple-sparing mastectomy and skin-sparing mastectomy via implant insertion in recent years [5,6]. How to use the ADM of breast surgery is already in place, and its safety has been established [7,8]. However, there have been rare reported cases of reconstruction using the ADM in BCS. The ADM is a useful method for the wide excision of breasts, and several methods have been devised to improve the most common problem: infection.



The authors investigated how to achieve ideal results when performing simultaneous breast reconstruction after breast-conserving surgery with two types of ADM. During surgeries, two focuses existed. The first one was the size and shape of the ADM, and the second one was to prevent infection after surgery. Several devised procedures were successful in avoiding infection. Breast reconstruction using the ADM can be an alternative to compensate for the shortcomings of BCS.




2. Patients and Methods


2.1. Patient Selection


The 134 patients who underwent breast-conserving surgery were in a single institution, with a single surgeon, between February 2018–May 2021. This study was approved by the institutional review board of the Ewha Woman’s University Mokdong Hospital (IRB number: 2021-06-030). In all patients, the ADM was used as MegaDerm® (L & C BIO, Seongnam, Korea) or CG CryoDerm (CGBio Corp., Seongnam, Korea), and two types were used: a sheet type or pellet type, according to surgical order (Figure 1). The data were compiled into a spreadsheet using Microsoft Excel (Microsoft Corp., Redmond, WA, USA).




2.2. Surgical Technique


BCS was performed after a 3.5–5 cm skin incision. The operation to make a radial incision towards the axilla was performed with a sentinel lymph node biopsy through the same incision, and in other cases, a separate incision was made. The wide excision of the breast tumor was performed, and cavity margins were confirmed by frozen biopsy. If cavity margins were positive for malignancy, further resection was needed. If the frozen biopsy was negative for malignancy, surgical clips were applied for radiation therapy. At this time, the ADM was soaked in saline, and then in a 1:1 mixture of saline and betadine solution for 20 min (Figure 2A). The surgical site was dressed in betadine solution, and additional drapes were applied (Figure 2B). New surgical instruments were used, along with the tool used for wide resection. After that, the ADM was immersed in betadine solution, and was filled into the surgical site (Figure 2A). Since the ADM absorbed the betadine solution, the gauze was pressed on the surgical site to remove the betadine solution and perform sutures (Figure 2C). The picture of the ADM filled in the surgical site and the schematic diagram of the overall operation are as follows (Figure 3A,B). When the wide excision of breast and sentinel lymph node biopsy were performed with the same incision, the ADM could be directed toward the axilla. In that case, the axillary and chest border were separated via sutures.





3. Results


One hundred and thirty-four patients were included, and all patients underwent BCS. Patient characteristics are described in Table 1. The mean patient age was 51.8 years (range = 27–74 years), and BMI was 23.8 kg/m (range = 16.6–36.8 kg/m2). The average operation time was 100.4 min (range = 40–200 min), and the average reconstruction time was 30 min (range = 20–60 min). The sheet-type ADM was applied to 33 patients, and the pellet-type ADM was applied to 101 patients (Table 1). The drainage tube was not inserted after the operation, and aspiration was performed with a syringe after the operation if necessary. Minor complications occurred in six patients (4.5%). Minor complications were defined according to the Clavien–Dindo classification below grade III [9]. One patient had hematoma, another patient had granuloma, and three patients had surgical site inflammation (Table 2). One patient had a granuloma surgical excision; four inflamed patients were given antibiotics and the ADM was removed. The other patient recovered without special treatment. Cases using the sheet-type ADM had more complications compared to those of the pellet-type ADM.



Patients who visited the outpatient clinic after ADM reconstruction were asked about their breast shape, and all patients were satisfied with the postoperative breast shape. Occasionally, some patients complained of the feeling of a foreign body. However, all the patients agreed that the shape of the breast was similar to that before surgery. The satisfaction of the surgeon who performed the operation was also significantly better in all patients compared to the BCS without ADM insertion.




4. Discussion


BCS with radiation therapy has developed because of the advantage of preserving the breast shape, and shows a similar oncological outcome compared to mastectomy [10]. As seen from the first radical mastectomy and the development of modified radical mastectomy to BCS, the surgical site was gradually minimized [11]. However, in BCS, extensive resection leaves a defect (Figure 4A), and a technique that can compensate for this is reconstruction using the ADM (Figure 4B). This method can maintain the shape of the breast, keeping it similar to that before surgery. In addition, it can be reconstructed quickly (Table 1), reducing the operation time compared to other reconstruction methods. In particular, when the pellet-type ADM was used for reconstruction, the shape of the breast reconstruction was more similar to that before surgery (Figure 5A,B), and patient satisfaction was high.



There were four cases of infection, of which three cases occurred before using a secondary infection prevention method with betadine. To reduce infection, we used the betadine sterilization process, drape retry, and ADM betadine-soaking method, which significantly reduced the chance of infection. After using this method, the number of infection cases was reduced to one case. Furthermore, as a result of the interim analysis of this study, there were five cases of complication using the sheet-type ADM. This complication rate is acceptable. However, this result provided an opportunity to change all of the reconstruction cases to the pellet-type ADM. The cases of side effects were different according to ADM type. ADM types differ in the process of adjusting the shape of the surgical cavity. More side effects existed using the sheet-type ADM. The pellet-type ADM is flexible, and the sheet-type ADM can be folded to fit the shape of the surgical cavity. The sheet-type ADM is angled when folded (Figure 5A). In this process, the sheet-type ADM affects the tension on the surgical wound; therefore, the wound is easily stimulated. Excessive inflammation of the surgical site makes the wound chronic through continuous destruction of the wound tissue [12]. This process promotes tissue damage and delays wound healing. In addition, excessive inflammatory cell recruitment and biofilm formation due to bacterial infection cause a chronic wound [13]. These processes increase wound inflammation and delay wound healing, which may be associated with an increase in inflammatory cases. The pellet-type ADM is movable, making it easier to fit into surgical cavities and less inflammatory than the sheet-type ADM.



According to previous studies, diabetic mellitus (DM), smoking, and neoadjuvant chemotherapy usually cause side effects of the ADM [14]. Among the adverse events in this study, no one was diagnosed with DM, one was diagnosed with hyperlipidemia, and all of them were non-smokers. There was one case in which the ADM was removed due to inflammation during adjuvant chemotherapy. Hyperlipidemia and chemotherapy are both associated with an inflammatory response, which may be the cause of ADM side effects [15,16]. Oxidized regenerated cellulose polymer (ORCP), one of the biomaterials similar to ADM, has been used in breast-conserving surgery to make up the breast shape [17,18]. ORCP differs from the ADM in that it is absorbed into the surrounding tissues after surgery. Therefore, when ORCP is inserted, the lower the tissue density, the higher the risk of fat necrosis and the lower the effectiveness of mammoplasty [18]. On the other hand, the ADM is not absorbable material. Therefore, it is advantageous in maintaining the shape of the breast, and the ADM is a better material for breast reconstruction in this respect.



The ADM was studied to replace extensively burned skin for the first time [19]. Since then, using the ADM has evolved in various surgical fields, such as protection for wounds, tendons, bones, cartilage, and nerves [20,21], as well as the reconstruction of various organs in the human body [22]. The ADM is used for implant wrapping in nipple-sparing mastectomy and skin-sparing mastectomy nowadays, and has already secured stability. However, the method of BCS reconstruction using the ADM is rarely known [23,24]. There was no comparison according to ADM type during BCS surgery before. Therefore, this study is important, because it is the first report of BCS reconstruction depending on the ADM type.



A limitation of BCS reconstruction using the ADM is that there was one case of granuloma caused by an inflammatory response. It is not known which patients will develop the granuloma. However, since this case is rare [25], the advantage of reconstruction using the ADM is greater, and this shortage can be covered.




5. Conclusions


Breast reconstruction with the ADM after BCS can rapidly correct breast shape and prevent infection by following a devised surgical procedure. The advantage of the ADM is that it is easier to maintain the breast shape than other absorbent materials. Moreover, the pellet-type ADM showed better results and fewer complications after surgery, and the shape after reconstruction was similar to that before surgery. Breast reconstruction using the ADM can be an easy and convenient way to create a better shape of the breasts after BCS.







Author Contributions


Conceptualization, N.S.P. and J.A.; resources, N.S.P. and J.A.; writing—original draft preparation, J.A., H.K., W.L., B.-I.M., and N.S.P.; writing—review and editing, J.A., H.K., W.L., B.-I.M., and N.S.P.; supervision, N.S.P. All authors participated in writing and critically reviewing this manuscript. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


The study was conducted according to the guidelines of the Declaration of Helsinki, and approved by the Institutional Review Board the Ewha Woman’s University Mokdong Hospital (IRB number: 2021-06-030).




Informed Consent Statement


Not applicable.




Data Availability Statement


Not applicable.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Kang, S.Y.; Lee, S.B.; Kim, Y.S.; Kim, Z.; Kim, H.Y.; Kim, H.J.; Park, S.; Bae, S.Y.; Yoon, K.; Lee, S.K.; et al. Breast Cancer Statistics in Korea, 2018. J. Breast Cancer 2021, 24, 123–137. [Google Scholar] [CrossRef] [PubMed]

	



Bertozzi, N.; Pesce, M.; Santi, P.L.; Raposio, E. Oncoplastic breast surgery: Comprehensive review. Eur. Rev. Med. Pharmacol. Sci. 2017, 21, 2572–2585. [Google Scholar]

	



Thiessen, F.E.F.; Tjalma, W.A.A.; Tondu, T. Breast reconstruction after breast conservation therapy for breast cancer. Eur. J. Obstet. Gynecol. Reprod. Biol. 2018, 230, 233–238. [Google Scholar] [CrossRef]

	



Hallberg, H.; Rafnsdottir, S.; Selvaggi, G.; Strandell, A.; Samuelsson, O.; Stadig, I.; Svanberg, T.; Hansson, E.; Lewin, R. Benefits and risks with acellular dermal matrix (ADM) and mesh support in immediate breast reconstruction: A systematic review and meta-analysis. J. Plast. Surg. Hand Surg. 2018, 52, 130–147. [Google Scholar] [CrossRef]

	



Gravina, P.R.; Pettit, R.W.; Davis, M.J.; Winocour, S.J.; Selber, J.C. Evidence for the use of acellular dermal matrix in implant-based breast reconstruction. Semin. Plast. Surg. 2019, 33, 229–235. [Google Scholar] [CrossRef] [PubMed]

	



Wazir, U.; Mokbel, K. The evolving role of pre-pectoral ADM-assisted implant-based immediate breast reconstruction following skin-sparing mastectomy. Am. J. Surg. 2018, 216, 639–640. [Google Scholar] [CrossRef]

	



Cabalag, M.S.; Rostek, M.; Miller, G.S.; Chae, M.P.; Quinn, T.; Rozen, W.M.; Hunter-Smith, D.J. Alloplastic adjuncts in breast reconstruction. Gland Surg. 2016, 5, 158–173. [Google Scholar] [CrossRef] [PubMed]

	



Sorkin, M.; Qi, J.; Kim, H.M.; Hamill, J.B.; Kozlow, J.H.; Pusic, A.L.; Wilkins, E.G. Acellular dermal matrix in immediate expander/implant breast reconstruction: A multicenter assessment of risks and benefits. Plast. Reconstr. Surg. 2017, 140, 1091–1100. [Google Scholar] [CrossRef] [PubMed]

	



Clavien, P.A.; Barkun, J.; de Oliveira, M.L.; Vauthey, J.N.; Dindo, D.; Schulick, R.D.; de Santibañes, E.; Pekolj, J.; Slankamenac, K.; Bassi, C.; et al. The Clavien-Dindo classification of surgical complications: Five-year experience. Ann. Surg. 2009, 250, 187–196. [Google Scholar] [CrossRef]

	



Meattini, I.; Becherini, C.; Bernini, M.; Bonzano, E.; Criscitiello, C.; De Rose, F.; De Santis, M.C.; Fontana, A.; Franco, P.; Gentilini, O.D.; et al. Breast reconstruction and radiation therapy: An Italian expert Delphi consensus statements and critical review. Cancer Treat. Rev. 2021, 99, 102236. [Google Scholar] [CrossRef]

	



Von Smitten, K. Surgical management of breast cancer in the future. Acta Oncol. 2000, 39, 437–439. [Google Scholar] [CrossRef] [PubMed]

	



Wilkinson, H.N.; Hardman, M.J. Wound healing: Cellular mechanisms and pathological outcomes. Open Biol. 2020, 10, 200223. [Google Scholar] [CrossRef]

	



Versey, Z.; da Cruz Nizer, W.S.; Russell, E.; Zigic, S.; DeZeeuw, K.G.; Marek, J.E.; Overhage, J.; Cassol, E. Biofilm-Innate Immune Interface: Contribution to Chronic Wound Formation. Front. Immunol. 2021, 12, 648554. [Google Scholar] [CrossRef]

	



Franceschini, G.; Masetti, R. Acellular dermal matrix as filler in breast-conserving surgery: Warnings for a careful use. World J. Surg. Oncol. 2021, 19, 1. [Google Scholar] [CrossRef] [PubMed]

	



Sethi, D.; Sen, R.; Parshad, S.; Khetarpal, S.; Garg, M.; Sen, J. Histopathologic changes following neoadjuvant chemotherapy in various malignancies. Int. J. Appl. Basic Med. Res. 2012, 2, 111–116. [Google Scholar] [CrossRef]

	



Ridker, P.M. Hyperlipidemia as an instigator of inflammation: Inaugurating new approaches to vascular prevention. J. Am. Heart Assoc. 2012, 1, 3–5. [Google Scholar] [CrossRef] [PubMed]

	



Lee, J.; Yang, J.D.; Lee, J.W.; Li, J.; Jung, J.H.; Kim, W.W.; Park, C.S.; Lee, J.S.; Park, H.Y. Acellular dermal matrix combined with oxidized regenerated cellulose for partial breast reconstruction: Two case reports. Medicine 2020, 99, e21217. [Google Scholar] [CrossRef]

	



Rassu, P.C. Observed outcomes on the use of oxidized and regenerated cellulose polymer for breast conserving surgery—A case series. Ann. Med. Surg. 2015, 5, 57–66. [Google Scholar] [CrossRef]

	



Langdon, R.C.; Cuono, C.B.; Birchall, N.; Madri, J.A.; Kuklinska, E.; McGuire, J.; Moellmann, G.E. Reconstitution of structure and cell function in human skin grafts derived from cryopreserved allogeneic dermis and autologous cultured keratinocytes. J. Investig. Dermatol. 1988, 91, 478–485. [Google Scholar] [CrossRef]

	



Tognetti, L.; Pianigiani, E.; Ierardi, F.; Lorenzini, G.; Casella, D.; Liso, F.G.; De Pascalis, A.; Cinotti, E.; Rubegni, P. The use of human acellular dermal matrices in advanced wound healing and surgical procedures: State of the art. Dermatol. Ther. 2021, e14987. [Google Scholar] [CrossRef]

	



Cooper, J.; Mirzayan, R. Acellular Dermal Matrix in Rotator Cuff Surgery. Am. J. Orthop. 2016, 45, 301–305. [Google Scholar] [PubMed]

	



Haney, N.M.; Huang, M.M.; Liu, J.L.; Hawksworth, D.J.; Burnett, A.L. Acellular Dermal Matrix tissues in genitourinary reconstructive surgery: A review of the literature and case discussions. Sex. Med. Rev. 2020. [Google Scholar] [CrossRef] [PubMed]

	



Gwak, H.; Jeon, Y.W.; Lim, S.T.; Park, S.Y.; Suh, Y.J. Volume replacement with diced acellular dermal matrix in oncoplastic breast-conserving surgery: A prospective single-center experience. World J. Surg. Oncol. 2020, 18, 60. [Google Scholar] [CrossRef]

	



Schwartz, J.D. Use of a Bioabsorbable Implant-Acellular Dermal Matrix Construct to Facilitate Oncoplastic Breast-conserving Surgery. Plast. Reconstr. Surg. Glob. Open 2021, 9, e3356. [Google Scholar] [CrossRef]

	



Ichinose, Y.; Kosaka, Y.; Saeki, T.; Fujimoto, A.; Nukui, A.; Asano, A.; Shimada, H.; Matsuura, K.; Hasebe, T.; Osaki, A. Granuloma after breast conserving surgery—A report of three cases. J. Surg. Case Rep. 2021, 2021, rjab199. [Google Scholar] [CrossRef] [PubMed]








[image: Jcm 10 03430 g001 550] 





Figure 1. Surgical order of breast reconstruction using two types of ADM. ADM = acellular dermal matrix. 
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Figure 2. Main steps of the reconstruction using the pellet-type ADM after BCS. (A) The ADM was soaked in betadine solution. (B) Betadine dressing and re-drape was performed after breast wide excision. (C) The ADM was applied at the surgical cavity, and the wound was sutured. ADM, acellular dermal matrix; BCS, breast-conserving surgery. 






Figure 2. Main steps of the reconstruction using the pellet-type ADM after BCS. (A) The ADM was soaked in betadine solution. (B) Betadine dressing and re-drape was performed after breast wide excision. (C) The ADM was applied at the surgical cavity, and the wound was sutured. ADM, acellular dermal matrix; BCS, breast-conserving surgery.



[image: Jcm 10 03430 g002]







[image: Jcm 10 03430 g003 550] 





Figure 3. How to insert the ADM. (A) The ADM soaked in betadine solution was inserted at the surgical cavity. (B) After ADM insertion, compression with gauze was needed for removal of remnant betadine solution and discharge. ADM, acellular dermal matrix. 
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Figure 4. A wide excision leaves a defect; a technique that can compensate for this is reconstruction using the ADM. (A) These pictures show extensive surgical cavities. Top A represents the front of the cavity, and bottom A represents the side of the cavity. (B) ADM insertion was performed to compensate for the surgical cavity. After ADM insertion, top B shows the front of the surgical wound, and bottom B shows the side of the surgical wound.ADM, acellular dermal matrix. 
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Figure 5. MRI on the breasts was performed after reconstruction using two types of ADM. (A) The sheet-type ADM (yellow arrows) was used in this BCS patient. (B) The pellet-type ADM (yellow arrows) was applied for reconstruction after BCS. ADM, acellular dermal matrix; BCS, breast-conserving surgery; MRI, magnetic resonance imaging. 
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Table 1. Patient characteristics.
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	Total
	Sheet-Type ADM
	Pellet-Type ADM





	Age
	Mean ± SD

(Range)
	51.8 ± 9.3

(27–74)
	52.5 ± 10.8

(31–74)
	51.6 ± 8.8

(27–71)



	BMI
	Mean ± SD

(Range)
	23.8 ± 3.8

(16.6–36.8)
	22.7 ± 3.8

(17.2–35.9)
	24.2 ± 3.8

(16.6–36.8)



	Hight
	Mean ± SD

(Range)
	158.8 ± 5.3

(143.8–173.1)
	158.5 ± 5.4

(143.8–168)
	158.9 ± 5.3

(146–173.1)



	Weight
	Mean ± SD

(Range)
	60.1 ± 10.5

(42.5–97.8)
	57.1 ± 10.9

(43.7–97.8)
	61.1 ± 10.2

(42.5–91.7)



	Stage
	Range
	Stage 0–IIIA
	Stage 0–IIIA
	Stage 0–II



	Total operation time
	Mean ± SD

(Range)
	100.4 ± 22.1

(40–200)
	94.9 ± 23.6

(40–150)
	101.7 ± 21.9

(55–200)







ADM, acellular dermal matrix; BMI, body mass index; SD, standard deviation.
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Table 2. Comparison between ADM types.
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Category

	
Patient Number (%)






	
Cases

	
Sheet-type ADM

	
33 (24.63%)




	
Pellet-type ADM

	
101 (75.37%)




	
Complication cases

	
Sheet-type ADM

	
5 (3.73%)




	
Pellet-type ADM

	
1 (0.75%)




	
Classification of

complication

	
Major

	
0




	
Minor

	
6 (4.48%)




	
Types of

complication

	
Hematoma

	
1 (0.75%)




	
Infection

	
4 (2.99%)




	
Granuloma

	
1 (0.75%)








ADM, acellular dermal matrix.
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