
 

 

 

Capsular Contracture in Breast Reconstruction 

 

A thesis submitted to the University of Manchester for the 
degree of 

Doctor of Medicine 

in the Faculty of Biology, Medicine and Health 

 

2020 

 

Rebecca L Wilson 

 

School of Medical Sciences/Division of Cancer Sciences 

 

 

 

 

 

 

 

 



2 
 

Contents 

List of figures ......................................................................................................................................... 6 

List of tables ......................................................................................................................................... 11 

Glossary ................................................................................................................................................ 13 

Abstract ................................................................................................................................................. 14 

Declarations.......................................................................................................................................... 15 

Copyright Statement ............................................................................................................................ 16 

Acknowledgements ............................................................................................................................. 17 

The Author ............................................................................................................................................ 18 

List of presentations ............................................................................................................................ 19 

Oral Presentations ............................................................................................................................. 19 

Poster Presentations .......................................................................................................................... 19 

1. Introduction ...................................................................................................................................... 21 

1.1 Breast Cancer .............................................................................................................................. 21 

1.1.1 Epidemiology ........................................................................................................................ 21 

1.1.2 Surgical Management ........................................................................................................... 21 

1.2 Breast Reconstruction.................................................................................................................. 22 

1.2.1 Autologous breast reconstruction ......................................................................................... 22 

1.2.2 Implant-based reconstruction ............................................................................................... 24 

1.2.3 Immediate versus delayed breast reconstruction ................................................................. 28 

1.2.4 Current Trends in Breast Reconstruction ............................................................................. 31 

1.2.5 Outcomes in breast reconstruction ....................................................................................... 31 

1.3 Capsular Contracture ................................................................................................................... 33 

1.3.1 Definition ............................................................................................................................... 33 

1.3.2 Foreign body reaction ........................................................................................................... 33 

1.3.3 Normal and contracted capsule histoarchitecture ................................................................ 34 

1.3.4 Pathogenesis ........................................................................................................................ 37 

1.3.5 Risk factors for capsular contracture .................................................................................... 39 

1.3.6 Incidence ............................................................................................................................... 40 

1.3.7 Assessment of capsular contracture .................................................................................... 41 

1.3.8 Management of capsular contracture ................................................................................... 44 



3 
 

1.4 Acellular dermal matrices ............................................................................................................ 46 

1.4.1 What are acellular dermal matrices? .................................................................................... 46 

1.4.2 What are acellular dermal matrices used for? ...................................................................... 46 

1.4.3 Available acellular dermal matrices ...................................................................................... 46 

1.4.4 Advantages of ADM-assisted immediate implant based breast reconstruction ................... 46 

1.4.5 Challenges in ADM-assisted immediate implant based breast reconstruction .................... 46 

1.4.6 Clinical outcomes in immediate ADM-assisted implant based breast reconstruction .......... 47 

1.4.7 Aesthetic outcomes in ADM-assisted immediate implant-based reconstruction.................. 54 

1.4.8 Patient reported outcomes in ADM-assisted immediate implant-based breast reconstruction

 ....................................................................................................................................................... 55 

1.4.9 Current clinical trials in ADM-assisted breast reconstruction ............................................... 55 

1.5 Capsular contracture in implant-based breast reconstruction with acellular dermal matrices .... 56 

1.5.1 Histological findings in studies investigating capsular contracture in ADM-assisted breast 

reconstruction................................................................................................................................. 56 

1.5.2 Clinical findings in studies investigating capsular contracture in ADM-assisted breast 

reconstruction................................................................................................................................. 58 

1.6 Conclusions ................................................................................................................................. 60 

1.7 Hypotheses .................................................................................................................................. 60 

1.8 Aims ............................................................................................................................................. 60 

1.8.1 Retrospective clinical cohort study ....................................................................................... 60 

1.8.2 Prospective tissue biopsy study............................................................................................ 61 

2. Methods ............................................................................................................................................ 62 

2.1 Breast Reconstruction With and without StratticE (BROWSE) ................................................... 62 

2.1.1 Retrospective study – comparing short and long-term clinical outcomes in Strattice™-

assisted and submuscular reconstructions .................................................................................... 62 

2.1.2 Clinical cohort Study - assessing rates of capsular contracture, aesthetic and patient 

reported outcomes in Strattice™-assisted and submuscular reconstructions .............................. 64 

2.2 Capsule Study – a comparison of capsule in patients undergoing subpectoral breast 

reconstruction with implant and porcine acellular dermal matrix ....................................................... 69 

2.2.1 Approvals .............................................................................................................................. 69 

2.2.2 Inclusion and exclusion criteria ............................................................................................. 69 

2.2.3 Patient recruitment ................................................................................................................ 69 

2.2.4 Clinical Assessment .............................................................................................................. 69 

2.2.5 Sample collection .................................................................................................................. 70 

2.2.6 Tissue preparation ................................................................................................................ 70 

2.2.7 Haematoxylin and Eosin (H&E) staining ............................................................................... 71 

2.2.8 Herovici staining.................................................................................................................... 71 

2.2.9 Elastin Van Gieson staining .................................................................................................. 72 



4 
 

2.2.10 Immunohistochemistry staining .......................................................................................... 72 

2.2.11 Analysis ............................................................................................................................... 74 

2.2.12 Sample size ........................................................................................................................ 75 

2.2.13 Statistical methodology ....................................................................................................... 75 

3. Results: Breast Reconstruction With and without StratticE (BROWSE) ................................... 76 

3.1 Retrospective study – comparing short and long-term clinical outcomes in Strattice™-assisted 

and submuscular reconstructions ...................................................................................................... 76 

3.1.1 Summary of methods ............................................................................................................ 76 

3.1.2 Demographics of study group ............................................................................................... 76 

3.1.3 Operative data ...................................................................................................................... 76 

3.2.4 Post-operative data ............................................................................................................... 80 

3.1.5 Post-operative complications ................................................................................................ 81 

3.1.6 Unplanned explantation ........................................................................................................ 86 

3.1.7 Long-term revision rates ....................................................................................................... 90 

3.1.8 Outcomes in direct to implant versus a two-stage procedure .............................................. 96 

3.1.9 Differences in outcome between therapeutic and risk reduction surgery in Strattice™-

assisted breast reconstruction ....................................................................................................... 98 

3.1.10 Differences in outcome between skin sparing and nipple sparing mastectomy in 

Strattice™-assisted breast reconstruction ..................................................................................... 99 

3.1.11 Change in practice over time .............................................................................................. 99 

3.1.12 Cost effectiveness using Strattice™ for direct to implant reconstructions .......................102 

3.2 Clinical cohort study - assessing rates of capsular contracture, cosmetic and patient reported 

outcomes in Strattice™-assisted and submuscular reconstructions ...............................................103 

3.2.1 Summary of methods ..........................................................................................................103 

3.2.2 Recruitment to the BROWSE Study ...................................................................................103 

3.2.3 Demographics of the study group .......................................................................................103 

3.2.4 Assessment of capsular contracture ..................................................................................105 

3.2.5 Risk factors for capsular contracture ..................................................................................109 

3.2.6 Aesthetic assessment .........................................................................................................111 

3.2.7 Quality of life using the BREAST-Q score ..........................................................................118 

3.3 Discussion ..................................................................................................................................127 

3.3.1 Demographics .....................................................................................................................127 

3.3.2 Post-operative complications ..............................................................................................127 

3.3.3 Capsular contracture...........................................................................................................132 

3.3.4 Aesthetic outcomes.............................................................................................................133 

3.3.5 Patient reported outcomes ..................................................................................................135 

3.3.6 Sub-group analyses ............................................................................................................136 



5 
 

4.  Results: Capsule Study – a comparison of capsule in patients undergoing subpectoral 

breast reconstruction with implant and porcine acellular dermal matrix....................................139 

4.1 Summary of methods .................................................................................................................139 

4.2 Study group demographics ........................................................................................................139 

4.3 Comparison of native capsule with ADM capsule using histology ............................................140 

4.3.1 Haematoxylin & Eosin staining ...........................................................................................141 

4.3.2 Herovici staining to compare ratio of mature (collagen I) to immature (collagen III) collagen

 .....................................................................................................................................................145 

4.3.3 Elastin Van Gieson staining ................................................................................................146 

4.4 Comparison of native capsule with ADM capsule using immunohistochemistry ......................147 

4.4.1 Collagen I and collagen III staining .....................................................................................147 

4.4.2 Alpha smooth muscle actin (a-SMA) stain for myofibroblasts ............................................148 

4.4.3 Fibronectin ..........................................................................................................................149 

4.6 Discussion ..................................................................................................................................152 

5. Conclusions....................................................................................................................................156 

5.1 Conclusions ...............................................................................................................................156 

5.2 Limitations of the work ...............................................................................................................156 

5.3 Recommendations for future work .............................................................................................157 

6. References ......................................................................................................................................158 

7. Appendices .....................................................................................................................................174 

7.1 Participant invitation letter ..........................................................................................................174 

7.2 BROWSE participant information sheet ....................................................................................175 

7.3 BROWSE CRF ...........................................................................................................................179 

7.4 Medical illustration SOP .............................................................................................................188 

7.5 Aesthetic assessment SOP .......................................................................................................189 

7.6 Breast Q (post-operative reconstruction module) ......................................................................191 

7.7 Capsule participant information sheet .......................................................................................196 

7.8 Capsule Study CRF ...................................................................................................................200 

 

Word count 33 632  



6 
 

List of figures 

Figure 1 Diagrammatic representation of common pedicle and free flaps. Reproduced with permission 

from Critchley et al. (2016); Surgical techniques in breast cancer: an overview. Breast (22) .............. 23 

Figure 2 Two-stage total submuscular breast reconstruction with tissue expander after nipple sparing 

mastectomy (authors own image, created by Helen Carruthers, Medical Illustration, MFT) ................ 25 

Figure 3 Single-stage (direct to implant) immediate breast reconstruction using ADM or dermal sling 

after nipple sparing mastectomy. Showing ADM sutured between the detached lower border of 

pectoralis and chest wall at inframammary fold or dermal sling from its original attachment at the 

inframammary fold and sutured to the detached lower border of pectoralis to create a lower-pole sling, 

to support and cover the implant (authors own image, created by Helen Carruthers, Medical Illustration, 

MFT) ....................................................................................................................................................... 26 

Figure 4 Left: Single-stage (direct to implant) immediate breast reconstruction using prepectoral total 

cover ADM after nipple sparing mastectomy showing the ADM sutured to the chest wall in the upper 

and lower border of the breast. Right: Single-stage (direct to implant) immediate breast reconstruction 

using prepectoral upper pole ADM coverage sutured to a lower pole dermal sling after nipple sparing 

mastectomy (authors own image, created by Helen Carruthers, Medical Illustration, MFT) ................ 27 

Figure 5 The temporal variation in the acute inflammatory response, chronic inflammatory response, 

granulation tissue development and foreign body reaction to implanted biomaterials.  The intensity and 

time variables are dependent upon the extent of injury created in the implantation and the size, shape, 

topography and chemical and physical properties of the biomaterial. Reproduced with permission from 

Anderson (2001); Biological Response to Materials; Annual review of materials research (90) .......... 34 

Figure 6 Three-layer composition (Masson Goldner stain; magnification, 4x): 1, inner layer, with a 

hyaline membrane toward the implant (synovia-like metaplasia); 2, middle layer, with loosely packed 

network of collagen fibres including internal vascular supply and showing increased cellularity; and 3, 

outer layer, with dense connective tissue. Reproduced with permission from Prantl et al. (2007); Clinical 

and morphological conditions in capsular contracture formed around silicone breast implants. Plast. 

Reconst. Surg (100) ............................................................................................................................... 35 

Figure 7 Hematoxylin and eosin staining of human capsules (magnification ×20, scale bar 100 µm). All 

images are oriented with the implant-tissue interface in the lower portion of the image. a Baker IV 

contracted capsule with low cellularity and thick dense bands of highly aligned fibers taken from a 

smooth silicone implant after 3 years of submuscular implantation. b Baker IV contracted capsule with 

increased cellularity and thick dense bands of highly aligned fibers taken from a smooth silicone implant 

after 3 years of submuscular implantation. c Baker II capsule with morphology consistent with synovial 

metaplasia taken from a textured saline implant after 10 years of dual plane implantation. d Baker III 

capsule with morphology consistent with synovial metaplasia taken from a smooth silicone implant after 

15 years of submuscular implantation. e Thin Baker I capsule with loosely arranged fibers taken from a 

smooth saline implant after 3 years of submuscular implantation. f Baker I capsule with low cellularity 

and loosely arranged fibers taken from a smooth saline implant after 12 years of subglandular 

implantation. Reproduced with permission from Bui et al. (2015); Histological characterization of human 

breast implant capsules. Aesthetic Plast Surg (101) ............................................................................. 36 



7 
 

Figure 8 Applanation tonometer used to measure intramammary pressure ........................................ 43 

Figure 9 Results from the iBRA study, demonstrating no difference in outcomes between submuscular 

and ADM reconstructions (205) ............................................................................................................. 48 

Figure 10 The actuarial percentage of acceptable cosmetic outcome in a study of 364 patients, who 

underwent implant based breast reconstruction, assessed by a surgeon and two independent 

assessors (233). .................................................................................................................................... 54 

Figure 11 Forest plot estimating the pooled relative risks for capsular contracture in a meta-analysis of 

two arm studies comparing ADM-assisted breast reconstruction and traditional submuscular technique 

(229) ....................................................................................................................................................... 59 

Figure 12 Recruitment pathway for BROWSE Study ........................................................................... 65 

Figure 13a-c Flinders Tissue tonometer ............................................................................................... 67 

Figure 14 Region of interest training in Definiens Tissue Studio® to identify mature collagen (red), 

immature collagen (blue), cytoplasm (yellow) a. region of interest detection b. specimen ................... 75 

Figure 15 Number of Strattice™-assisted and submuscular reconstructions performed per centre ... 78 

Figure 16 Rates of suspected infection by treatment type between Strattice™-assisted and 

submuscular reconstructions per centre ................................................................................................ 82 

Figure 17 Rates of wound dehiscence by treatment type between Strattice™-assisted and submuscular 

reconstructions per centre ..................................................................................................................... 83 

Figure 18 Outcome after return to theatre per complication comparing Strattice™-assisted and 

submuscular reconstructions ................................................................................................................. 85 

Figure 19 Unplanned explantation rates secondary to post-operative complications between 

Strattice™-assisted and submuscular reconstructions per centre ........................................................ 87 

Figure 20 Kaplan Meier curve showing time to unplanned explantation secondary to infection or wound 

dehiscence following the primary procedure comparing Strattice™-assisted versus submuscular 

reconstruction......................................................................................................................................... 88 

Figure 21 The time to unplanned explantation secondary to infection or wound dehiscence following 

the primary procedure comparing Strattice™-assisted and submuscular reconstructions ................... 88 

Figure 22 Kaplan Meier curve showing time to unplanned explantation secondary to all causes (post-

operative complications & other reasons) comparing Strattice™-assisted versus submuscular 

reconstruction......................................................................................................................................... 90 

Figure 23 Kaplan Meier curve showing time to first revision comparing Strattice™-assisted and 

submuscular reconstruction ................................................................................................................... 92 

Figure 24 Reasons for revision surgery comparing Strattice™-assisted and submuscular reconstruction

 ............................................................................................................................................................... 94 

Figure 25 Kaplan Meier curve showing time to first revision for capsular contracture comparing 

Strattice™-assisted and submuscular reconstruction ........................................................................... 95 

Figure 26 Revision rates comparing Strattice™-assisted and submuscular reconstructions per centre

 ............................................................................................................................................................... 96 

Figure 27 Reasons for implant loss in one and two-stage procedures comparing Strattice™-assisted 

and submuscular technique ................................................................................................................... 97 



8 
 

Figure 28 Trends over time comparing Strattice™-assisted and submuscular reconstructions ........100 

Figure 29 Trends over time of unplanned explantation secondary to post-operative complications 

comparing Strattice™-assisted and submuscular reconstructions .....................................................100 

Figure 30 Trends over time of type of prosthesis used in Strattice™-assisted reconstructions ........101 

Figure 31 Trends over time of size of definitive implant used in Strattice™-assisted reconstructions and 

unplanned explantation of implant secondary to wound dehiscence or skin necrosis ........................101 

Figure 32 Recruitment to the BROWSE Study ...................................................................................104 

Figure 33 Percentage of reconstructions with each Baker grade on examination or had previously 

undergone revision surgery for capsular contracture comparing Strattice™-assisted and submuscular 

reconstructions .....................................................................................................................................106 

Figure 34 Percentage of reconstructions with each Baker grade on examination by clinician and on 

assessment by patient comparing Strattice™-assisted and submuscular reconstructions ................107 

Figure 35 Comparison between the number of clinician assessed Baker grade reconstructions with 

patient assessed Baker grade reconstruction when given a description of each Baker grade in 

Strattice™-assisted and submuscular reconstructions a. Clinician graded Baker 1, b. Clinician grade 

Baker 2. c. Clinician graded Baker 3, d. Clinician graded Baker 4 .....................................................108 

Figure 36 Mean tonometry readings over time comparing Strattice™-assisted and submuscular 

reconstructions .....................................................................................................................................109 

Figure 37 Mean aesthetic scores comparing Strattice™-assisted and submuscular reconstructions 

from breast surgeon (BS), breast care nurse (BCN) and lay person (lay) when using the 10 point Visser 

scale (62) (1-10 for general satisfaction 1-5 for other categories).......................................................111 

Figure 38 Intra-rater reliability using the intra class coefficient of breast surgeon, breast care nurse and 

lay person in the aesthetic scoring of Strattice™-assisted and submuscular implant based 

reconstructions .....................................................................................................................................112 

Figure 39 General satisfaction scores over time in Strattice™ and submuscular reconstructions who 

did not undergo any revision surgery...................................................................................................116 

Figure 40 Comparison of the mean general satisfaction score of Strattice™-assisted reconstructions 

per centre .............................................................................................................................................117 

Figure 41 Median BREAST-Q scores comparing Strattice™-assisted and submuscular reconstructions

 .............................................................................................................................................................118 

Figure 42 Breast-Q scores over time in Strattice™-assisted and submuscular reconstructions .......123 

Figure 43 Comparison of median BREAST-Q scores per Centre in Strattice™-assisted reconstructions

 .............................................................................................................................................................124 

Figure 44 Comparison of median BREAST-Q scores in those undergoing Strattice™-assisted and 

submuscular reconstructions for therapeutic and risk reduction reasons ...........................................125 

Figure 45 Comparison of median BREAST-Q scores in those undergoing unilateral and bilateral 

Strattice™-assisted and submuscular reconstructions .......................................................................126 

Figure 46 Representative image of breast implant capsule demonstrating the three layers of the 

capsule where analysis was performed. Inner layer, surface in contact with the implant, a thin synovial-



9 
 

like metaplasia, middle layer highly cellular with internal vascular supply and outer layer of connective 

tissue rich in collagen fibres .................................................................................................................140 

Figure 47 Photomicrographs of H&E staining demonstrating extent of fibrosis, comparing (a) native 

capsule, score 2, 2.5mm with (b) ADM capsule, score 3, 11mm. Magnification x100 (*surface in contact 

with implant) Black arrows indicating the area of fibrosis. ...................................................................141 

Figure 48 Photomicrographs of H&E staining demonstrating severity and location of inflammation 

comparing (a) native capsule x100 (b) x200, score 2 for inflammation present in the inner layer (arrow 

A) with (c) ADM capsule x100 (d) x200, scored 1 for inflammation present in the outer layer (arrow B) 

(*surface in contact with implant) .........................................................................................................142 

Figure 49 Semi quantitative analysis of native capsule and ADM capsule displaying mean levels of 

fibrosis and inflammation. There was greater extent of fibrosis (p<0.001) and greater thickness of 

fibrosis (p=0.02) in the ADM capsules. ................................................................................................143 

Figure 50 Photomicrographs of H&E staining demonstrating blood vessel density comparing (a) native 

capsule, count 63 with (b) ADM capsule, count 3 x200. Example blood vessels are demonstrated by 

black arrows. We found more blood vessels in the native capsule but given the small sample size this 

did not approach significance. .............................................................................................................143 

Figure 51 Photomicrographs of H&E staining demonstrating fibroblast cellularity comparing (a) native 

capsule, count 116 with (b) ADM capsule, count 107, magnification x400 (c) native capsule and (d) 

ADM capsule, magnification x200. Example fibroblasts are demonstrated by black arrows. We found 

no difference in fibroblast cellularity between the native capsule and ADM capsule. .........................144 

Figure 52 Photomicrographs of H&E staining demonstrating presence of synovial like hyperplasia in 

(a) native capsule, demonstrated by black arrow and (b) absence of the synovial like hyperplasia layer 

in the ADM capsule x40 magnification (*surface in contact with implant) ...........................................145 

Figure 53 Photomicrographs of Herovici staining comparing (a) native capsule with a ratio of mature to 

immature collagen of 0.14 and (b) ADM capsule with a ratio of mature to immature collagen of 10.21 at 

six months of age. The red stain demonstrates the mature collagen I, the blue stain represents the 

immature collagen III and yellow stain represents cytoplasm. Magnification x10 (*surface in contact with 

implant) ................................................................................................................................................146 

Figure 54 Photomicrographs of Elastin Van Geison staining for elastin comparing (a) native capsule, 

scored 2 with (b) ADM capsule, scored 4, <2 years in age, demonstrating increased elastin in the ADM 

capsule, magnification x200 and (c) native capsule, scored 4 with (d) ADM capsule, scored 1, >2 years 

in age, demonstrating decreased elastin in the ADM capsules, magnification x200. Elastin fibres 

demonstrated by black arrows .............................................................................................................147 

Figure 55 Semiquantitative analysis of collagen I and III stain comparing native capsule and ADM 

capsule at all time points from implant insertion, early (<2 years) and late (≥2 years). All scored from 0 

- 5 (intensity (0 (none) to 3 (strong)) + distribution (0 (none) to 2 (diffuse)). No differences were 

demonstrated. ......................................................................................................................................148 

Figure 56 Photomicrographs of a-SMA stain for myofibroblasts comparing (a) native capsule, count 

25% and (b) ADM capsule, count 82.5% magnification x400 and (c) native capsule and (d) ADM capsule 



10 
 

Magnification x100 Example fibroblasts demonstrated by black arrows (*surface in contact with 

implant). We found higher percentage of myofibroblast in the ADM capsules. ..................................149 

Figure 57 Semi quantitative analysis of fibronectin comparing native capsule and ADM capsule in total 

and within the three layers of the capsule. Each layer scored from 0 - 5 (intensity (0 (none) to 3 (strong)) 

+ distribution (0 (none) to 2 (diffuse)) and a total given. No differences were demonstrated between the 

native and ADM capsule but the fibronectin was most abundant in the inner and middle layers of both 

capsules. ..............................................................................................................................................150 

Figure 58 Photomicrographs of fibronectin stain comparing (a) native capsule, scored 5 and (b) ADM 

capsule, scored 6, magnification x100 (*surface in contact with implant). Demonstrating no difference 

in quantity of fibronectin between the native and ADM capsule and most abundant in the inner and 

middle layers of both capsules. ...........................................................................................................151 

 

  



11 
 

List of tables 

Table 1 Advantages and disadvantages of autologous reconstruction ................................................ 23 

Table 2 Advantages and disadvantages of immediate and delayed breast reconstruction (22) .......... 30 

Table 3 10-point scale used in the assessment of aesthetic outcomes after breast reconstruction by 

Visser et al. (62) ..................................................................................................................................... 32 

Table 4 Summary of Cells, Genes and proteins associated with contracted breast capsules, adapted 

with permission from Kyle (2015); Identification of biomarkers for capsular contracture formation and 

novel biomimetic breast implant surface design and development. Thesis, University of Manchester 

(126) ....................................................................................................................................................... 38 

Table 5 Core Studies (46, 155-163): cumulative incidence rates over time of Grade III/IV capsular 

contracture in primary reconstruction and 95% confidence intervals calculated using Kaplan-Meier 

analysis .................................................................................................................................................. 41 

Table 6 Baker classification (164, 165) ................................................................................................. 42 

Table 7 ADMs available in the UK for use in breast surgery ................................................................ 47 

Table 8 Adverse events in RCTs by McCarthy et al. (67) & Dikmans et al. (223) comparing ADM-

assisted and submuscular reconstruction ............................................................................................. 48 

Table 9 Pooled complication rates from meta-analyses of immediate ACM-assisted breast 

reconstruction (2 stage tissue expander (TE) or direct to implant (DTI)) ± a traditional submuscular 

technique ................................................................................................................................................ 51 

Table 10 Relative risks for complications in ACM-assisted versus submuscular breast reconstruction

 ............................................................................................................................................................... 52 

Table 11 Summary of studies comparing capsules at and away from the ADM-tissue interface......... 58 

Table 12 10-point scale used in the assessment of aesthetic outcomes after breast reconstruction by 

Visser et al. (62) ..................................................................................................................................... 68 

Table 13 Primary antibodies used in the IHC staining of breast capsules............................................ 73 

Table 14 Patient demographics and pre-operative risk factors ............................................................ 77 

Table 15 Summary of operative data per breast ................................................................................... 79 

Table 16 Tumour stage comparing Strattice™-assisted and submuscular reconstructions ................ 80 

Table 17 Adjuvant therapy received comparing patients who underwent either Strattice-assisted™ or 

submuscular reconstruction for the treatment of breast cancer ............................................................ 81 

Table 18 Rates of suspected infection by treatment type between Strattice™-assisted and submuscular 

reconstructions ....................................................................................................................................... 82 

Table 19 Rates of wound dehiscence by treatment type between Strattice™-assisted and submuscular 

reconstructions ....................................................................................................................................... 83 

Table 20 Rates of seroma comparing Strattice™-assisted and submuscular reconstructions ............ 84 

Table 21 Reasons for return to theatre in the post-operative period comparing Strattice™-assisted and 

submuscular reconstructions ................................................................................................................. 84 

Table 22 Unplanned explantation rates between Strattice™-assisted and submuscular reconstructions

 ............................................................................................................................................................... 86 



12 
 

Table 23 Reasons for other unplanned explantation in Strattice™-assisted and submuscular 

reconstructions ....................................................................................................................................... 89 

Table 24 Reason for revision surgery comparing Strattice™-assisted and submuscular technique ... 93 

Table 25 Post-operative complications comparing Strattice™-assisted direct to implant and two-stage 

submuscular reconstructions ................................................................................................................. 97 

Table 26 Post-operative complications comparing Strattice™-assisted reconstructions performed for 

therapeutic or risk reduction .................................................................................................................. 98 

Table 27 Post-operative complications comparing skin sparing and nipple sparing mastectomies in 

Strattice™-assisted reconstructions ...................................................................................................... 99 

Table 28 Trends over time of mean ratio of mastectomy weight to implant volume in Strattice™-assisted 

and submuscular reconstructions ........................................................................................................102 

Table 29 Patient demographics and peri-operative risk factors ..........................................................105 

Table 30 Post-operative complications comparing the Strattice™-assisted and submuscular 

reconstructions in the recruited patients ..............................................................................................109 

Table 31 Patient demographics of the seven patients recruited to the Capsule study, comparing the 

capsule in patients with a sub-pectoral breast reconstruction with implant and Strattice™................139 

Table 32 Implant data per patient. Implant duration is the time from previous surgery (where current 

implant was inserted) to current procedure (where the biopsies were taken as part of the Capsule Study)

 .............................................................................................................................................................140 

 

  



13 
 

Glossary 

 

ADM………….. Acellular dermal matrix 

α-SMA……....... Alpha-smooth muscle actin 

ACAN…………. Aggrecan  

BRCA1……….. Breast cancer 1  

BRI……………. Bradford Royal Infirmary 

COL1A1………. Collagen type I 

COL3A1………. Collagen type III  

CTGF…………. Connective tissue growth factor 

DMEM………… Dulbecco’s modified eagle’s medium 

EDTA…………. Ethylenediaminetetraacetic acid 

FBS…………… Fetal bovine serum 

FDA…………… Food and Drug Administration 

HADM………… Human acellular dermal matrix 

HRA…………… Health research authority 

HSP-60……….. Heat shock protein 60 

IL8…………….. Interleukin 8 

IL10…………… Interleukin 10 

MMP12……….. Matrix metalloproteinase 12 

MROC………… Mastectomy reconstruction outcomes consortium 

MTA…………… Material transfer agreement 

NMBRA………. National Mastectomy and Breast Reconstruction Audit 

PBS…………… phosphate buffered saline 

PDGF…………. Platelet derived growth factor 

PROMs……….. Patient reported outcome measures  

RCT…………… Randomised controlled trial 

RVI……………. Royal Victoria Infirmary  

RW……………. Rebecca Wilson, Lead Researcher 

SAA1………….. Serum amyloid A1 

SEM……………Standard error of mean 

TE………………Tissue expander 

TGF-β1……….. Transforming growth factor beta 1 

TIMP4………… Tissue inhibitor of metalloproteinase 4 

TNFα…………. Tumour necrosis factor alpha 

TNFSF11…….. Tumour necrosis factor superfamily member 11 

UHSM………… University Hospital of South Manchester 

  



14 
 

Abstract 

Introduction: In the UK, more than 55000 women are diagnosed with breast cancer each year.  There 

has been a 50% increase in the number of women undergoing immediate breast reconstruction after 

mastectomy, greater than 85% of these are implant based.  One of the most common and unpredictable 

long-term complications is capsular contracture, occurring in up to 25% of cases.  Acellular dermal 

matrices (ADM), now commonly used in immediate reconstruction, have been associated with reduced 

rates of capsular contracture but evidence supporting this is limited. 

Aims: In patients undergoing immediate implant based breast reconstruction with either Strattice™ or 

a submuscular technique, to determine and compare i) the incidence of capsular contracture and rates 

of revision surgery ii) patient reported outcomes iii) cosmetic outcomes and iv) short-term clinical 

outcomes.  In vitro, to compare the implant capsule at the ADM interface and the native tissue 

(pectoralis muscle) interface.  

Methods: A retrospective multicentre cohort study of patients who underwent immediate implant based 

reconstruction with Strattice™ or a submuscular technique between January 2009 and December 2015 

across three tertiary UK centres. Clinical examination and tonometry was performed, medical 

photographs and a comprehensive case note review undertaken. Participants completed the BREAST-

Q. In patients undergoing revision surgery after immediate implant based sub pectoral Strattice™ 

reconstruction biopsies were taken from two different areas of the capsule (ADM tissue interface versus 

pectoral tissue interface) and analysed using histology and immunohistochemistry.  

Results: The outcomes for 553 Strattice™ reconstructions and 242 submuscular reconstructions were 

compared.  Unplanned explantation rate as a complication of primary surgery was 8.5% in the 

Strattice™-assisted group compared to 5.4% in the submuscular. Revision rates were equivalent 

between the groups (46.7% vs. 41.1%) but there were less revisions performed in the Strattice-

assisted group for capsular contracture (5.3% vs. 15.6%, p=<0.001). Capsular contracture occurred in 

13.5% of the Strattice™ reconstructions compared to 21.5% of the submuscular (p=0.14). There were 

significantly higher aesthetic satisfaction scores from all three independent assessors in the Strattice™ 

group. There was no difference in BREAST-Q scores between the two groups. 

Capsules from 12 reconstructions were analysed at a median time of 6 months (range 5 – 81.5 months) 

from the last procedure. No difference in severity of inflammation between the two capsules was 

demonstrated but a difference in location of inflammation and an absence of the inner synovial like 

metaplasia layer in the ADM capsule was seen. The percentage of myofibroblasts was greater in the 

ADM capsules (p=0.04). In capsules older than two years there was higher proportion of elastin in the 

native capsule (p=0.0086). There was a greater proportion of mature collagen in the ADM capsules 

older than six months (p=NS). 

Conclusion: Strattice™ reduces capsular contracture whilst improving aesthetic outcomes in implant 

based breast reconstruction. ADMs may reduce capsular contracture by creating a barrier between the 

native tissues and implant, leading to a less intense foreign body response which remains dormant over 

time. 
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1. Introduction 

1.1 Breast Cancer 

1.1.1 Epidemiology                                                              

In the UK more than 55,000 women are diagnosed with breast cancer each year, making it the most 

common cancer in women and currently the most common cancer in the UK (1).  Annually there are 

approximately 11,500 deaths from breast cancer in the UK (1). Worldwide breast cancer is the second 

most common cancer after lung but the most common in women with an estimated 1.68 million cases 

diagnosed in 2012 (2).  However more than 80% of women are still alive five years from their diagnosis.  

With such a high survival rate, ensuring quality of life in survivorship is critical.      

1.1.2 Surgical Management                                                                                                                

Breast conserving surgery                                                                                                             

Breast conserving surgery is the removal of the cancer with a margin of healthy tissue around it, and 

thus leaving behind the majority of the breast.  Whether this is possible depends on the location, type 

and size of the cancer and breast. Large randomised controlled trials demonstrated no difference in 

survival for those who had breast conserving surgery with whole breast radiation compared to 

mastectomy alone for tumours up to 5cm (3-5). Breast conserving surgery can be done independently 

(wide local excision) or in combination with plastic surgical techniques to improve cosmetic outcome 

(6).  However, there are many instances where breast conserving surgery may not be appropriate or 

feasible.                                                                                         

Mastectomy                                                                                                                                            

A mastectomy is the surgical removal of all breast tissue.  It is performed for cancers not amenable to 

breast conserving surgery, in patients unable to have radiotherapy or for patients who may be suitable 

for breast conserving surgery but would prefer to have the whole breast removed. After breast 

conserving surgery, approximately 9% proceed to mastectomy due to positive surgical margins (7).  

Large, central, multifocal cancers are relative indications for mastectomy, along with recurrent cancers 

in women previously treated with breast radiotherapy.  A mastectomy can be performed using a number 

of techniques, removing varying amounts of skin with or without the nipple areolar complex depending 

on the location of the cancer, body habitus and breast shape of the patient and plans for reconstruction. 

 

Mastectomies are also performed for risk reduction in those deemed high risk of developing cancer in 

the future. There has been an increase in publicity of hereditary breast cancer following Angelina Jolie’s 

revelation that she underwent bilateral risk reducing mastectomy as a carrier of the BRAC1 gene 

mutation.  This has seen a sustained two-fold increase in requests for gene testing and subsequent 

referrals for risk reducing surgery in the UK (8), which is often accompanied by breast reconstruction.  
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1.2 Breast Reconstruction 

Breast reconstruction is surgery to recreate the breast mound.  The broad methods of breast 

reconstruction include autologous where the patient’s own tissue is taken from a different area of their 

body, implant-based or a combination of both.  The aim of reconstruction is to recreate the most 

symmetrical, natural looking breast shape possible, in a safe, acceptable way for the individual patient.  

Doing so can improve their physical and psychological well-being (9-12). The national mastectomy and 

breast reconstruction audit comparing patient reported outcomes in mastectomy alone (n=4726) and 

breast reconstruction (n=2384) using the BREAST-Q reported higher levels of emotional and sexual 

well-being in those undergoing breast reconstruction (12).     

1.2.1 Autologous breast reconstruction       

Autologous reconstruction is when the patient’s own muscle and tissues are used to recreate the breast 

mound.  This can be attached to the original blood supply, pedicle flap or detached from the original 

blood supply and new anastomosis formed, free flap.                                                                                                

History of autologous reconstruction                                                                                                 

The first autologous muscle flap, using latissimus dorsi, was described by Iginio Tasini in 1896 (13).  

He experienced consistent necrosis of the distal third of the flap and continued to revise it over the next 

decade.  Contralateral breast and abdominal tube flaps were performed but abandoned due to poor 

outcomes with high donor site morbidity.  In the early 1900s the only successful technique with 

acceptable aesthetic outcomes was the Holdsworth four-stage tube flap.  However reconstruction was 

not widely accepted until the mid-1900s because of concerns  that “reconstruction might conceal tumour 

recurrence and increase the chances of tumour dissemination” (14).  The Holdsworth flap was replaced 

by the latissimus dorsi myocutaneous flap after it was re-popularised in 1976 now including the overlying 

skin (15).  With many modifications over the following decades, including dividing the skin bridge, 

isolating the vascular pedicle and dividing the thoracodorsal nerve (16-18), it remains a current 

technique in breast reconstruction. Other successful techniques followed which are still used today, 

including the transverse rectus abdominus myocutaneous (TRAM) flap first described in 1982 (19) and 

deep inferior epigastric perforator (DIEP) flap in 1994 (20).  

Current techniques in autologous reconstruction                                                                               

Current techniques in autologous reconstructions include the pedicle latissimus dorsi flap where the 

flap of skin, fat and muscle is rotated from the back onto the chest wall.  Free flaps are taken from the 

abdomen, buttocks and thighs (deep inferior epigastric perforator, superior/inferior gluteal artery 

perforator, and transverse musculocutaneous gracilis) (Figure 1).  There are advantages to autologous 

reconstruction (Table 1), however there is a current decline in numbers performed (21).     
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Figure 1 Diagrammatic representation of common pedicle and free flaps. Reproduced with permission from 
Critchley et al. (2016); Surgical techniques in breast cancer: an overview. Breast (22) 

Advantages and disadvantages of autologous reconstruction                                   

Table 1 Advantages and disadvantages of autologous reconstruction    

Advantages Disadvantages 

• More natural appearance 

• Change with 

increase/decrease in 

body weight  

• Avoid implant associated 

complications 

• More tolerable of 

radiotherapy  

• Less revision surgery 
 

• Longer operating time 

• Longer hospital stay  

• Longer recovery time 

• Donor site morbidity  

• Muscle weakness 

• More scarring i.e. at donor 

site 
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1.2.2 Implant-based reconstruction 

Implant-based reconstruction uses a manufactured prosthetic to provide the volume to rebuild the 

breast mound. Currently these are made of silicone, saline or a combination of both with a smooth, 

textured or polyurethane coating.                                                                                                      

History of implant-based reconstruction                                                                                     

Attempts at prosthetic reconstruction were made using paraffin injections in 1889 (23) then polyvinylic 

sponge implants (24) however severe complications arose from the major foreign body reaction and 

both techniques were abandoned.  The first “implant” inserted was an autologous lipoma in 1895. After 

6 months the neo-breast remained viable (25).  In the early 1900’s several other items were implanted 

such as glass and ivory balls, with little success.  Thomas Cronin suggested filling a sac with silicone 

after seeing a blood bag hanging up that resembled the shape of a breast.  After successfully 

experimenting in dogs, silicone implants were successfully implanted in humans in 1962, both for 

cosmetic augmentation and breast reconstruction (25, 26).  Initial subcutaneous implant positioning 

was associated with skin flap necrosis, explant migration and exposure and was largely replaced by 

submuscular coverage (27).  Improvements in implant manufacturing continued, changing the shell and 

filling, making it now the most common type of breast reconstruction performed. In 2012 85% of 

immediate breast reconstructions performed were implant based (21).                       

Current techniques in implant-based breast reconstruction                                                          

Implant-based techniques are i) single-staged procedures, where a fixed volume implant or adjustable 

permanent expander e.g. Becker™ implant is inserted or ii) two-staged procedures where a tissue 

expander is used.  The traditional two-staged technique involves raising pectoralis major with or without 

serratus anterior to create either a complete or partial submuscular pocket to insert the tissue expander 

in to (27).  The tissue expander is gradually expanded via an internal or external subcutaneous port, 

over a number of weeks until the desired volume is achieved and replaced with a fixed volume implant 

(Figure 2).  This technique is associated with loss of lower pole projection and infra-mammary fold 

definition because of reduced stretch of the pocket.   
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Figure 2 Two-stage total submuscular breast reconstruction with tissue expander after nipple sparing 
mastectomy (authors own image, created by Helen Carruthers, Medical Illustration, MFT)  

 

Adaptations of the traditional technique evolved to give lower pole coverage using a dermal sling (28-

30) or acellular dermal matrix (ADM)/synthetic mesh (31) (Figure 3), allowing for either a single-staged 

or two-staged procedure to be performed.  Dermal slings are derived from de-epithelializing the lower 

mastectomy flap and are particularly advantageous in women with ptotic breasts.  ADM technique is 

more advantageous in smaller, non-ptotic breasted women.   
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Figure 3 Single-stage (direct to implant) immediate breast reconstruction using ADM or dermal sling after nipple 
sparing mastectomy. Showing ADM sutured between the detached lower border of pectoralis and chest wall at 
inframammary fold or dermal sling from its original attachment at the inframammary fold and sutured to the 
detached lower border of pectoralis to create a lower-pole sling, to support and cover the implant (authors own 
image, created by Helen Carruthers, Medical Illustration, MFT) 

 

The elevation of pectoralis major for upper pole coverage can be associated with functional impairment 

and breast animation. This has led to prepectoral total ADM coverage or upper pole ADM coverage and 

lower pole dermal flap (Figure 4) (32, 33). Short –term post-operative outcomes are comparable with 

subpectoral-ADM technique (34-36). Inpatient pain scores are reduced with prepectoral function and 

full range of shoulder motion is returned in half the time of that with subpectoral-ADM reconstructions 

(37). Aesthetic outcome (patient and physician assessed) was found to be excellent in 58.5% (117/200) 

and good in 31.5% (63/200) after a mean follow-up of 36 months (range 3 – 68 months) and no 

animation or Grade III/IV capsular contracture was observed (38). 
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Figure 4 Left: Single-stage (direct to implant) immediate breast reconstruction using prepectoral total cover ADM 
after nipple sparing mastectomy showing the ADM sutured to the chest wall in the upper and lower border of the 
breast. Right: Single-stage (direct to implant) immediate breast reconstruction using prepectoral upper pole ADM 
coverage sutured to a lower pole dermal sling after nipple sparing mastectomy (authors own image, created by 
Helen Carruthers, Medical Illustration, MFT)  

Indications for and contraindications to implant-based reconstruction                

Implants sit pert on the chest wall, with little movement. It is an ideal form of reconstruction for patients 

with small, minimally ptotic breasts, as the shape provided by implant based reconstruction is a closer 

match to this type of breast. Patient preference is the leading factor in the choice of reconstructive 

procedure however it may be influenced by the surgeon’s preference and the treating unit’s capabilities. 

Other relative indications and contraindications to an implant based procedure are:  patient factors; 

body habitus, skin and soft tissues are only able to support a maximum volume and original/contralateral 

breast size may exceed this, hence autologous reconstruction may be more appropriate to give the 

extra volume.  Conversely, in a slim patient, autologous donor sites may be insufficient to provide the 

required volume. Patient lifestyle may preclude an autologous form of reconstruction for example a rock 

climber who does not want to reduce shoulder function due to a latissimus dorsi flap reconstruction (39, 

40). Significant co-morbidities contraindicate the longer operating time and morbidity associated with 

an autologous reconstruction. A review of 14,585 implant based reconstructions demonstrated age 

greater than 55 years (Odds ratio [OR] 1.66, p=0.013), obesity (OR 3.17, p<0.001) and active smoking 

(OR 2.95, p<0.001) are factors associated with higher failure rates in immediate implant based 

reconstruction (41).  

Pectoralis 
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major 

Dermal Sling 
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In the same cohort, obesity was also associated with higher rates of post-operative infection (OR 1.6, 

p<0.001), delayed wound healing (OR 2.1, p<0.001) and return to theatre (OR 1.6, p<0.001) (42) and 

diabetes higher rates of infection (OR 17.46, p=<0.001) (43). Previous or adjuvant radiotherapy is a 

main factor when considering implant based reconstruction as it can significantly increase implant loss, 

capsular contracture rates and effect aesthetic outcome (44, 45).     

Advantages of implant-based breast reconstruction                                                             

Implant based breast reconstruction offers the advantage of a shorter procedure with a quicker recovery 

time, due to the lack of harvesting of an autologous flap.  Other benefits include less scarring and no 

donor site morbidity or consequences of losing tissue such as muscle weakness. 

Disadvantages of implant-based breast reconstruction                                                    

In implant-based breast reconstruction the implant sits pert on the chest wall with very little movement 

and can feel cold and firm giving a less natural breast.  Disadvantages associated with complications 

of the implant itself are explantation, capsular contracture, rupture, malposition, rippling and animation 

(46, 47). With an estimated risk of 1 in 24,000 per breast implant, breast implant associated anaplastic 

large cell lymphoma is a rare but recognised sequela (48). There have been approximately 600 cases 

reported worldwide resulting in 33 deaths (49). Implants do not change as natural tissues do leading to 

progressive asymmetry as the contralateral breast ages or if there is significant weight gain or loss, 

resulting in rates of revision surgery as high as 81% at 10 years (46), to achieve acceptable results.   

Radiotherapy pre and post implant-based breast reconstruction 

Radiotherapy increased implant based reconstruction failure rates from 6% (22/386) to 25% (16/64) 

and 15% (45/304) in patients who had previous or adjuvant radiotherapy, respectively (p<0.001) (50).  

In the same multi-centre cohort study of 754 breasts previous and adjuvant radiotherapy significantly 

increased the re-operation rate (44% vs. 66% vs. 59%). Similarly, adjuvant radiotherapy (n=319) in a 

study of 2133 implant based reconstruction found increased implant loss rates (0.5% vs. 9.1%, p<0.01) 

and increased rates of grade IV capsular contracture (0.5% vs. 6.9%, p<0.01)(44).  Patient satisfaction 

is lower in all aspects of the BREAST-Q after radiotherapy (219/633 patients)(51). 

1.2.3 Immediate versus delayed breast reconstruction                                                                                      

Breast reconstruction can be performed at the time of mastectomy (immediate) or at a separate time 

point in the future (delayed); both have advantages and disadvantages (Table 2).  A recent meta-

analysis of seven studies (3756 patients) demonstrated an increased risk of surgical site infection in 

immediate breast reconstruction compared to mastectomy alone (RR 1.51, p=0.0001).  A prospective 

study comparing immediate (n=209) and delayed (n=116) reconstructions found a higher total 

complication rate in the immediate group (52% vs. 33%, p<0.001) (52).  Relative contraindications, 

predominantly factors that would put a patient at an increased risk of complications with a reconstructive 

procedure compared to an oncological procedure alone, are smoking, obesity, multiple co-morbidities, 

previous breast irradiation, need for axillary node clearance or adjuvant therapy and inflammatory 

breast cancer (22).  
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A retrospective study of 184 patients (270 reconstructions, 71 axillary node clearances) after adjusting 

for other risk factors demonstrated patients undergoing reconstruction with axillary node clearance are 

more prone to a major complication (OR 3.49, 95% CI, 1.4-8.5; p<0.01) (53).  In a survey of 557 

Canadian surgeons and oncologists, 35% felt immediate breast reconstruction delayed adjuvant 

therapy (54).  A systematic review failed to find a relationship between immediate breast reconstruction 

and delay to adjuvant treatment; however of the 14 studies included many were small, retrospective, 

single centre studies (55). Results of the iBRA-2 study, a prospective multicentre cohort study (n=2631) 

have shown immediate breast reconstruction does not impact the time to delivery of adjuvant therapy 

(56). Increase numbers of immediate reconstruction are now being performed (12, 21) and this will be 

the focus of the current research project. 
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Table 2 Advantages and disadvantages of immediate and delayed breast reconstruction (22) 

  Advantages Disadvantages 

Immediate 

breast 

reconstruction 

Patient does not experience 

psycho-social effect of simple 

mastectomy alone 

 

 

Potentially single procedure 

 

 

Preserve skin envelope ± nipple 

 

 

Avoid need for tissue expansion 

 

 

Cost-effective 

Risk of complications 

- May delay adjuvant treatment 

- Psychological blow if 

expectations not met 

 

Further adjustment surgery often 

needed 

 

Considerable time pressure of cancer 

waiting time targets 

- May effect patient choice 

- May limit reconstructive 

option, particularly in units 

without microvascular 

surgery 

 

Patient may require unexpected 

radiotherapy/chemotherapy 

Delayed breast 

reconstruction 

Adjuvant treatments completed 

well in advance of reconstruction 

 

 

No risk of delay to adjuvant 

treatment 

 

More achievable expectations 

 

No time pressure from cancer 

waiting time targets  

Need to replace skin 

- Skin expansion 

(unpredictable if had post-

mastectomy radiotherapy) 

- Import skin with autologous 

reconstruction 

 

Often 2 or more procedures 

 

Need to delay reconstruction post 

radiotherapy >9 months 

 

Patient has to live with simple 

mastectomy 
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1.2.4 Current Trends in Breast Reconstruction 

The 2008 UK National Mastectomy and Breast Reconstruction audit (NMBRA) collected data on women 

undergoing mastectomy with or without reconstruction in the NHS and private sector over a nine month 

period as part of treatment of breast cancer.  The aim was to evaluate current clinical practice and 

outcomes in mastectomy with or without reconstruction, the provision and access to reconstruction and 

the quality of information provided to women.  NMBRA estimated only 21% of women were under-going 

immediate breast reconstruction.  Implant-based reconstruction accounted for 37%, autologous with an 

implant 22% and autologous alone 41% (12).  In 2012 Hospital Episode Statistics (HES) data indicated 

over 16000 immediate reconstruction procedures were performed in NHS hospitals in England, 

compared to 8389 in 1996.  Greater than 85% were implant-based (21). In the US an increasing trend 

in immediate breast reconstruction between 1998 and 2008 was also identified (21% vs. 38%) with an 

average increase in implant based reconstructions of 11% per year. (57).  

1.2.5 Outcomes in breast reconstruction   

Outcome measures can be reported by the patient or professional covering clinical, short-term post-

operative complications and long-term, aesthetic and functional domains. 

Measuring outcomes in Breast   

The optimum way to collect reliable, objective outcome data is prospectively by an independent 

assessor. Any outcome assessed by the treating surgeon will be subject to bias. Retrospective data 

collection is less accurate. To enable data to be comparable and generalizable standards have to be 

set, with strict definitions of outcomes prior to data being collected.    

Clinical outcomes                                                                         

There is currently no universal data collection tool for monitoring post-operative complications and long-

term clinical outcomes after breast reconstruction.  A systematic review by Potter et al. critically 

appraising 134 RCTs and large cohort studies on the reporting of complications after breast 

reconstruction revealed only 19% of the complications were defined and the definitions lacked 

consistency.  There was disparity between the methods and results (53%) and important information to 

translate the results such as length of follow-up and risk factors were omitted in 35% and 43% 

respectively (58).    

Aesthetic outcomes                     

There is no widely accepted, validated aesthetic scale available (59).  Maass et al. (60) critically 

appraised the 12 identified professional aesthetic assessment scales in the literature used for assessing 

post-mastectomy breast reconstruction, using a modified version of the Scientific Advisory Committee’s 

Medical Outcomes Trust criteria.  They evaluated the following characteristics, which they felt the ideal 

scale should adhere to; development of conceptual framework, reliability, validity, responsiveness, 

interpretability, burden for professional and patients and correlation with patient reported outcomes, 

giving a score out of seven (the higher the score the more criteria were met).   
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The most frequently used scale was the ‘Four-point’ by Vrieling et al. (61) scoring 3.  This graded scar, 

size, shape, nipple position, shape of areolar, skin colour and global cosmetic result on a scale of 0 

(excellent) to 3 (poor). The highest scoring scale was the ‘Ten-point’ by Visser et al. (62)(Table 3) 

scoring 4.5. The “Ten-point” scale lacked in responsiveness and interpretability, however all scales 

scored zero in these two categories, with a wide range of inter and intra-rater agreements (reliability).  

Although the ‘Four-point’ scored higher in reliability it fell below in other characteristics and has never 

been validated for use in breast reconstruction. 

 

Table 3 10-point scale used in the assessment of aesthetic outcomes after breast reconstruction by Visser et al. 
(62) 

Characteristic Scale 

Breast volume   

  

 

1 (very dissatisfied)             2             3             4             5 (very satisfied) 

Breast shape 

Breast symmetry 

Breast scars 

Nipple/NAC 

General satisfaction 

 

1 (extremely dissatisfied)   2   3   4   5   6   7   8   9   10 (extremely satisfied)                                  

 

A systematic review of aesthetic assessment in breast reconstruction found 92% were performed by 

professionals alone with 55% being plastic surgeons and the remaining a combination of plastic 

surgeons, nurses and junior doctors (60).  Commonly photographs were used (60), having the 

assessor(s) blinded to reconstructive procedure.  Different results were found between healthcare 

professionals with varying expertise (63), with junior doctors giving overall higher scores (better 

cosmetic outcome) than consultants. When compared with patients evaluations of cosmesis, 

consultants gave overall lower scores (62), indicating those with more expertise are generally more 

critical of the outcomes, although the difference in scores were not significant. 

Patient reported outcomes         

The ultimate goal in breast reconstruction is patient satisfaction, however very few studies focus on this 

as their primary outcome.  It is also important to have patient reported outcomes data to aid other 

women in decision making regarding their reconstruction.  Patient reported outcome measures 

(PROMs) are usually in the form of a questionnaire in order to gain the patient’s own views.  To ensure 

useful information is gained i.e. the measure is reliable and valid, it has to undergo thorough 

developmental and psychometric testing followed by further validation in the population it will be used 

by. The most frequently used validated tool for assessing PROMs in implant-based breast 

reconstruction is BREAST-Q (64-72). Others include WHO QOL-BREF (73), FACT (74) and EQ-5D 

(75). Many studies however use their own variation of a validated tool or a self-designed non-validated 

questionnaire (45, 76-84) often using a Likert scale design.   
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BREAST-Q is a validated, procedure specific tool developed by Dr Pusic comprising of domains in 

satisfaction with breasts and nipples, satisfaction with outcome, psychosocial, sexual and physical well-

being, satisfaction with information and staff (85).  BREAST-Q was meticulously developed in three 

phases and its validation on over 15000 patients has proven it to be highly reliable, valid and responsive 

(86). Response bias is important to consider as the highly satisfied or dissatisfied can be over 

represented in questionnaire based feedback (87).  

 

1.3 Capsular Contracture 

1.3.1 Definition                                                                                                                                     

An inflammatory response is initiated on implantation of a medical device resulting in the formation of a 

fibrous capsule.  Capsular contracture is when this capsule around the breast implant becomes 

thickened, firm and tight causing pain and distortion of the implant.  It remains one of the most common 

and unpredictable long-term complications in implant-based breast reconstruction, with reported rates 

as high as 25% (88). Causing physical and psychological distress for the patient, effecting cosmesis, 

quality of life and leading to further surgery, capsular contracture is a major problem within breast 

surgery. 

1.3.2 Foreign body reaction 

The foreign body reaction occurs at the tissue-implant interface. The response starts within minutes of 

the initial injury, blood and the implant interact, coagulant proteins adhere to the implant and one 

another forming the provisional protein matrix. The release of cytokines, chemokines, mitogens and 

growth factors lead on to acute inflammation. This is followed by chronic inflammation over the first two 

to three weeks with granulation tissue formation, ending in the formation of a fibrous capsule around 

the implanted device (89, 90), Figure 5. The foreign body reaction can be present for the lifetime of the 

device (91).   

 

During the acute and chronic inflammatory phases the granulation tissue forms. It is composed of cells 

including macrophages, fibroblasts and sometimes myofibroblasts in a matrix of predominantly collagen 

III, supporting angiogenesis and is the precursor to the fibrous capsule formation.  Fibroblasts proliferate 

in the granulation tissue and are active in the formation of collagen and other extracellular matrix 

substances e.g. fibronectin. Towards the end of this stage fibroblast to myofibroblast differentiation 

occurs then apoptosis of cells end the formation of granulation tissue (92, 93). In normal skin and 

scarring this marks a mature wound, however when there is an increase in or prolonged presence of 

myofibroblasts, hypertrophic and keloid scars can occur (94, 95). This finding is also present in 

Dupuytren’s contracture, a condition where fibrous tissue forms under the palmar fascia (96).  Fibroblast 

to myofibroblast differentiation can be influenced by a number of cytokines and proteins including TGF-

β and fibronectin (97). Over the following weeks/months collagen III undergoes remodelling and is 

replaced by collagen I which becomes the fibrous capsule. In pathological scars, especially keloid there 

is a higher collagen I to III ratio (98). Dysregulation in various stages of the reaction can lead to over 

production of fibrous tissue.    
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The response can be influenced by patient related factors such as poor nutrition, diabetes and steroid 

use and local factors such as the degree of injury caused by the implantation, the site of implantation 

and its blood supply (90). Physical and chemical properties and surface topography of the implanted 

device can also impact the degree of the response. Smooth surfaces e.g. breast implants have a higher 

fibrous content, whereas rough surfaces e.g. vascular grafts have a higher macrophage and foreign 

body cell content (90).  

 

Figure 5 The temporal variation in the acute inflammatory response, chronic inflammatory response, granulation 
tissue development and foreign body reaction to implanted biomaterials.  The intensity and time variables are 
dependent upon the extent of injury created in the implantation and the size, shape, topography and chemical 
and physical properties of the biomaterial. Reproduced with permission from Anderson (2001); Biological 
Response to Materials; Annual review of materials research (90) 

1.3.3 Normal and contracted capsule histoarchitecture   

The fibrous capsule is formed around the implant as the final stage of the foreign body response in an 

attempt to segregate the implant from the surrounding tissues. The capsule is composed of three layers, 

Figure 6;  

1. Inner layer (directly adjacent to the implant) described as a thin synovial-like metaplasia, 

containing macrophages, fibroblasts and occasional multinucleated giant cells as well as 

adhesive proteins such as fibronectin (99-101). The presence of this layer is observed more 

with textured implants and is found to decrease with increase in implant duration (102, 103)  

2. Middle layer which is highly cellular composed predominantly of immune cells within loosely 

arranged connective tissue including an internal vascular supply. Collagen fibres are orientated 

parallel to the implant (100, 104) 

3. Outer layer of dense connective tissue, rich in collagen fibres aligned perpendicular to the 

implant (100, 104, 105) and also containing myofibroblasts (99, 106) 
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Figure 6 Three-layer composition (Masson Goldner stain; magnification, 4x): 1, inner layer, with a hyaline 
membrane toward the implant (synovia-like metaplasia); 2, middle layer, with loosely packed network of collagen 
fibres including internal vascular supply and showing increased cellularity; and 3, outer layer, with dense 
connective tissue. Reproduced with permission from Prantl et al. (2007); Clinical and morphological conditions in 
capsular contracture formed around silicone breast implants. Plast. Reconst. Surg (100) 

 

Contracted capsules are described as being more cellular with increased numbers of fibroblasts and 

myofibroblasts (101, 107). Although myofibroblasts play a significant role in tissue repair, persistent 

activation of myofibroblasts can lead to a pathological response contributing to fibrosis (108).  Collagen 

fibres are thick and highly aligned in contracted capsules whereas they are thin, loosely arranged and 

multi-directional in non-contracted capsules, figure 7 (101).  Contracted capsules appear to have a 

more vascular outer layer which non-contracted capsules do not (101). Capsule thickness can vary 

significantly however is positively correlated with implantation time. Non-contracted capsules are 

significantly thinner than contracted (101, 103, 107) but the thickness has not been shown to correlate 

with degree of contracture (i.e. Baker II, III or IV) (100). There was a significant increase in capsule 

thickness when calcification and silicone was present within the capsule however the trend of higher 

baker grade with these findings did not reach statistical significance (103).    
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Figure 7 Hematoxylin and eosin staining of human capsules (magnification ×20, scale bar 100 µm). All images 
are oriented with the implant-tissue interface in the lower portion of the image. a Baker IV contracted capsule with 
low cellularity and thick dense bands of highly aligned fibers taken from a smooth silicone implant after 3 years of 
submuscular implantation. b Baker IV contracted capsule with increased cellularity and thick dense bands of 
highly aligned fibers taken from a smooth silicone implant after 3 years of submuscular implantation. c Baker II 
capsule with morphology consistent with synovial metaplasia taken from a textured saline implant after 10 years 
of dual plane implantation. d Baker III capsule with morphology consistent with synovial metaplasia taken from a 
smooth silicone implant after 15 years of submuscular implantation. e Thin Baker I capsule with loosely arranged 
fibers taken from a smooth saline implant after 3 years of submuscular implantation. f Baker I capsule with low 
cellularity and loosely arranged fibers taken from a smooth saline implant after 12 years of subglandular 
implantation. Reproduced with permission from Bui et al. (2015); Histological characterization of human breast 
implant capsules. Aesthetic Plast Surg (101) 
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1.3.4 Pathogenesis           

The reason why capsules become contracted is unknown. Believed to be multifactorial, two proposed 

mechanisms are; excessive immunological foreign body response (99, 103, 109-111) and low-grade, 

subclinical infections and biofilms (112-116).                                                                                                                      

Excessive foreign body/inflammatory response                                               

In the absence of other contributing factors such as haematoma or infection the excessive response is 

likely to be secondary to the foreign body (implant) alone.  Dysregulation of any stage of the foreign 

body reaction can lead to fibrosis. The very initial interaction between the blood and implant where 

protein adsorption and cell attachment occurs leading to cytokine and chemokine release may have a 

significant impact on the extent of the foreign body reaction (117-119). It is thought that the surface 

topography of implants on a micro and nano metric scale can influence this stage in the response (120-

122). Barr et al. demonstrated a difference in binding affinity of pro-inflammatory and anti-inflammatory 

proteins to commercially available implant surfaces while Cappellano et al. demonstrated these 

surfaces can induce secretion of proinflammatory cytokines (121, 122). Down regulation of pro-

inflammatory/pro-fibrotic genes and reduced secretion of pro-inflammatory/pro-fibrotic cytokines has 

also been demonstrated in different biomimetic silicone topographies (120). 

 

Macrophages, one of the predominant cells in mounting a host response to any insult to the body, are 

abundant in the chronic inflammatory phase of the foreign body reaction and produce the cytokine 

transforming growth factor-β1 which regulates fibroblast to myofibroblast differentiation. Normal 

collagen and extracellular matrix deposition is dependent on healthy fibroblasts. Silicone can damage 

macrophages leading to the over production of TGF-ß and IL1, a pro-inflammatory cytokine (123). Both 

TGF-ß and IL1 can then increase fibroblast proliferation and fibroblast to myofibroblast transition, 

increasing collagen production and therefore fibrosis (124). When myofibroblasts persist beyond the 

granulation phase of the foreign body response it is thought excessive extra cellular matrix deposition 

and pathological contracture occurs (89). Contracted capsules are found to contain increased numbers 

of myofibroblasts (101, 107).  

 

Further dysregulation of components involved in the inflammatory response have been demonstrated 

in contracted breast capsules supporting this theory (Table 4), for example increased expression of 

tumour necrosis factor–α, a pro-inflammatory cytokine (125) and reduced expression of TSG-6, a 

pluripotent protein with anti-inflammatory properties (111).   
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Table 4 Summary of Cells, Genes and proteins associated with contracted breast capsules, adapted with 
permission from Kyle (2015); Identification of biomarkers for capsular contracture formation and novel biomimetic 
breast implant surface design and development. Thesis, University of Manchester (126) 

Cell/Gene/Protein Expression/effect in higher Baker 

grades 

Author Year 

Interleukin 2 Increased Wells et al 

(127) 

1994 

Hyaluronic Acid Increased Wells et al 

(127) 

1994 

MMP:TIMP ratio Decreased ratio Ulrich et al 

(128, 129) 

2004, 2009 

Aminoterminal propeptide of 

procollagen type 3 

Increased Ulrich et al 

(128) 

2004 

T-lymphocytes Silicone induced dysregulation Wolfram et al 

(99) 

2004 

TNF-α Increased Tan et al (130) 2010 

Cysteinyl leukotriene receptor-

2 

Increased Tan et al (130) 2010 

Collagen type 3 Decreased Tan et al (130) 2010 

Tumour suppressor gene 6 Decreased Tan et al (111) 2011 

T regulatory and TH17 cells Increased production of cytokines 

(IL17, IL8, IL6, TGFß1 & 

interferon gamma 

Wolfram et al 

(131) 

2012 

IL8  Increased Kyle et al 

(132) 

2013 

TIMP4 Decreased Kyle et al 

(132) 

2013 

Mast cells Activation of fibroblasts through 

increased secretion of histamine, 

renin-ANG II & TGFß 

Brazin et al 

(133) 

2014 

Fibroblasts Increased pro-inflammatory & 

pro-fibrotic genotype & phenotype 

Kyle et al 

(134) 

2015 

Lysyl oxidase Increased Poh et al (135) 2018 

Toll-like receptors 2 and 6 Increased  Bachour et al 

(136) 

2019 
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Infection 

Infection as a cause of capsular contracture was first proposed by Burkhardt et al. in 1981 (137). 

However, many cases of capsular contracture were found to form without gross evidence of infection, 

this led to the recognition of bacterial biofilms as a contributory factor (138).  A biofilm - “a structured 

community of bacterial cells enclosed in a self-produced polymeric matrix and adherent to an inert or 

living surface” (139) drives a chronic inflammatory response.  During the inflammatory process 

fibroblasts grow leading to further collagen deposition, differentiate in to myofibroblasts and subsequent 

contracture occurs. Using an in-vivo model (inoculating the peri-prosthetic pocket in pigs with 

staphylococcus epidermidis over a 13 week period) Tamboto et al. demonstrated biofilm is associated 

with a four-fold increase risk of developing capsular contracture (116).  Further studies inoculating the 

peri-prosthetic pockets in animal models found an increase in capsular contracture (113, 114).  Not all 

implants/capsules which become contracted are found to have a biofilm (112).     Anderson suggested 

a prolonged acute inflammatory phase of the foreign body response indicated the presence of infection 

(90). Infection and biofilms are therefore further factors that can dysregulate the foreign body response 

resulting in capsular contracture rather than a true cause.     

1.3.5 Risk factors for capsular contracture  

Factors which have been associated with an increased risk of capsular contracture are tissue trauma, 

haematoma, infection; radiotherapy and implant surface and rupture (44, 78, 140-150), events which 

could drive or dysregulate the inflammatory response.   

Haematoma 

Haematoma caused a two-fold increase in rate of capsular contracture in a study of 3495 implants with 

a mean follow-up of three years (146).  Of 62 patients with haematomas, 12 developed capsular 

contracture compared to 412 of 3432 without.   In a study of 1655 implants, haematoma was associated 

with a significant increase in capsular contracture (29% vs. 13%) with a more rapid occurrence of the 

contracture (147).   

Radiotherapy 

In a prospectively collected database of 2133 implant based reconstructions (15% received 

radiotherapy); with annual assessment by the operating surgeon and a mean follow-up of 58.8 months, 

there was a significant increase in capsular contracture (44).  Grade III capsular contracture in the 

radiotherapy group was 39.7% vs. 5.9% in the non-radiotherapy group and grade IV 6.9% vs. 0.5% 

respectively.  A systematic review of pre and post reconstruction radiotherapy demonstrated a pooled 

severe capsular contracture rate of 25% (95% CI 10-45) in 68 breasts that had radiotherapy pre-

reconstruction and 32% (95% CI 20-46) in 818 breasts that had radiotherapy post-reconstruction.  Both 

prospective and retrospective studies were included and mean follow-up ranged from 15 – 96 months; 

however, this is higher than the rates demonstrated from the core studies (Table 5).   

 

Studies have suggested radiotherapy can increase the number of myofibroblasts by TGF-ß 

upregulation and endothelial-mesenchymal transition (EndoMT) (151-153) which are then responsible 

for excessive collagen and extra cellular matrix production and increased fibrosis (89).  
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Implant rupture  

Silicone particles have been found in contracted capsules (103, 107), in a study of 26 contracted 

capsules high silicone levels were present in eight (31%).  A greater capsule thickness was associated 

with a stronger presence of silicone (p<0.001), however a significant correlation between Baker grade 

and presence of silicone has not been made. Implant rupture can present with symptoms consistent 

with capsular contracture, change in breast size, shape, texture and pain however rupture rate was no 

different between symptomatic (72%) and asymptomatic (71%) women having implants removed in a 

retrospective studies evaluating 592 removed implants (154).   

 

Silicone can damage macrophages, one of the key cells in the chronic inflammation phase of the 

foreign body reaction, in turn leading to the over production of TGF-ß and IL1, a pro-inflammatory 

cytokine (123) both of which increase fibroblast proliferation increasing collagen production and 

therefore fibrosis (89).  

Implant surface 

Surface topography can play a significant role in the intensity of the foreign body response from the 

initial cell interactions to how the collagen is organised during the capsule formation.  This is discussed 

in more detail in the preventative measures section. 

1.3.6 Incidence                                                                                                                                    

The most comprehensive data we have reporting incidence of capsular contracture over time comes 

from the ‘Core Studies’. In 1992, in response to concerns about the lack of safety information, the Food 

and Drug Administration (FDA) removed and banned the use of silicone implants. However, due to 

public health demand the FDA supported their continued use in reconstruction and correction of 

congenital deformities with the condition that manufacturers performed studies assessing long-term 

safety and effectiveness. These “Core Studies” required the manufacturers to perform clinical 

assessments annually for 10 years, reporting outcomes to the FDA who then released interim reports 

to the public.  One of the key findings of these studies was that capsular contracture can occur at any 

time point post implantation but incidence increases with time (46, 103, 155-163)(Table 5).  In primary 

augmentation, capsular contracture rates were 1.9% at three years and 19.1% at ten years with Allergan 

Natrelle® silicone gel-filled implants (157, 163). 



Table 5 Core Studies (46, 155-163): cumulative incidence rates over time of Grade III/IV capsular contracture in 
primary reconstruction and 95% confidence intervals calculated using Kaplan-Meier analysis                                                                                            

 3 years % 

(95% CI) 

5 years % 

(95% CI) 

6 years % 

(95% CI) 

8 years % 

(95% CI) 

9 years % 

(95% CI) 

10 years % 

(95% CI) 

Allergan 

Natrelle® 

silicone gel-

filled implants  

5.9 

(3.4-10.2) 

 10.7 

(7.1-16.0) 

  24.6 

(16.2-36.2) 

Mentor Memory 

Gel® silicone 

gel-filled 

implants 

8.3 

(4.7-11.9) 

 13.7 

(9.7-19.1) 

15.3 

(11.1-20.9) 

  

Sientra® 

Silimed gel-

filled implants 

 10.6 

(7.0-16.0) 

 

 

12.8 

(8.6-18.8) 

14.4 

(9.8-20.8) 

 

  

1.3.7 Assessment of capsular contracture                                                                               

Subjective assessment of capsular contracture  

Baker Classification                                                                                      

Baker grade was introduced in 1975 as a classification system of capsular contracture in breast 

augmentation (164). A modified scale has since been described for use in implant based breast 

reconstruction (Table 6) (165).  This subjective scoring system is widely accepted and commonly used 

in the clinical setting; however, it has not been formally validated in breast augmentation or 

reconstruction. 
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Table 6 Baker classification (164, 165) 

Original Baker classification of capsular 

contracture after breast augmentation  

 Classification of capsular contracture after 

implant-based breast reconstruction 

Class I Breast absolutely natural; no one 

could tell breast was augmented 

Class IA Absolutely natural, cannot tell 

breast was reconstructed 

  Class IB Soft, but the implant is detectable by 

physical examination or inspection 

because of mastectomy  

Class II Minimal contracture; I can tell 

surgery was performed, but the 

patient has no complaint 

Class II Mildly firm reconstructed breast with 

an implant that may be visible and 

detectable by physical examination 

Class III Moderate contracture; patient 

feels some firmness 

Class III Moderately firm reconstructed 

breast, implant is readily detectable 

but the result may still be acceptable  

Class IV Severe contracture; obvious just 

from observation 

Class IV Severe capsular contracture with an 

unacceptable aesthetic outcome 

and/or significant symptoms 

requiring surgical intervention 

 

Objective assessment of capsular contracture 

Tonometry                                                                                                                                       

Applanation tononmetry is an objective measurement of intramammary pressure to evaluate breast 

hardness in capsular contracture (166, 167).  A flat transparent disc (Figure 8) is placed on the breast 

and the area of contact is quantified in relation to the pressure applied to determine a score between 

zero (hard) and ten (soft).  Baseline tonometry readings in non-operated breasts range from four to ten 

(168).  One study of 120 augmentations found good correlation between Baker grade and mean 

tonometry readings.  The contact area however may be influenced by the size of the breasts therefore 

serial measurements may be more accurate to account for differences between patients and tissues.  

In animal models tonometry was able to detect tissue softening following lipoinjection of capsules, 

despite no significant histological change in the explanted capsules (169). Although tonometry identifies 

capsule formation (170), it may be no more sensitive than clinical assessment (171).   
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Figure 8 Applanation tonometer used to measure intramammary pressure 

Mammary Compliance                                                                                                             

Mammary compliance or breast compressibility is calculated by the difference in the diameter of the 

breast at rest and when compression is applied by a known force using callipers.  Mammary compliance 

values correlate with Baker grade (168, 172, 173).  Using untreated breasts as a control (n=59), 

compliance values matched those of the augmented/reconstructed breasts classified as baker grade I 

(n=45) (172).  In a study of 120 augmented breasts mean mammary compliance values increased as 

Baker grade increased (173).   All studies concluded that readings were independent of the thickness 

of overlying soft tissue reflecting accurate assessment of the capsule (168, 172, 173).   

Elastography                                                                                                                            

Ultrasound elastography, a technique for quantitative assessment of tissue stiffness, had been 

developed and used in the diagnosis of breast lesions over the past 20 years but was first described 

for the assessment of capsular contracture in a case report in 2011 (174). A study of only 11 patients, 

demonstrated high correlation between the Baker grade and elastography measurement, in 77% of 

cases the elasticity grade matched the Baker grade (175).  



44 
 

1.3.8 Management of capsular contracture                                                                                  

Preventative measures                       

Addressing potential causative mechanisms and risk factors, techniques have been proposed to reduce 

incidence of capsular contracture.  These include; bloodless dissection, pocket irrigation, minimising 

contact with the implant, avoiding peri-areolar incisions and using textured implants (88, 140, 144, 176-

179).  Other techniques to reduce contamination of the implant such as glove changes and introduction 

sleeves have not been studied specifically in their effect on capsular contracture formation.  

             

Pocket Irrigation                              

Both in-vitro and clinical studies to determine the best mixture for irrigating and the clinical outcomes of 

its use have been performed (176, 180, 181).  In a 6 year prospective study, a threefold reduction in 

capsular contracture in breast reconstruction was demonstrated when a solution of 50,000 units of 

bacitracin, 1g of cefazolin, 80mg of gentamicin and 500ml of normal saline was used compared to saline 

alone. Although two independent examinations were performed, mean follow-up was only 14 months.  

In a retrospective review of 1244 augmentation patients capsular contracture rate was 2.2% with 50% 

betadine pocket irrigation, this further reduced to 0.5% when the nipple areolar complex was covered 

with a betadine soaked swab (n=211), however mean follow-up was only 5 months in this group (177)

   

Incision placement                                                                                                             

In breast augmentation, there is a greater than 15-fold increase in capsular contracture when a peri-

areolar incision is used compared to an inframammary incision (9.5% and 0.59%) (182). This may 

reflect the colonisation of the ductal system with bacteria resulting in a five times higher bacterial count 

found peri-areolar compared to inframammary (183).  However, the applicability of this to nipple sparing 

(or nipple sacrificing) breast reconstruction, where the duct system is divided (and removed) irrespective 

of incision placement, is less clear. 

Textured implants                    

A meta-analysis of 16 RCTs and two retrospective studies (n=8,458) comparing implant shell type in 

both augmentation and reconstruction concluded smooth breast implants were more likely to be 

associated with capsular contracture (RR 3.10, 95% CI, 2.23-4.33) (184).  Textured implants appear to 

disrupt the organised arrangement of fibroblasts and myofibroblasts which occur around smooth 

implants, this disruption is advantageous in reducing the formation of capsular contracture (185-187). 

In one study contracted and non-contracted capsules from textured implants were found to be negative 

for myofibroblasts (n=8), whereas 35% of smooth capsules (n=40) stained positive for myofibroblasts 

(p<0.05) (101).  Significantly higher fibroblast adhesion is seen in textured implants suggesting they 

promote tissue ingrowth and therefore produce an enhanced, stable host-prosthesis interface 

promoting decreased capsular contracture (188).  In-vitro, textured implants had 72-fold more bacteria 

at 24hrs compared to smooth implants.  However, in-vivo this did not translate to a difference in biofilm 

or presence of capsular contracture at 20 weeks in a study of 121 implants in pigs (189).   
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Polyurethane implants are silicone implants coated in polyurethane foam, giving a furry appearance 

and feel.  A systematic review concluded reported rates of capsular contracture with polyurethane 

implants are 3-30 times lower than textured silicone (88).  However, it was felt that the true incidence is 

likely to be higher as the data available was from a single centre and retrospective studies lacking in a 

description of how patients were assessed for capsular contracture.  Despite positive clinical findings, 

in animal models polyurethane coated implants have been associated with a more intense foreign body 

reaction and myofibroblasts presence (190, 191). It is difficult to ascertain in the animal model whether 

these features would translate into higher rates of capsular contracture in the long term.     

Surgical management of capsular contracture                                                                                                                                             

Often surgical intervention is required to improve the cosmetic appearance and relieve symptoms 

especially in grade III and IV capsular contracture (Table 6). Data from the Core Studies (155-163) 

demonstrated 15% of revisions and 18% of implant removals were secondary to capsular contracture.  

Capsulotomy release of the capsule or capsulectomy excision of the capsule can be performed however 

capsular contracture can still recur.  Rates of capsular contracture after revision reconstruction can be 

as high as 23% (155-163). Cheng et al. (192) described wrapping implants in ADM after capsulectomy 

in 16 breasts with no recurrence of capsular contracture over an average of 9 months follow-up.  

Patients may require further reconstruction with autologous tissue or prefer to have their reconstruction 

removed completely, despite the poor cosmetic result.         

Non-surgical management of capsular contracture                                                                                                                                      

Non-surgical methods including massage and ultrasound have been suggested but there is little 

evidence of their continued success.  On average six sessions of ultrasound therapy in 52 women (with 

grade II-IV contractures) resulted in an improvement of at least one Baker grade in 82% at 1 year follow-

up. However, there was no further follow-up to assess whether these improvements were sustained 

(193).  Pirfenidone, an oral anti-fibrotic drug, given prophylactically reduced collagen content by 50% 

along with inflammation and capsule thickness in a study of 10 rats (194).  It has not been studied in 

the human population.  Zafirlukast, an oral leukotriene receptor antagonist, has the most successful 

results (195-199) but remains unlicensed for this use.  Prophylactic zafirlukast reduced the fibroblast 

and collagen layer and overall capsule thickness around discs of tissue expander material which were 

implanted into 40 rats  (199).  Mammary compliance improved in a study of 120 women, diagnosed with 

capsular contracture and treated with a 6 month course of zafirlukast, compared to controls, however, 

the effect regressed after cessation of therapy (198, 200). 

 

 

  



46 
 

1.4 Acellular dermal matrices 

1.4.1 What are acellular dermal matrices?                                                                                        

Acellular dermal matrices (ADMs) are decellularised human or animal derived tissues such as dermis.  

The collagen and extracellular matrix is used as a scaffold for the host tissues to grow into (201). 

1.4.2 What are acellular dermal matrices used for?                                                                                 

ADMs were first introduced in 1993 as a replacement tissue in burns injuries (202) but are now used in 

the management of herniae, chronic wounds and for many reconstructive procedures.  Breuing et al. 

first described their use in breast reconstruction to support, cover and disguise the lower part of the 

breast implant (Figure 3, page 27)(31).  They are now also used in delayed reconstruction, revision 

surgery for reconstruction and augmentation and primary augmentation (203, 204).   

1.4.3 Available acellular dermal matrices            

A porcine dermis derived ADM (Strattice™) was the first to be introduced to the UK in 2008 for use in 

immediate breast reconstruction. There are now several variations available derived from different 

animal tissues and often undisclosed processing techniques (Table 7).  Human derived acellular dermal 

matrices (HADM), widely used in the USA, are not licensed for use in the UK.  Data comparing clinical 

outcomes between the products is limited. Exploratory analysis from the iBRA study, a non-randomised 

multi-centre prospective cohort study (n=2655 immediate implant based reconstructions), showed no 

association between type of mesh and short-term outcomes (205).  

1.4.4 Advantages of ADM-assisted immediate implant based breast reconstruction                            

Benefits described with ADM use are highly subjective but are i) improved aesthetic results (63, 206) 

from improved lower pole projection, giving a more natural ptotic looking breast (31, 63, 207-209) ii) 

improved inframammary fold definition (206, 209-211);  iii) reduced pain (207, 212) and iv) shorter 

operating and recovery times (31), v) increased intra-operative fill volume and decreased number of 

expansions after two-stage procedures (211), vi) improved implant coverage, vii) less rippling and less 

implant displacement (206, 213).  There is very little literature on the long-term outcomes, especially in 

the UK population.  Limited evidence suggests that ADMs reduce the rate of capsular contracture (63, 

206-208).  

1.4.5 Challenges in ADM-assisted immediate implant based breast reconstruction 

Adequate skin flap perfusion and vascularity after skin sparring mastectomy is important to reduce 

mastectomy flap necrosis and potentially subsequent implant loss.  Reported rates of flap necrosis are 

as high as 25% and account for up to 40% of implant-based reconstruction failures (214). In order for 

ADMs to integrate and remodel with the mastectomy skin flaps an adequate blood supply is needed 

(215). Idiopathic erythema can occur termed “red breast syndrome”, which can be mistaken for 

infection, leading to unnecessary treatment.  The aetiology is unknown but foreign body reaction, 

hypersensitivity reaction, reaction to chemicals and processing techniques have been suggested (216-

218).  In-vitro, chemically cross-linked ADMs induce inflammatory cells (219, 220).        
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Table 7 ADMs available in the UK for use in breast surgery 

Product 

(Provider) 

Derivation Chemically  

Cross-linked 

Chemical  

preservatives 

Mode of  

sterilization 

Strattice™  

(LifeCell)  

Porcine dermis No Yes  

Polysorbate 20 

E-beam 

irradiation 

Artia™ 

(Life Cell) 

Porcine dermis No   

Braxon® & Native®  

(QuaMedical) 

Porcine dermis No No   

Cellis®  

(Meccellis Biotech) 

Porcine dermis   No   

MesoBioMatrix®  

(DSM) 

Porcine peritoneum No No  Ethylene oxide 

Biodesign®  

(Cook) 

Porcine small intestinal 

submucosa 

No   Ethylene oxide 

SurgiMend®  

(Integra) 

Bovine dermis No No Ethylene oxide 

Veritas®  

(Synovis) 

Bovine pericardium No Yes 

Sodium hydroxide 

Irradiated 

                                                                                                                                         

1.4.6 Clinical outcomes in immediate ADM-assisted implant based breast reconstruction 

Short-term outcomes 

Initial complication rates as high as 48.5% (221) with the use of ADM in breast reconstruction, in single 

centre case series, suggested a learning curve effect.  Complication rates in the first year (21.4%) were 

double that of subsequent years (10.9%) in a retrospective review of 331 consecutive single stage 

ADM-assisted implant based reconstructions (222).  Larger published series are limited by lack of 

control groups. The iBRA Study, a prospective, non-randomised, multicentre cohort study of 2108 

consecutive patients who underwent 2655 immediate implant based reconstructions found no 

difference in short term outcomes between submuscular and biological mesh assisted reconstructions 

in terms of re-operation, re-admission, infection and implant loss, figure 9 (205).  
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Figure 9 Results from the iBRA study, demonstrating no difference in outcomes between submuscular and ADM 
reconstructions (205) 

 

To date one American RCT comparing ADM-assisted implant/expander reconstruction and 

submuscular reconstruction has been published (67). However, this had to be prematurely closed due 

to poor recruitment.  The primary outcome was postoperative pain.  A total sample size of 98 was 

required to power the study to 90 per cent, in order to detect a two-point reduction in pain score in the 

ADM-assisted group.  A total of 70 were recruited, 36 to the ADM-assisted group and 34 to the traditional 

submuscular technique group.  No difference was found in levels of postoperative pain.  Adverse events 

were similar between both groups (Table 8).  The published interim analysis of safety, a secondary 

outcome, in a European open-label RCT comparing immediate single stage Strattice™-assisted (n=59, 

91 breasts) and two-stage submuscular reconstruction (n=62, 92 breasts) showed a significant 

difference in outcomes between the two groups (Table 8)(223).  High complications rates may be 

attributable to poor patient selection, lack of surgical quality assurance or the ‘learning curve effect’. 

 

Table 8 Adverse events in RCTs by McCarthy et al. (67) & Dikmans et al. (223) comparing ADM-assisted and 
submuscular reconstruction   

 ADM-assisted Traditional submuscular  

 McCarthy 

n=36 

Dikmans 

n=91 

McCarthy 

n=34 

Dikmans 

n=92 

Total complications 17% 46%** 15% 18%** 

Infection 8% 8% 3% 2% 

Haematoma 3% 3% 3% 2% 

Seroma 3% 0% 9% 2% 

Skin necrosis Not reported 12%* Not reported 1%* 

Unplanned explantation 3% 26%** 0% 4%** 

*p<0.05, **p<0.001 
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Six meta-analyses have been performed using the observational studies available (224-229) (Tables 9 

and 10). No significant increased risk of unplanned return to theatre in ADM use was found when 

combining data from 4 papers, relative risk 1.09 (95% CI 0.63-1.90) (229).  A definition of unplanned 

return to theatre was only given in one paper where it was for short term complications and excluded 

revision procedures.  

Long-term outcomes 

Implant malposition were found to be reduced with ADM use, using data from 2 papers, relative risk 

0.21 (95% CI 0.07-0.59) (229).  The follow-up period was not documented in one study and was a mean 

of 29 months in the other.  This highlights the lack of comparative long-term follow-up data available in 

the literature.  The studies included in the meta-analyses predominantly report on HADM use, which is 

common American practice. There is a paucity of data on the outcomes of xenographic ADMs, the 

current UK practice.  The retrospective nature, lack of definitions of outcomes, assessment by the 

operating surgeon or a non-blinded assessor reduces the quality and comparability of the data. 

 

Revision rates in direct to implant subpectoral HADM assisted reconstruction were comparable to those 

in two stage submuscular tissue expander reconstruction (20.86% vs. 20.28%) in a retrospective cohort 

study of 682 consecutive reconstructions, with a mean follow-up time of 5 years (range 2.5-8)(230)



 

------------------------------------------------------------Blank page------------------------------------------------------------
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Table 9 Pooled complication rates from meta-analyses of immediate ACM-assisted breast reconstruction (2 stage tissue expander (TE) or direct to implant (DTI)) ± a traditional 
submuscular technique  

  Newman et al. 2011 

(224) 

Kim et al. 2012 (225) Hoppe et al. 2011 

(226) 

Ho et al. 2012 (227) Zhao et al. 2015 

(228) 

Lee et al. 2016 (229) 

Inclusion 

criteria 

HADM  

2 stage TE or DTI 

reconstruction 

  

  

 

 

 

 

Up to July 2009  

HADM 

2 stage TE or DTI 

reconstruction 

or traditional 

submuscular 

technique                               

 

 

 

Jan 2000-Feb 2011 

HADM (AlloDerm) 

2 stage TE or DTI 

reconstruction 

with a traditional 

submuscular 

technique control 

group                    

 

 

Up to Feb 2011 

ACM  

2 stage TE or DTI 

reconstruction 

with or without a 

traditional 

submuscular 

technique control 

group  

 

1966-Sept 2010 

ACM  

2 stage TE or DTI 

reconstruction 

with a traditional 

submuscular 

technique control 

group   

  

 

Jan 2010 – Feb 2015 

ACM 

2 stage TE or DTI 

breast reconstruction 

with traditional 

submuscular 

technique control 

group  

  

 

Feb 2011 – Dec 2014 
 

Exclusion 

criteria 

Studies using 

xenografts                       

Studies using graft 

for cosmetic surgery 

Studies reporting less 

than 25 cases 

  

  

No comparison 

group 

Studies reporting less 

than 10 cases 

None recorded Single arm studies         

Animal studies                                                             

Studies reporting less 

than 10 cases 
 

No of included 

papers 

12 studies 

  

13 studies reporting 

HADM                                

29 studies reporting 

submuscular     

6 studies reporting 

both 

7 studies 11 studies reporting 

ACM 

5 studies reporting 

both ACM and 

submuscular    

11 studies 23 studies 

  ACM No ACM ACM No ACM ACM No ACM ACM No ACM ACM No ACM ACM No ACM 

No. of breasts 789 N/A 2037 12847 N/A N/A N/A N/A 1684 1149 N/A N/A 
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Total 

complications 

% 

12 N/A 15.4 14.0 N/A N/A N/A N/A 22.9 20.5 22.7 20.3 

Seroma % 3.3 N/A 4.8 3.5 9.4 2.0 6.9 N/A 5.0 3.3 7.7 4.5 

Infection % 5.6 N/A 5.3 4.7 12.2 2.1 5.7 N/A 9.2 8.0 9.8 7.1 

Flap necrosis % 3.3 N/A 6.9 4.9 N/A N/A 10.9 N/A N/A N/A 10.5 6.9 

Haematoma % N/A N/A 1.0 1.5 1.4 0.8 1.3 N/A N/A N/A N/A N/A 

Reconstructive 

failure % 

N/A N/A 3.8 3.8 6.0 2.2 5.1 N/A 7.2 8.4 6.5 6.2 

Capsular 

contracture % 

N/A N/A N/A N/A N/A N/A 0.58 N/A N/A N/A 4.9 21.2 

N/A=not reported 

 

 

 

 

 

 

 

 

 

 

 

Table 10 Relative risks for complications in ACM-assisted versus submuscular breast reconstruction 
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Complications Hoppe et al. 2011 (226) Kim et al. 2012 (225) Ho et al. 2012 (227) Zhao et al. 2015 (228) Lee et al. 2016 (229) 

  No. of 

studies 

OR 

(95% CI) 

No. of 

studies 

RR  

(95% CI) 

No. of 

studies 

OR 

(95% CI) 

No. of 

studies 

OR  

(95% CI) 

No. of 

studies 

RR  

(95% CI) 

Total 

complications 

N/A N/A 6 2.05(1.55-2.70) N/A N/A 8 1.33(1.03-1.70) 12 1.08(0.87-1.34) 

Infection 7 2.33(1.55-3.49) 6 2.47(1.71-3.57) 4 3.52(2.00-6.19) 9 1.47(1.04-2.06) 17 1.42(1.02-1.99) 

Seroma 6 3.00(1.96-4.61) 6 2.73(1.67-4.46) 4 3.89(2.44-6.21) 8 1.66(1.13-2.44) 17 1.41(1.12-1.78) 

Flap necrosis N/A N/A 4 1.56(0.85-2.85) 2 3.15(1.79-5.55) N/A N/A 14 1.44(1.11-1.87) 

Implant loss 7 2.41(1.59-3.64) 5 2.80(1.76-4.45) 4 4.00(2.33-6.88) 7 1.37(0.89-2.11) 16 1.00(0.68-1.48) 

N/A = not reported  
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Comparison of outcomes between different ADMs 

There are no studies directly comparing one ADM versus another, however there are reports on 

outcomes using a specific ADM. Exploratory analysis from the iBRA study, a non-randomised multi-

centre prospective cohort study (n=2655 immediate implant based reconstructions), showed no 

association between the 14 different biological xenografts and synthetic meshes used and short-term 

outcomes (205). 

 

1.4.7 Aesthetic outcomes in ADM-assisted immediate implant-based reconstruction               

There are currently four published studies (63, 77, 206, 231, 232) comparing the aesthetic outcomes of 

ADM assisted versus submuscular breast reconstruction.  They are all retrospective reviews of 

photographs by a blinded panel of assessors, ranging from consultants to lay people.  Photographs 

were taken a minimum of 90 days (232) or 12 months (63), at a mean of 1.7 years (231) and an unknown 

time (206), from the final reconstruction. Each used a different ‘established’ scale, highlighting the 

absence of a standardized tool.  Overall improved aesthetic outcomes were found with the use of ADMs.  

Aesthetic outcome deteriorates with time in immediate implant based reconstruction (without the use of 

ADM) as demonstrated in a study of 364 patients (Figure 10).  An acceptable cosmetic result was found 

in 86% of cases at 24 months compared to 54% at 60 months (233). There are no studies quantifying 

changes in aesthetic outcome over time in ADM-assisted breast reconstruction.  Although capsular 

contracture plays a role in aesthetic outcome, it is not assessed in combination or correlated with the 

aesthetic outcome in the four studies. One study used a patient phone survey (77) however did not 

demonstrate any difference between the two groups in patient reported satisfaction with aesthetic 

outcome.  

 

        

Figure 10 The actuarial percentage of acceptable cosmetic outcome in a study of 364 patients, who underwent 
implant based breast reconstruction, assessed by a surgeon and two independent assessors (233).  
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1.4.8 Patient reported outcomes in ADM-assisted immediate implant-based breast 

reconstruction 

There has been 1 RCT (67) comparing patient reported outcomes (PROs) using the BREAST-Q 

Physical Well-Being: Chest and Upper Body scale pre-operatively, immediately post-operatively, during 

the expansion phase and before the expander-implant exchange in two-stage expander/implant 

reconstruction, with (n=36) and without the use of ADMs (n=33). This found no difference between the 

two groups. The study closed early only recruiting 66% of the target.  A retrospective comparative study 

did not report any significant differences in patient satisfaction between ADM-assisted and submuscular 

coverage in a telephone survey based on a previously validated questionnaire (66, 77). With patient 

numbers of only 16 and 18 respectively and a significant difference in time from the procedure to the 

telephone call between the two groups (10.2 vs. 20.7 months), reduces the quality of the data.  It was 

not stated who made the telephone call, a factor which may introduce bias.  A further comparative study 

with 31 ADM-assisted and 45 submuscular reconstructions, using Breast Q at one year showed no 

significant difference between patient satisfaction, psychological or physical well-being.  Three case 

series (64, 65, 76) focusing on PROs concluded there is high satisfaction with ADM use. Unfortunately, 

the mean time from surgery to the reporting of the outcomes is short (6 weeks to 22 months) and the 

groups were small (16-67).  Only two studies assessed PROs at more than one time point (65, 67).  No 

significant difference in physical well-being scores at any of the time points up to complete expansion 

was found in one study (67). However in the other, Breast Q scores increased i.e. an improvement, 

between the two and six month time points, at which point they had returned to the pre-operative values 

in all domains except physical well-being (65).  In nine studies comparing PROs in implant only 

reconstruction with autologous (71, 73, 79-84, 234); lower satisfaction was found in the tissue 

expansion/implant group.  Despite varied patient satisfaction between reconstructive type, patients 

would still choose the same form of reconstruction again and recommend that type to a friend (79).  

There are no studies comparing ADM assisted reconstruction with autologous reconstruction published 

in the literature.  Anecdotal evidence suggests other factors such as bigger breast size post-operatively 

compared to pre-operatively (72) and bilateral reconstruction (82) can improve PROs.   

1.4.9 Current clinical trials in ADM-assisted breast reconstruction 

A multi-centre randomised controlled trial comparing HADM-assisted one stage implant based 

reconstruction and two stage expander/implant reconstructions is on-going in Canada (MCCAT) (235).  

The primary outcome is to assess the mean change in patient satisfaction and quality of life using 

BREAST-Q between the two groups from baseline to 12 months post reconstruction.  Secondary 

outcomes are change in BREAST-Q score over time, short and long-term complication rates, aesthetic 

outcomes and cost-effectiveness of using HADM.  Despite aiming to assess long-term aesthetic 

outcomes and complication rates it is only performing the assessments up to 12 months.  The 

complications data is being collected by the investigating surgeon at the postoperative clinic visits, 

introducing bias.  However, the aesthetic result will be evaluated by a panel of three independent 

blinded observers.  A European RCT has ended recruitment early due to increase complications in one 

group. They are comparing ADM-assisted one stage implant based reconstruction and total 

submuscular expander/implant based reconstruction using Strattice™, a porcine derived ADM (236).  
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This is more commonly used in the UK and will hopefully provide more relevant results to our population.  

Their primary outcome is number of unplanned surgeries and total number of surgeries.  Secondary 

outcomes include aesthetic outcome, complications, quality of life, cost-benefit analysis and breast 

sensation.  Follow-up is longer, continuing to 24 and 36 months but again a relatively short time period 

from initial reconstruction to gain a good understanding of any long-term benefits compared to traditional 

methods.  

 

1.5 Capsular contracture in implant-based breast reconstruction with acellular 

dermal matrices                                                                                                                             

Implant based breast reconstruction is currently the commonest form of reconstruction performed (21).  

The major long-term problem with implant-based surgery is capsular contracture, requiring further 

procedures to correct.  There is a recognised need to develop techniques or technologies to minimise 

this.  As anecdotal clinical evidence suggested that ADMs are associated with reduced rates of capsular 

contracture (207), and minimal capsule formation around the tissue expander and AlloDerm® interface 

had been witnessed at exchange (237), ADMs are proposed as a preventative measure and are being 

increasingly used in implant based reconstruction and augmentation (203, 204, 238). The exact 

mechanism behind this is unclear. One theory is ADMs are closer in composition to a patient’s own 

tissue compared to the implant shell, which initiates a foreign body response when implanted; by 

forming a barrier between the implant and patient’s natural tissues the ADM may inhibit the foreign body 

reaction which plays a major role in the pathogenesis of capsular contracture. Another possibility is that 

the topographical features of ADM positively influence the initial cell response in the foreign body 

reaction reducing the severity of the reaction and therefore the fibrous capsule formation.    

1.5.1 Histological findings in studies investigating capsular contracture in ADM-assisted breast 

reconstruction                                                                                    

In-vitro Studies                            

Preliminary studies seeding macrophages on to wound ADMs have demonstrated that biomaterials 

influence the microenvironment to affect macrophage phenotype (239).  Macrophages play a key role 

in the foreign body response and switch from a pro-inflammatory to anti-inflammatory phenotype during 

the later stages of repair after injury.  The down regulation of M2a phenotype macrophage and up 

regulation of M2c was demonstrated with xenogenic and human ADMs respectively, which could 

suppress fibrosis (239).  Human acellular dermal matrices can affect the levels of inflammatory cytokine 

and endothelial growth factor expression from macrophages which can impact on the inflammatory 

response, integration of these products and appropriate wound healing (219).  Dysregulation of cellular 

expression can result in an excessive inflammatory response which can lead to excessive scarring.  

Expression levels of cytokines (IL-1β, IL-6, IL-8 and VEGF) known to have important functions 

necessary for proper wound healing were used as markers of macrophage activation when seeded 

onto human ADMs and a biological mesh.  Expression levels varied between products in-vitro but were 

not correlated with in-vivo performance (219).   
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Chemically cross-linked porcine acellular collagen matrices induced significantly higher inflammatory 

cytokines compared to non-cross-linked ADMs (240).  They also induced a pro-inflammatory 

macrophage phenotype which can result in chronic inflammation and fibrosis compared to the non-

cross-linked which induced an anti-inflammatory phenotype (220).  There are no breast specific in-vitro 

studies involving ADMs.  Kyle et al. produced biomimetic silicone surfaces, replicating micro and 

nanoscale features of ADM and studied the effects these have on breast derived fibroblasts compared 

to commercially available silicone implant surfaces. The ADM surface significantly promoted cell 

adhesion, proliferation and survival as well as inducing a significantly reduced inflammatory cytokine 

response and down regulation of pro-inflammatory/pro-fibrotic genes (IL8, TNFα, TGFß1 and 

HSP60)(120). 

In-vivo Studies                                                                                                                                      

In animal models significantly thinner capsules with less myofibroblasts are seen around implants 

covered with AlloDerm® (human acellular dermal matrix) (237, 241) and Strattice™ (242) compared to 

bare implants, explanted at 10-12 weeks. Reduced inflammation and proliferation rate was also seen 

when ADM was used (242).  Although analysis was carried out in a blinded manner, these studies were 

largely exploratory with no justification of sample size (four to ten) and at very short time points since 

implantation.                                                                                                                                  

Clinical Studies 

Four clinical studies taking biopsies at the time of tissue expander (TE) exchange, at and away from 

the ADM interface, showed significant differences in capsule composition (215, 243-245)(Table 11).  

The capsule was also significantly thicker in areas where the expander was in direct contact with the 

pectoralis muscle (246).  The comparative studies have all taken biopsies at tissue expander exchange, 

on average 4-8 months from insertion, a short period from implantation of ADM.  Including patients who 

are undergoing revision surgery which can occur over a more varied time period may give a longitudinal 

view of capsule composition and assess whether there is a sustained difference and reduction in 

inflammatory response between the two capsules.  Biopsies from the ADM capsule in a study without 

a control group, showed minimal immune cell response (247).  A further two studies have compared 

ADM and subpectoral capsules with and without irradiation showing lower levels of markers of 

inflammation, fibrosis and vascularity in the ADM capsule with and without irradiation compared to the 

subpectoral capsules (153, 248). Both studies also found no difference between the ADM capsules in 

the irradiated and non-irradiated groups. Expression of TGF-ß1 and PDGF-B was found to be 

decreased in ADM capsules compared to submuscular capsules in irradiated breasts but no difference 

in non-irradiated (153). Kyle et al. demonstrated several inflammatory and fibrotic genes that are 

significantly dysregulated in contracted compared to non-contracted breast capsules and fibroblasts 

however there are no further studies looking at gene expression in capsules where ADMs have been 

used (132, 134). 
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Table 11 Summary of studies comparing capsules at and away from the ADM-tissue interface  
Basu et al. 

(178) Leong et 

al. (187) 

Gaster et al. 

(190) 

Yu et al. (189) Chopra et al. 

(191) 

Number of patients 20 12 15 10 

Number of capsules 20 17 24 19 

Type of collagen matrix Human dermis Bovine dermis Human dermis Human dermis 

Average time after 

tissue expander 

insertion (range) 

4.4 months 

(2-10) 

7.8 months 

(2-23) 

5.6 months 

(3-13) 

5 months 

(4-6) 

Markers of inflammation Decreased in 

ACM capsule** 

ACM capsule 

acellular vs. 

highly cellular 

native capsule 

No other 

comparisons 

made 

Decreased in 

ACM capsule** 

Decreased in 

ACM capsule** 

Markers of fibrosis Decreased in 

ACM capsule** 

Decreased in 

ACM capsule 

Not analysed 

Markers of vascular 

proliferation 

Decreased in 

ACM capsule** 

Decreased in 

ACM capsule 

Not analysed 

**statistically significant p<0.005 

 

1.5.2 Clinical findings in studies investigating capsular contracture in ADM-assisted breast 

reconstruction                                                                                    

A two institution, two surgeon, case series of over 1500 direct to implant ADM-assisted reconstructions, 

with mean follow-up 4.7 years, found only 12 reconstructions developed capsular contracture (0.8%), 

all occurring within the first two years post reconstruction (249).  Capsular contracture was detected by 

the operating surgeon at the patient’s routine follow-up appointment.  Despite no control arm, it has a 

large number and the longest follow-up period for a case series, although there is clear potential for 

bias in the study design.  This case series may support the theory that ADMs truly do reduce the 

incidence of capsular contracture as oppose to delay its occurrence (244, 249), however further long-

term follow-up studies are needed to strengthen this theory. 

 

The most up to date meta-analysis (229) included only two arm studies from 2011 onward in an aim to 

refute previous claims of poor outcomes with the early use of ADMs, shown in previous meta-analyses 

(225-227).  This has been the only meta-analysis to include capsular contracture as an outcome.  There 

was 25% less capsular contracture with ADM when compared with submuscular technique.  
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Figure 11 Forest plot estimating the pooled relative risks for capsular contracture in a meta-analysis of two arm 
studies comparing ADM-assisted breast reconstruction and traditional submuscular technique (229)   

 

Only two studies (63, 206) out of the 23 were suitable to be included for combined analysis for rate of 

capsular contracture, confirming the lack of evidence detailing this complication.  Forsberg et al. (63) 

retrospectively evaluated consecutive patients who underwent both immediate and delayed breast 

reconstruction with (n=53) and without ADM (n=125) over a four year period with a minimum follow-up 

of 1 year, a relatively short time period to pick up cases of capsular contracture.  Capsular contracture 

(grade III or IV) occurred significantly less in the ADM group (8.1% vs. 23.5%, p=0.048).  The ADM 

group had a significantly shorter mean follow-up period than the total submuscular coverage group, 

24.6 months compared to 33.8 months.  The procedures were performed in a single centre, by four 

different surgeons however there was no significant difference between them in the frequency of each 

procedure performed.  There was no clarification of who received which type of reconstruction and why; 

it was likely patient and surgeon choice.  This was a chart review therefore it is assumed follow-up was 

carried out by the operating surgeon, which can introduce bias.  Capsular contracture was assessed 

using Baker grade, however, detection of it in the study will depend on whether it was documented 

during each visit.  Given the retrospective nature follow-up is likely to be incomplete.  Vardanian et al. 

again performed a single centre, retrospective review, although it is unclear as to how many surgeons 

were involved (206).  There were greater numbers undergoing ADM-assisted reconstruction (208 vs. 

129) in this cohort and only immediate reconstructions were included.  The operating surgeon assessed 

for capsular contracture using Baker grade, again relying on their documentation of it being present at 

the follow-up visit.  Capsular contracture occurred significantly less in the ADM group (3.8% vs. 19.4%, 

p<0.001).  The assessments were at routine follow-up visits, not at planned time points specific to the 

study.  The mean follow-up was 29 months; however, the different procedures were performed during 

two different time points (submuscular coverage 2000-2004, ADM-assisted 2004-2008), suggesting the 

ADM group follow-up may have been shorter.  
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1.6 Conclusions 

Although there are identified risk factors, the exact mechanisms behind capsular contracture following 

breast reconstruction is unknown.  The pain, disfigurement and need for repeated operations cause 

physical and psychological distress.  In an era of increasing survivorship and increase in implant-based 

reconstruction, there is a need for improved technologies and techniques to prevent capsular 

contracture. Initial studies conclude that ADMs are associated with capsules containing reduced 

markers of inflammation and fibrosis and lower rates of clinically detected capsular contracture.  

Although they appear to be associated with an increase in short term morbidity this may be outweighed 

by the potential reduction in long-term morbidity and improvement in quality of life and cosmesis.  There 

is a significant lack of high quality evidence when comparing outcomes in implant only versus ADM-

assisted breast reconstruction but a randomised control trial to compare long-term outcomes would 

take many years to complete.  As many surgeons and patients have come to the conclusion, despite 

the controversial evidence available, that ADM assisted reconstruction is preferential the uptake to such 

a trial may be poor.  The majority of publications are reporting outcomes derived from ADM use in the 

USA where they largely use human derived ADMs consequently it may not be transferable or assumed 

to be relevant to a UK population where only xenogenic ADMs are available. Therefore, there is a need 

for high quality data based on the UK practice and population.    

 

1.7 Hypotheses 

ADM-assisted implant-based breast reconstruction has reduced incidence of capsular contracture, 

improved PROs and improved aesthetic outcomes compared to implant only breast reconstruction 

 

The implant capsule at the ADM-tissue interface has a reduced inflammatory response compared to 

the implant capsule deep to the pectoralis muscle   

 

1.8 Aims 

1.8.1 Retrospective clinical cohort study 

In a retrospective multicentre cohort study, comparing patients who have undergone immediate ADM-

assisted implant-based breast reconstruction with Strattice™ to those who have undergone implant 

only breast reconstruction with a submuscular technique, the aims are to:  

a. Identify the incidence of capsular contracture using Baker grade and tissue tonometry 

b. Identify risk factors for capsular contracture 

c. Identify the rates of revision surgery  

d. Assess patient reported outcome measures (PROMs) using the BreastQ  

e. Assess aethetic outcome using photographs and a blinded panel of assessors 
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1.8.2 Prospective tissue biopsy study 

In patients undergoing revision surgery after ADM-assisted subpectoral implant-based breast 

reconstruction, the aims are to: 

a. Compare the capsule composition at the ADM-tissue interface with the capsule deep 

to the pectoralis muscle 

b. Assess whether the presence of ADM reduces levels of inflammatory biomarkers 

involved in fibrosis within the implant capsule at the ADM-tissue interface compared to 

the capsule deep to pectoralis muscle 
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2. Methods 

2.1 Breast Reconstruction With and without StratticE (BROWSE)  

A multi-centre, retrospective cohort study comparing patients who underwent immediate Strattice-

assisted breast reconstruction with a submuscular technique. 

2.1.1 Retrospective study – comparing short and long-term clinical outcomes in Strattice™-

assisted and submuscular reconstructions 

Identification of patients 

Participants were identified from the operating theatre electronic database and theatre and implant 

insertion log books that prospectively record every breast implant placed within a hospital. This was 

then cross referenced with coding, consultant operating logbooks and prospective databases of 

reconstructions. 

  

Consecutive patients who underwent immediate implant based breast reconstruction with a Strattice™-

assisted or submuscular technique between 1st January 2009 and 31st December 2015 at either 

Wythenshawe Hospital (MFT) in Manchester, Royal Victoria Infirmary (RVI) in Newcastle or Bradford 

Royal Infirmary (BRI) were included. 

Data collection  

A retrospective case note review was performed. Clinic letters, MDT outcomes, operation notes, 

anaesthetic charts, admission pathways, nursing notes, histology and radiology reports and all 

handwritten clinical documentation were reviewed. Data was collected on a case report form (Appendix 

7.3) including patient demographics, operative technique, adjuvant treatment, post-operative 

complications and further surgery.  

Definitions 

The following definitions were used when compiling the data.  They were adapted from the definitions 

used in the iBRA study, a UK multicentre prospective cohort study of implant based breast 

reconstruction to allow for a more meaningful comparison (250). 

 

Suspected infection – clinical signs within the breast; hot, erythema, swelling, purulent discharge 

and/or systemic signs e.g. fever 

 Minor – requiring oral antibiotics only 

 Major 1 – requiring admission for IV antibiotics 

 Major 2 – requiring surgical drainage/debridement 

Wound dehiscence – separation of the skin edges at the wound site 

 Minor – treated conservatively or with a minor procedure in clinic 

 Major – requiring return to theatre for re-suturing under general anaesthetic 

Seroma – a collection of serous fluid under the wound/around the implant which, if symptomatic may 

require draining through needle aspiration 
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Haematoma – collection of blood beneath the incision/around the implant 

Unplanned explantation – implant removal due to infection/wound problems, cosmesis or other 

reasons that was not part of the initial planned reconstructive procedure.  It may or may not have been 

replaced. 

Planned further surgery – surgery that was planned as part of the overall reconstructive procedure 

e.g. TE to definitive implant, nipple reconstruction, port removal or contralateral surgery 

Unplanned further surgery – surgery that is required due to a complication of or problem with the 

initially performed reconstruction.  Whether emergency or elective, it was not an anticipated step of the 

overall reconstructive procedure. 

Long-term complications requiring revision surgery 

Data was captured from retrospective notes on the reasons for further surgery therefore definitions 

were not created specifically for this study. The reasons for revision surgery collected for the purpose 

of this study were; capsular contracture, malposition, asymmetry, rupture, contour defects, rippling, 

animation, patient request to change style or size and other.  These are all classified as major 

complications due to the need for surgical intervention. Given the retrospective nature of the study it is 

not possible to ascertain from the hospital records the rate or severity of minor complications.  

Statistical methodology 

Chi-squared or Fisher’s exact test was used to compare nominal variables. Independent samples t-test 

and Mann-Whitney U test was used to assess the difference in means of the continuous variables. 

Statistical tests were performed using SPSS 22.0 for windows (SPSS Inc, Chicago, Illinois, USA).   
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2.1.2 Clinical cohort Study - assessing rates of capsular contracture, aesthetic and patient 

reported outcomes in Strattice™-assisted and submuscular reconstructions 

Approvals 

The study was reviewed by North West Research Ethics Committee (16/NW/0082) and favourable 

opinion given on 4th April 2016. Due to a change in policy a request was submitted to bring the study 

under Health Research Authority (HRA) approval and this was given on 4th August 2016. 

Funding 

This study was funded by Allergan plc but they played no role in the conduct of the study or analysis 

of the results. 

Inclusion and exclusion criteria 

Female patients 18 years or older, who had undergone immediate implant-based reconstruction with 

or without Strattice™ from January 2009 to December 2015 with a minimum of six months follow-up 

who understood written English and were able to give consent.  Exclusion criteria include any dermal 

sling, autologous or delayed reconstruction.  

Primary Outcome 

Incidence of capsular contracture, measured at a single time point in the follow-up period when the 

patient attended for clinical examination. Defined as a Baker III or IV capsule (164). 

Secondary Outcomes 

Quality of life assessed using the BREAST-Q at a single time point in the follow-up period. 

Aesthetic assessment by a blinded panel of three assessors using three view photographs taken at a 

single time-point during the follow-up  

Recruitment 

Participants identified for the retrospective study were confirmed as eligible for this study if they were 

alive with an implant-based reconstruction and were invited to participate via post. (Appendix 7.1 and 

7.2) (Figure 12) 
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Patients who underwent immediate implant-

based breast reconstruction identified from 

theatre database, theatre books and implant 

logs. 

Patients who underwent Strattice™-assisted or 

submuscular reconstructions were identified 

Dermal sling +/- Strattice™ were excluded 

 

Those who died or had explantation and no 

further implant-based reconstruction were 

excluded 

 

The first invitation letter containing the PIS is 

sent out to the patient 

Those that respond 

“interested” are 

contacted via telephone 

(or post if no telephone 

number is available) to 

check understanding, 

answer any questions 

and book for a clinic 

Those who respond “not 

interested” are not 

contacted further 

Those who respond “not 

interested” are not 

contacted further 

Those who do not 

respond are not 

contacted further 

Those that respond 

“interested” are 

contacted via telephone 

(or post if no telephone 

number is available) to 

check understanding, 

answer any questions 

and book for a clinic 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

      

                                                                                                                                                                          

 

 

 

 

 
 
 
 
Figure 12 Recruitment pathway for BROWSE Study 

Those that do not 

respond have a second 

invitation letter containing 

PIS sent out 2 months 

after the first 
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Assessment of capsular contracture 

Patients attended a clinic appointment to consent to the study and for standard breast examination and 

tonometry measurements performed by lead researcher, Rebecca Wilson (RW). 

Baker grade 

RW graded each breast. Participants were also asked to grade their breasts using the classification 

below 

I  The breast is normally soft and looks natural 

II  The breast is a little firm but looks normal 

III  The breast is firm and looks abnormal 

IV  The breast is hard, painful and looks abnormal 

Tonometry 

Tonometry was performed in each quadrant of the breast using the Flinders Tissue Tonometer model 

BME1428 (manufactured by Flinders Medical Centre, South Australia), figure 13a.  The device provides 

a constant force via a 200g weight, exerting a pressure of 29.6 kg/cm2 at the end of the 1mm diameter 

plunger. The device is held perpendicular to the breast (Figure 13b), ensuring the bubble is within the 

circle (Figure 13c) then placed on the breast and a reading (0-10) is taken from the dial. An average 

score per breast was calculated using the four quadrant readings. 

 

a. 
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b.                                                                                 c. 

 

 

 

 

 

 

 

 

 

 

 
 
Figure 13a-c Flinders Tissue tonometer 

 

Evaluation of aesthetic outcome 

Participants attended medical illustration department for photographs following the study standard 

operating procedure (Appendix 7.4). This was designed so that all participants were photographed 

using a standard and reproducible technique so that photographs could be compared anonymously. 

The photographs were securely stored on a NHS level encrypted device until the end of the study then 

a PowerPoint presentation containing the three views (front, left and right lateral) of all participants to 

be rated was created. The photographs were randomly assigned in order of study number. Internal 

controls were placed within the presentation to assess intra-operator reliability. Independent panel 

members were chosen who had no prior knowledge of the study. The blind panel consisted of a breast 

surgeon, breast care nurse and lay person. They were trained on the use of the PowerPoint program 

and the scoring scale, where a score of one to ten was given for overall satisfaction and score of one 

to five in each domain (Table 12) (Appendix 7.5).  
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Table 12 10-point scale used in the assessment of aesthetic outcomes after breast reconstruction by Visser et al. 
(62) 

Characteristic Scale 

Breast volume   

  

1 (very dissatisfied) ----------2----------3----------4---------- 5 (very satisfied) 
Breast shape 

Breast symmetry 

Breast scars 

Nipple/NAC 

General satisfaction 1 (extremely dissatisfied) --2--3--4--5--6--7--8--9--10 (extremely satisfied) 

 

Quality of Life 

Participants were given the Breast-Q: post-operative reconstruction module (Appendix 7.6) during the 

clinic visit. They were asked to fill this out in their own time, not in the presence of the researcher and 

return it in the envelope provided. 

Sample size and power calculation 

Using the average estimated rate of capsular contracture at six to ten years in submuscular 

reconstructions of 15% -25% (155, 160) and 6% (63, 206) in ADM-assisted reconstructions, the sample 

size required to have 80% power to detect a difference at the 2-sided 5% significance is 125 

reconstructions in the Strattice™-assisted group and 63 in the submuscular group, based on a chi-

squared test. 

Statistical methodology 

Chi-square or Fisher’s exact test was used to compare nominal variables. Independent samples t-test 

and Mann-Whitney U test was used to assess the difference in means of the continuous variables. 

Intraclass correlation coefficient was used to analyse reliability. Pearson’s correlation coefficient was 

used to assess association between variables. Statistical tests were performed using SPSS 22.0 for 

windows (SPSS Inc, Chicago, Illinois, USA).   
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2.2 Capsule Study – a comparison of capsule in patients undergoing 

subpectoral breast reconstruction with implant and porcine acellular dermal 

matrix  

A comparison of markers of fibrosis and inflammation, using histology and immunohistochemistry, 

present in implant capsules which were in contact with (ADM capsule) and away from (native capsule) 

Strattice™ after subpectoral Strattice™-assisted breast reconstruction. 

 

All laboratory work was performed by lead researcher (RW) unless otherwise specified e.g. where an 

automated machine was used, after appropriate training from other members of the Bayat Laboratory 

Group. RW was present for and taught aspects of the histopathological analysis performed by Dr Susan 

Pritchard.  

2.2.1 Approvals 

A regional ethics application was prepared and submitted in line with new HRA guidelines by lead 

researcher (RW).  The study was reviewed by North West Research Ethics Committee (16/NW/0373) 

and favourable opinion given on 14th June 2016, followed by HRA approval on 19th July 2016. Trust 

R&D approval was granted on 10th January 2017. 

2.2.2 Inclusion and exclusion criteria 

Patients 18 years or older, undergoing revision surgery following subpectoral Strattice™-assisted 

breast reconstruction capable of providing informed consent were eligible to participate in the study.  

Exclusion criteria included, patients undergoing revision surgery following any other type of breast 

reconstruction and patients with known active or chronic infections e.g. Hepatitis C, HIV. 

2.2.3 Patient recruitment 

Patients undergoing revision surgery after Strattice™-assisted breast reconstruction were identified 

from the Oncoplastic MDT and Surgeon theatre diaries at Wythenshawe Hospital.  They were 

approached by the clinical team and if interested given a participant information sheet (Appendix 7.6).  

RW followed-up interested patients with a telephone call and if they were willing, recruited them to the 

study. 

2.2.4 Clinical Assessment 

Prior to the revision surgery the participant was examined to assess Baker grade and tonometry was 

performed as previously described. Demographics and baseline clinical data was collected (Appendix 

7.8). 
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2.2.5 Sample collection 

During the revision procedure, the operating surgeon took four biopsies from two areas of the capsule 

using a 5mm punch biopsy, where this was not possible, a free hand biopsy was taken.  Two biopsies 

were taken from i) the inferior pole of the reconstruction, the site of previous Strattice™ placement and 

ii) the upper pole of the reconstruction, in an area away from the Strattice™ and deep to the pectoral 

muscle. These were immediately placed in to 10% neutral buffered formalin solution (Sigma Aldrich, 

UK) and RNA-later (Ambion, USA), one each per site and transported to the Institute of Inflammation 

and Repair at the University of Manchester where they were stored at 4ºC (formalin) and -80ºC (RNA-

later).  

2.2.6 Tissue preparation 

Tissue samples were fixed in 10% neutral buffered formalin solution (Sigma Aldrich, UK) for a minimum 

of 48 hours before being placed into labelled cassettes and processed by an automated tissue 

processor (Leica, UK).  The samples are sequentially submerged as follows: 

 

Step Solution Time (hrs:mins) 

1 70% alcohol 00:20 

2 70% alcohol 00:30 

3 90% alcohol 00:45 

4 90% alcohol 01:00 

5 100% alcohol 00:30 

6 100% alcohol 00:45 

7 100% alcohol 01:00 

8 xylene 00:20 

9 xylene 00:30 

10 xylene 00:40 

11 wax 01:10 

12 wax 01:10 

13 wax 01:10 

 

Cassettes were removed from the processor and placed on a paraffin embedding hot plate set at 60°C. 

Samples were removed from the cassettes and placed into a pre-heated wax block mould. Molten 

paraffin (Leica, UK) was poured over the tissue sample and left to set on a cold plate. 

The tissue blocks were removed from the mould.  They were cut into 5µm thick sections using a 

microtome (Leica, UK), placed in to a water bath set at 37°C and mounted on to pre-labelled, charged 

superfrost plus microscope slides (Thermo Scientific, USA).  The slides were left to dry overnight in a 

40°C oven then stored at room temperature in a slide box.  
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2.2.7 Haematoxylin and Eosin (H&E) staining 

H&E staining was performed on 24 breast capsules (12 ADM, 12 native) using an automated machine 

(Leica, UK).  The process was as follows: 

Step Solution Time (minutes) 

1 Xylene 2:00 

2 Xylene 2:00 

3 Ethanol 2:00 

4 Ethanol 1:00 

5 70% IMS 0:30 

6 Running water 1:00 

7 Haematoxylin 2:00 

8 Running water 1:00 

9 5% acetic acid 0:10 

10 Running water 1:00 

11 Scott’s tap water 0:30 

12 Running water 1:00 

13 Ethanol 1:00 

14 Alcoholic eosin 1:30 

15 Ethanol 1:30 

16 Ethanol 1:30 

17 Xylene 2:00 

18 Xylene 2:00 

2.2.8 Herovici staining 

Herovici staining was performed manually on 24 breast capsules (12 ADM, 12 native) following the 

process below, then mounted using Consul-Mount™ (Thermo Scientific, USA) 

Step Solution Time (minutes) 

1 Xylene 5:00 

2 Xylene 2:00 

3 100% Ethanol 2:00 

4 100% Ethanol 1:00 

5 70% Ethanol 1:00 

6 Tap water 1:00 

7 Staining solution* 4:00 

8 1% acetic water 2:00 

9 100% Ethanol 2:00 

10 100% Ethanol 1:00 

11 Xylene 2:00 

12 Xylene 2:00 

*Staining solution was made up from Van Gieson Solution (HTA254, Sigma Aldrich), Methyl blue 0.05%, 

glycerol and lithium carbonate 
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2.2.9 Elastin Van Gieson staining 

Elastin Van Gieson staining was performed manually on 24 breast capsules (12 ADM, 12 native) 

following the process below, then mounted using Consul-Mount™ (Thermo Scientific, USA) 

Step Solution Time (minutes) 

1 Xylene 5:00 

2 Xylene 2:00 

3 100% Ethanol 2:00 

4 100% Ethanol 1:00 

5 70% Ethanol 1:00 

6 Tap water 1:00 

7 Staining solution* 15:00 

8 Running tap water 1:00 

9 Differentiating solution** 1:00 

10 Running tap water 1:00 

11 Sodium thiosulphate solution 1:00 

12 Running tap water 1:00 

13 Van Gieson’s solution 5:00 

14 95% Ethanol 1:00 

15 95% Ethanol 1:00 

16 100% Ethanol 2:00 

17 100% Ethanol 1:00 

*Staining solution was made up from haematoxylin solution 5%, ferric chloride solution 10% and Lugol’s 

iodine solution 

**Differentiating solution was made up of ferric chloride 2% 

2.2.10 Immunohistochemistry staining 

Immunohistochemistry was performed on 24 breast capsules (12 ADM, 12 native) and 1 positive control 

using primary antibodies outlined in Table 13. 

Dewaxing, rehydration and antigen retrieval 

Immediately prior to staining the sections were dewaxed and rehydrated by passing the slides through 

the following: 

1. 100% xylene for 10 minutes x2 

2. 100% ethanol for 5 minutes x2 

3. 90% ethanol for 3 minutes 

4. 70% ethanol for 3 minutes 

5. Running water for 1 minute 

Heat mediated antigen retrieval was performed by heating the slides in a microwave for 20 minutes 

submerged in citrate buffer (pH 6.0) then leaving to cool for 40 minutes. The slides were then washed 

in de-ionized water. 
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Staining 

IHC staining was performed with the Novolink™ detection kit RE7150-CE (Lieca, UK), using the 

following protocol with 2x five minute TBS washes between each step: 

1. Peroxidase block for 5 minutes 

2. Protein block for 5 minutes  

3. Primary antibody overnight 

4. Post primary for 30 minutes 

5. Novalink polymer for 30 minutes 

6. DAB chromogen for 5 minutes 

7. Haematoxylin for 5 minutes 

The sections were dehydrated following the reverse of the dewaxing and rehydration protocol above 

then mounted using Consul-Mount™ (Thermo Scientific, USA)    

 

Table 13 Primary antibodies used in the IHC staining of breast capsules 

Primary 

Antibody 

Host Species Antibody 

details 

Retrieval Dilution Positive 

Control 

Collagen I Rabbit ab34710 

(ABCAM) 

Proteinase K 1:2000 Skin 

Collagen III Mouse ab6310 

(ABCAM) 

Proteinase K 1:2000 Skin 

α-SMA Mouse A5691 

(Sigma-

Aldrich) 

Proteinase K 1:40 Testes 

Fibronectin Rabbit ab2413 

(ABCAM) 

Proteinase K 1:1000 Kidney 

Staining validation and optimisation 

Each stain was tested at varying concentrations according to manufacturing guidelines and previous 

experience within the Bayat laboratory group. The test stains were analysed by an independent 

consultant histopathologist (Dr Miles Howe, Wythenshawe Hospital) to ensure the staining was 

successful within the capsule tissue and readable. Where necessary adjustment of intensities were 

made until optimum conditions were met. 
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2.2.11 Analysis 

Blinded analyses were performed by two independent histopathologists (Dr Rebecca McKerrell and Dr 

Susan Pritchard, senior consultant histopathologist, Wythenshawe Hospital) using light microscopy.  

 

Features analysed with H&E included;  

• Fibrosis - eosin (pink) stained stroma was scored on a scale on a scale of 0 (none), 1 (mild 

density -25%), 2 (moderate density >25% - 75%) and 3 (severe density - >75%), based on the 

density of fibrous compared to non-fibrous stroma such as fat. Thickness (mm) of the fibrosis 

was also measured 

• Inflammation - the presence of acute (neutrophils) or chronic (lymphocytes, eosinophils, 

macrophages and multinucleated giant cells) inflammatory cells was scored on a scale of 0 

(none), 1 (mild – few scattered inflammatory cells with space between each cell), 2 (moderate 

– increased numbers of inflammatory cells with some areas of densely packed inflammatory 

cells but adjacent areas of inflammation having space between the inflammatory cells) and 3 

(severe – densely packed inflammatory cells with little intervening stroma between cells)  

• Perivascular inflammation - presence of inflammatory cells surrounding blood vessels was also 

scored on a scale of 0 (none), 1 (mild – few scattered inflammatory cells with space between 

each cell), 2 (moderate – increased numbers of inflammatory cells with some areas of densely 

packed inflammatory cells but adjacent areas of inflammation having space between the 

inflammatory cells) and 3 (severe – densely packed inflammatory cells with little intervening 

stroma between cells) 

• Vascularity - blood vessels were identified as endothelial lined structures containing blood 

constituents (red blood cells with scattered white blood cells) and manually counted in the two 

most abundant areas at magnification x20 (0.75mm field diameter). A mean of the two counts 

was taken per capsule 

• Cellularity - Fibroblasts were identified by their classical spindle-like, slim, oval, elongated 

nuclear features and manually counted in the two most abundant areas at magnification x40 

(0.50mm field diameter). A mean of the two counts was taken per capsule 

• Synovial-like metaplasia 

 

The elastin van Gieson stain was semi-quantitatively analysed using a score of 0 (none), 1 (occasional 

elastin fibres with non-elastin stroma between the elastin fibres), 2 (scattered elastin fibres with non-

elastin stroma between the elastin fibres), 3 (increased amounts of elastin fibres with occasional areas 

of densely packed elastin fibres but moderate areas of non-elastin stroma between the elastin fibres), 

4 (densely packed elastin fibres with little non-elastin fibres between the elastin fibres).  
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For the IHC stains a scoring system was used to evaluate the intensity of the stain (0 (none), 1 (weak), 

2(moderate), 3 (strong)) and the distribution (0 (none), 1 (patchy), 2 (diffuse)) for Collagen I, Collagen 

III, and fibronectin. The numerical score was used for statistical analysis.  α-SMA was analysed using 

the percentage stained in the two most abundant areas at magnification x40 (0.50mm field diameter) 

and a mean was taken per capsule. 

 

There was 85% inter-rater agreement, where there had been disagreement in analysis further review 

was performed and a consensus taken.  

 

Herovici stain comparing the ratio of mature (collagen I) and immature collagen (collagen III) was 

analysed using Definiens Tissue Studio. A computer program which was manually pre-trained to detect 

regions of interest, distinguishing cells and sub cellular objects within these regions (Figure 14). Three 

samples per capsule were analysed and a mean taken. 

 

a.¶                                                                       b. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 14 Region of interest training in Definiens Tissue Studio® to identify mature collagen (red), immature 
collagen (blue), cytoplasm (yellow) a. region of interest detection b. specimen 

2.2.12 Sample size 

As this study was exploratory in nature a formal power calculation was not performed.  We aimed to 

recruit ten patients, to allow intra-patient comparison of ten areas of ADM capsule to ten areas of native 

capsule.  

2.2.13 Statistical methodology 

McNemar test was used to compare nominal variables. Paired t-test and Wilcoxon signed rank test was 

used to assess the difference in means of the continuous variables. Statistical tests were performed 

using SPSS 22.0 for windows (SPSS Inc, Chicago, Illinois, USA).  
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3. Results: Breast Reconstruction With and without StratticE 

(BROWSE) 

3.1 Retrospective study – comparing short and long-term clinical outcomes in 

Strattice™-assisted and submuscular reconstructions 

3.1.1 Summary of methods 

A retrospective case notes review of consecutive patients who underwent immediate implant based 

breast reconstruction with a Strattice™-assisted or submuscular technique between 1st January 2009 

and 31st December 2015 within three tertiary centres.  

3.1.2 Demographics of study group 

Data was collected for 585 patients across the three tertiary centres. Four patients were excluded due 

to insufficient data available. 394 patients underwent 553 Strattice™-assisted reconstructions (159 

bilateral cases) and 191 patients underwent 242 submuscular reconstructions (51 bilateral cases), five 

patients had one reconstruction of each type. The median age was 52 years (range 25 - 82) in the 

Strattice™-assisted group compared to 56 years (range 32-80) in the submuscular group (p<0.001). 

There was a significant number of younger patients and less smokers in the Strattice™-assisted group 

but no other significant difference in patient demographics and pre-operative risk factors (Table 14). 

The median follow up was five years and three months (range two years to nine years three months) in 

the Strattice™-assisted group and five years seven months (range 2 years to 8 years 11 months) in the 

submuscular group.   

3.1.3 Operative data 

Centre One performed the largest number of reconstructions, 361 (65.3%) Strattice™-assisted and 209 

(86.4%) submuscular reconstructions under the care of 12 surgeons. Centre Two had five surgeons 

however stopped using Strattice™ in December 2013 and Centre Three five surgeons, however one 

surgeon performed two thirds of the reconstructions (Figure 15). There was a significantly lower median 

mastectomy weight in the Strattice™-assisted group (p=0.0004) and as expected more simple 

mastectomies performed (p<0.0001) and tissue expanders used (p<0.0001) in the in the submuscular 

group but otherwise no significant differences in comparable surgical techniques between the groups 

(Table 15). In both groups 99% of patients received peri-operative antibiotics. In the Strattice™-assisted 

group 98% received a prophylactic course of post-operative antibiotics compared to 93% in the 

submuscular group. 
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Table 14 Patient demographics and pre-operative risk factors  

 

Strattice™-assisted 

n (%) 

n=394 

Submuscular 

n (%) 

n=191 

p value 

Age (years) <0.001* 

     <40 62 (15.7) 11 (5.8)  

     40-60 230 (58.4) 108 (56.5)  

     >61 102 (25.9) 72 (37.7)  

BMI (kg/m2) 0.4* 

     ≤17.9 4 (1.0) 6 (3.1)  

     18.0-24.9 231 (58.6) 108 (56.5)  

     25.0-29.9 115 (29.2) 46 (24.1)  

     30.0-34.9 30 (7.6) 24 (12.6)  

     ≥35.0 11 (2.8) 7 (3.7)  

     Unknown 3 (0.8) 0 (0)  

Smoking Status <0.01** 

     Smoker 56 (14.2) 46 (24.1)  

     Non-smoker 293 (74.3) 133 (69.6)  

     Ex-smoker 44 (11.2) 12 (6.3)  

     Unknown 1 (0.3) 0 (0)  

Diabetes 9 (2.3) 4 (2.1) 1** 

Previous chest wall 

radiotherapy 
16 (4.1) 11 (5.8) 0.36** 

 *analysis using T-Test 

**analysis using Fisher exact and Chi-Square  
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Figure 15 Number of Strattice™-assisted and submuscular reconstructions performed per centre 
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Table 15 Summary of operative data per breast 

 

 

Strattice™-assisted 

n (%) n=553 

Submuscular 

n (%) n=242 

Reason for surgery 

     Therapeutic 301 (54.4) 147 (60.7) 

          Invasive cancer    218 (39.4)    118 (48.8) 

          In situ carcinoma     83 (15.0)    29 (11.9) 

     Risk reduction 252 (45.6) 95 (39.3) 

Type of Mastectomy 

     Skin-sparing (nipple sacrificing) 424 (76.7) 164 (67.8) 

     Nipple-sparing 119 (21.5) 43 (17.8) 

    Simple 10 (1.8) 35 (14.4) 

Completion mastectomy 94 (17.0) 44 (18.2) 

Reconstructive Procedure 

     Strattice™ (sub pectoral) 527 (95.3) 0 

     Strattice™ (pre pectoral) 26 (4.7) 0 

     Total submuscular 0 199 (82.2) 

     Partial submuscular 0 37 (15.3) 

     Subcutaneous 0 6 (2.5) 

Incision 

     Horizontal 396 (71.6) 152 (62.8) 

     Vertical 39 (7.1) 26 (10.8) 

     Lateral 19 (3.4) 3 (1.2) 

     Wise pattern 14 (2.5) 37 (15.3) 

     IMF 64 (11.6) 20 (8.3) 

     Circumareolar 18 (3.3) 3 (1.2) 

     Other 3 (0.5) 1 (0.4) 

Median specimen weight (g) [range] 335 [56 – 1853] 1 390 [43 – 1897] 2 

Prosthesis 

     Tissue expander 74 (13.4) 203 (83.9) 

     Expander implant 96 (17.4) 20 (8.3) 

     Implant 383 (69.2) 19 (7.9) 

Axillary Procedure 

     Nil 274 (49.5) 101 (41.7) 

     Sentinel Node Biopsy 2243 (40.5) 1184 (48.8) 

     Axillary node sample 35 (0.5) 86 (3.3) 

     Axillary node clearance 527 (9.4) 388 (15.7) 
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122 not recorded 23 not recorded 366 were at the WLE or pre-reconstruction 416 were at the WLE or pre-

reconstruction 51 was at the WLE or pre-reconstruction   61 was post reconstruction 729 were at WLE, pre-

reconstruction or post-reconstruction 827 were at WLE, pre-reconstruction or post-reconstruction 

3.2.4 Post-operative data 

There were more T2 tumours (p=0.02) and N2 nodal disease (p=0.05) in the submuscular group but no 

further significant differences in tumour biology between the two groups (Table 16). 

 

Table 16 Tumour stage comparing Strattice™-assisted and submuscular reconstructions 

 Strattice™-assisted 

n (%) 

n=553 

Submuscular 

n (%) 

n=242 

p value* 

No pathology 234 (42.3) 89 (36.8) 0.14 

Tis 91 (16.5) 32 (13.2) 0.25 

T1 141 (25.5) 72 (29.8) 0.21 

T2 62 (11.2) 42 (9.9) 0.02 

T3 12 (2.2) 5 (2.1) 0.93 

N0 156 (28.2) 78 (32.2) 0.25 

N1 41 (7.4) 26 (10.7) 0.12 

N2 7 (1.3) 8 (3.3) 0.05 

N3 2 (0.36) 4 (1.7) 0.07 

N+ 6 (1.1) 2 (0.8) 1 

Nx 3 (0.5) 0 (0) 0.56 

Where a patient had undergone neo-adjuvant chemotherapy (n=22, Strattice™-assisted and n=7, submuscular) 

the pre-operative stage was taken.  

*Analysis using Fisher exact or Chi-Square 

 

In the Strattice™-assisted group, 316 (57.1%) reconstructions in 288 patients and 153 (63.2%) 

reconstructions in 150 patients in the submuscular group had malignancy identified on histology. More 

patients received Herceptin in the submuscular group (11.8% vs. 19.3%, p=0.04), otherwise there was 

no difference between the two groups in adjuvant therapy received (Table 17).  

 

In the Strattice™-assisted group eight (2.8%) patients had a delay to adjuvant treatment compared to 

five (3.3%) in the submuscular group. 
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Table 17 Adjuvant therapy received comparing patients who underwent either Strattice-assisted™ or submuscular 
reconstruction for the treatment of breast cancer  

 Strattice™-assisted 

n (%) 

n=288 

Submuscular 

n (%) 

n=150 

p value 

Chemotherapy 101 (35.1)* 65 (43.3)** 0.1 

Herceptin 34 (11.8) 29 (19.3) 0.04 

Endocrine 177 (61.5) 99 (66) 0.4 

Radiotherapy 43 (13.5)† 21 (13.7) †† 0.9 

*15 (5.2%) and **3 (2%) received chemotherapy after their WLE, before the reconstruction, †Number of 

reconstruction that received radiotherapy from a total of 316, one was for local recurrence during the follow-up 

period, †† number of reconstructions that received radiotherapy from a total of 153, one was for local recurrence 

during the follow-up period.  

3.1.5 Post-operative complications 

There was no significant difference in the total number of reconstructions that experienced post-

operative complications per group. Strattice™-assisted 36.9% (n=204) vs. submuscular 31.8% (n=77), 

p=0.17. However, more Strattice™-assisted reconstructions were treated for suspected infection and 

required surgical intervention for wound dehiscence (Table 18 and 19).   

Suspected Infection 

Suspected infection was recorded if there were any potential clinical signs of infection documented.  

The total number of reconstructions treated for suspected infection was significantly more in the 

Strattice™-assisted group (20.6% vs. 12.8%, p=0.009, Table 18). Red breast syndrome described in 

ADM-assisted reconstructions which mimics signs of infection was documented as the most likely cause 

of the symptoms in 2.2% (n=12) of the Strattice™-assisted reconstructions but antibiotics were also 

prescribed. Taking in to account these cases of likely red breast there would be no significant difference 

in rate of infection between the groups (p=0.06). 

 

In the Strattice™-assisted group 100 patients (25.4%) were treated for suspected infection of whom 36 

(36%) had risk factors (13 were smokers and 14 were recent ex-smokers, two were diabetic and 14 had 

very low or high BMI (7 patients had two risk factors)) whereas in the 294 patients who were not treated 

for suspected infection 101 (34.4%) patients had risk factors (p=0.77).   

In the submuscular group 30 (15.7%) patients were treated for suspected infection, of whom 19 (63.3%) 

had risk factors (nine were current smokers, one very recent ex-smoker, one diabetic and 11 had very 

low or high BMI (three patients had two risk factors)) whereas in the 161 patients not treated for 

suspected infection, 60 (37.3%) patients had risk factors (p=0.007). 
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Table 18 Rates of suspected infection by treatment type between Strattice™-assisted and submuscular 
reconstructions 

 Strattice™-assisted 

n (%) 

n=553 

Submuscular 

n (%) 

n=242 

p value 

Treated with oral antibiotics 66 (11.9)1 22 (9.1) 0.24 

Treated with IV antibiotics 16 (2.9) 3 (1.2) 0.21 

Required surgical intervention 30 (5.4) 6 (2.5) 0.07 

Total 114 (20.6) 31 (12.8) 0.009 

1 12 (2.2%) were documented as likely red breast/strattice reaction but given antibiotics in case of mild infection 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 16 Rates of suspected infection by treatment type between Strattice™-assisted and submuscular 
reconstructions per centre 

Wound dehiscence 

Wound dehiscence was recorded if any separation of the skin edges were documented whether 

intervention was required or not. More strattice™-assisted reconstructions experienced wound 

dehiscence compared to the submuscular reconstructions (Table 19).  There were five (0.9%) 

reconstructions in the Strattice™-assisted group and four (1.7%) in the submuscular group with 

documented mastectomy flap necrosis.  
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In the Strattice™-assisted group 79 patients (20.1%) were treated for wound dehiscence of whom 31 

(39.2%) had risk factors (15 were smokers and 8 were recent ex-smokers, two were diabetic and 12 

had very low or high BMI (6 patients had two risk factors)) whereas in the 315 patients who were not 

treated for wound dehiscence 106 (33.7%) patients had risk factors (p=0.35).   

In the submuscular group 24 (12.6%) patients were treated for wound dehiscence, of whom 15 (62.5%) 

had risk factors (11 were current smokers, one very recent ex-smoker, one diabetic and seven had very 

low or high BMI (five patients had two risk factors)) whereas in the 167 patients not treated for wound 

dehiscence, 63 (37.7%) patients had risk factors (p=0.02).   

 

Table 19 Rates of wound dehiscence by treatment type between Strattice™-assisted and submuscular 
reconstructions 

 Strattice™-assisted 

n (%) 

n=553 

Submuscular 

n (%) 

n=242 

p value 

Treated conservatively 31 (5.6) 19 (7.9) 0.23 

Required surgical intervention 59 (10.7) 6 (2.5) <0.001 

Total 90 (16.3) 25 (10.4) 0.03 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 17 Rates of wound dehiscence by treatment type between Strattice™-assisted and submuscular 
reconstructions per centre 
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Seroma 

The rates of seroma per reconstruction were equivalent between the two groups however significantly 

more seromas were aspirated in the submuscular group (Table 20). Of the reconstructions which had 

aspirations, three (5.4%) in the Strattice™-assisted group had explantation of the implant secondary to 

infection compared to five (11.4%) in the submuscular group.  

  

Table 20 Rates of seroma comparing Strattice™-assisted and submuscular reconstructions 

 Strattice™-assisted 

n (%) 

n=553 

Submuscular 

n (%) 

n=242 

p value 

Seroma present 129 (23.3) 67 (27.6) 0.19 

Seroma aspirated 56 (10.6) 44 (18.1) 0.002 

Seroma aspirated >1 22 (4.0) 20 (8.3) 0.13 

 

Return to theatre 

More Strattice™-assisted reconstructions required return to theatre to treat wound dehiscence 

compared to the submuscular group (Table 21) however this did not result in a higher rate of unplanned 

explantation. Of the 59 Strattice™-assisted reconstructions which required return to theatre to treat 

wound dehiscence, 32 (54.2%) had explantation of their implant compared to five (83.3%) of six in the 

submuscular group (p=0.22). Of the remaining 27 Strattice™-assisted reconstructions, eight had the 

implant exchanged for a tissue expander and two required a second procedure (Figure 18).  

 

Table 21 Reasons for return to theatre in the post-operative period comparing Strattice™-assisted and 
submuscular reconstructions 

 Strattice™-assisted 

n (%) 

n=553 

Submuscular 

n (%) 

n=242 

p value 

Haematoma 12 (2.2) 3 (1.2) 0.57 

Infection 30 (5.4) 6 (2.5) 0.07 

Wound dehiscence 59 (10.7) 6 (2.5) <0.001 

 

Readmission within 30 days 

In the Strattice™-assisted group 26 (6.6%) patients were re-admitted to hospital within 30 days 

compared to 18 (9.4%) in the submuscular group (p=0.12).  All but two in each group had problems 

directly related to the reconstruction.  The other reasons for admission were shortness of breath 

diagnosed with pulmonary embolus (n=1), shortness of breath with normal investigations (n=1), 

pyelonephritis (n=1) and vomiting (n=1). 
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Figure 18 Outcome after return to theatre per complication comparing Strattice™-assisted and submuscular reconstructions 
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3.1.6 Unplanned explantation 

This was classified as implant removal for any reason that was not part of the initial planned 

reconstructive procedure. 

Secondary to post-operative complications 

There was no difference in rate of unplanned explantation secondary to post-operative complications 

i.e. infection or wound dehiscence between Strattice™-assisted (47 of 553, 8.5%) and submuscular (13 

of 242, 5.4%) reconstructions (Table 22). In the Strattice™-assisted group 25 (51%) proceeded to 

further implant based reconstruction (five failed and had autologous reconstruction) and ten (20.4%) to 

autologous compared to two (15.4%) and three (23.1%) in the submuscular group. In the Strattice™-

assisted group 14 (28.6%) had no further reconstruction compared to eight (61.5%) in the submuscular 

(Figure 18). 

 

In the Strattice™-assisted group 41 patients (10.4%) underwent unplanned explantation secondary to 

post-operative complications of whom 26 (63.4%) had risk factors (12 were smokers and eight were 

recent ex-smokers, two were diabetic and nine had very low or high BMI (five patients had two risk 

factors)) whereas in the 353 patients who did not undergo unplanned explantation secondary to post-

operative complications 111 (31.4%) patients had risk factors (p=<0.001).   

In the submuscular group 10 (5.2%) patients underwent unplanned explantation secondary to post-

operative complications, of whom eight (80%) had risk factors (four were current smokers, two very 

recent ex-smokers, one diabetic and four had very low or high BMI (three patients had two risk factors)) 

whereas in the 181 patients who did not undergo unplanned explantation secondary to post-operative 

complications, 70 (38.7%) patients had risk factors (p=0.01).   

 

Table 22 Unplanned explantation rates between Strattice™-assisted and submuscular reconstructions 

 Strattice™-assisted 

n (%) 

n=553 

Submuscular 

n (%) 

n=242 

p value 
 

Infection 15 (2.7) 8 (3.3)  

Wound dehiscence 32 (5.8) 5 (2.1)  

Total 47 (8.5) 13 (5.4) 0.12 
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Figure 19 Unplanned explantation rates secondary to post-operative complications between Strattice™-assisted 
and submuscular reconstructions per centre 

 

Time to explantation secondary to post-operative complications 

Median time to explantation was 88 days (range 14-993 days) in the Strattice™-assisted group and 28 

days (range 13-225 days) in the submuscular group. Strattice™-assisted reconstructions had a higher 

explantation rate and the explantations occurred up to almost three years after the reconstruction (log 

rank test, p=0.04) (Figure 20). Implant loss at 3 months is 4.3% in the Strattice™-assisted 

reconstructions and 3.7% in the submuscular (Figure 21).   
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Figure 20 Kaplan Meier curve showing time to unplanned explantation secondary to infection or wound dehiscence 
following the primary procedure comparing Strattice™-assisted versus submuscular reconstruction 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
Figure 21 The time to unplanned explantation secondary to infection or wound dehiscence following the primary 
procedure comparing Strattice™-assisted and submuscular reconstructions 
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Other reasons for unplanned explantation 

We did not demonstrate a difference in the number of, or reason for, unplanned explantation between 

Strattice™-assisted and submuscular reconstructions (Table 23). 22 (4%) in the Strattice™-assisted 

group and 13 (5.4%) in the submuscular group (p=0.38) had an unplanned explantation for reasons 

other than post-operative complications. In the Strattice™-assisted group four (18.2%) had a second 

attempt at implant based reconstruction, 11 (50%) proceeded to autologous reconstruction and seven 

(31.8%) had no further reconstruction, compared to zero, eight (61.5%) and five (38.5%) in the 

submuscular group.  

 

Table 23 Reasons for other unplanned explantation in Strattice™-assisted and submuscular reconstructions  
Strattice™-assisted 

n (%) 

Submuscular 

n (%) 

p value 
 

Pain 0 1 0.3 

Radiotherapy damage 1 2 0.22 

Capsular contracture 6 6 0.14 

Patient preference 2 2 0.59 

Complication of further surgery 8 0 0.11 

Recurrence 4 0 0.32 

Symmetry 1 1 0.52 

Recurrent large seroma 0 1 0.3 

 

 

 

 

 

 

 

 

 

  



90 
 

Time to unplanned explantation for all reasons during follow-up period 

During the follow-up period a total of 69 (12.5%) Strattice™-assisted and 26 (10.7%) submuscular 

implants were explanted with no significant difference in the time to explantations (log rank test p=0.29) 

(Figure 22).   

 
Figure 22 Kaplan Meier curve showing time to unplanned explantation secondary to all causes (post-operative 
complications & other reasons) comparing Strattice™-assisted versus submuscular reconstruction 

3.1.7 Long-term revision rates 

For the purpose of this analysis reconstructions with less than 2 years follow-up from completion of the 

initial reconstructive procedure i.e. when the permanent implant was inserted were excluded (n=84). A 

further 37 patients (41 reconstructions) were excluded who lost their implant and either had no further 

reconstruction or had delayed autologous reconstruction. Data for 484 Strattice™-assisted 

reconstructions in 353 patients (131 bilateral cases) and 192 submuscular reconstructions in 149 

patients (43 bilateral cases) were analysed. Median follow-up was 4 year 3 months (range 2 years – 9 

years 3 months) in the Strattice™-assisted group and 5 years 7 months (range 2 years – 9 years 3 

months) in the submuscular group.  There were less smokers in the Strattice™-assisted group but no 

significant difference in pre-operative risk factors, including BMI, presence of diabetes or previous 

breast radiotherapy between the two groups.   
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There was no difference in the number of revisions performed between the two groups during the total 

follow-up period. 226 (46.7%) Strattice™-assisted reconstructions underwent revision surgery 

compared to 79 (41.1%) submuscular reconstructions (p=0.19). The revision rate per patient, is 45.3% 

in the Strattice™-assisted group and 40.3% in the submuscular group (p=0.3).  

 

Analysing only reconstructions with a minimum of five-year follow-up, the revision rate at five years was 

55.6% (95 of 171) in the Strattice™-assisted group and 43.3% (55 of 127) in the submuscular (p=0.04).  

 

90 (18.6%) reconstructions underwent more than one revision procedure in the Strattice™-assisted 

group compared to 32 (16.7%) in the submuscular group. 

 

Revision rates in those who had prior or adjuvant radiotherapy was 32.5% (n=14) in the Strattice™-

assisted group, 11.6% (n=5) for capsular contracture and 33.3% (n=5) in the submuscular group, 14.3% 

(n=3) for capsular contracture.  

Time to first revision surgery 

Time to first revision was calculated as time from completion of the initial reconstructive procedure i.e. 

when the permanent implant was inserted. Revisions in the Strattice™-assisted group were performed 

closer to the initial surgery. Median time to first revision surgery was 11 months (range 1 – 68 months) 

in the Strattice™-assisted group and 14 months (range 1 – 68 months) in the submuscular group 

(p<0.001).  
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Figure 23 Kaplan Meier curve showing time to first revision comparing Strattice™-assisted and submuscular 
reconstruction 
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Reasons for revision surgery 

There was a lower revision rate for capsular contracture in the Strattice™-assisted group (Table 24).  

 

Table 24 Reason for revision surgery comparing Strattice™-assisted and submuscular technique 

Reason for revision Strattice™-

assisted n(%) 

n=399* 

Submuscular 

n(%) 

n=141** 

p value 

Capsular contracture 21 (5.3) 22 (15.6) <0.001 

Malposition 24 (6) 5 (3.5) 0.26 

Asymmetry 111 (27.8) 42 (29.8) 0.22 

Contouring 58 (14.5) 16 (11.3) 0.34 

Patient request (size/style change) 53 (11.3) 22 (15.6) 0.49 

Rupture 3 (0.8) 1 (0.7) 0.96 

Animation 14 (3.5) 4 (2.8) 0.7 

Rippling 18 (4.5) 3 (2.1) 0.21 

Improve cosmesis 55 (13.8) 19 (13.5) 0.93 

Other 39 (9.8) 8 (5.7) 0.14 

*32 cases had two reasons for the revision **8 cases had two reasons for the revision 
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Figure 24 Reasons for revision surgery comparing Strattice™-assisted and submuscular reconstruction 
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Time to 1st revision for capsular contracture 

Less Strattice™-assisted reconstructions (n=20, 4.1%) had surgery for capsular contracture compared 

to the submuscular reconstructions (n=21, 10.9%), Log rank test, p=0.01, (Figure 25). There was no 

difference in the mean time to first revision surgery for capsular contracture of 29 months in Strattice™-

assisted group and 37 months in the submuscular (p=0.29), however numbers are small.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 25 Kaplan Meier curve showing time to first revision for capsular contracture comparing Strattice™-assisted 
and submuscular reconstruction 
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Revision rates per centre 

There was significant variation between the three centres in the number of Strattice™-assisted 

reconstructions that underwent revision surgery with centre 1 performing significantly less revisions 

than centre two and three (p<0.001). Centre two performed significantly more revisions in their 

Strattice™-assisted reconstructions than submuscular (p=0.049) (Figure 26). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 26 Revision rates comparing Strattice™-assisted and submuscular reconstructions per centre 

*p<0.05 **p<0.001 

3.1.8 Outcomes in direct to implant versus a two-stage procedure 

Of the Strattice™-assisted reconstructions 383 (69.2%) were direct to implant, 96 (17.9%) were 

expander implants and 74 (13.4%) were two-staged procedures.  Of the submuscular reconstructions 

19 (7.9%) were direct to implant, 20 (8.3%) were expander implants and 203 (83.9%) were two-stage 

procedures. 

 

There were no differences in post-operative complications between the direct to implant Strattice™-

assisted and two-stage submuscular reconstructions (Table 25). Unplanned explantation rate as a 

complication of the primary surgery was 7.8% in the Strattice-assisted direct to implant 

reconstructions compared to 5.9% in the two-stage submuscular reconstructions (p=0.39) (Figure 27). 
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Table 25 Post-operative complications comparing Strattice™-assisted direct to implant and two-stage submuscular 
reconstructions  

 Direct to implant  

Strattice-assisted 

(%)  

n=383 

Two-stage 

submuscular 

(%) 

n=203 

p value 

Haematoma 10 (2.6) 3 (1.5) 0.56 

Infection  

     Treated with oral antibiotics 37 (9.7) 21 (10.3) 0.79 

     Treated with IV antibiotics 10 (2.6) 2 (1.0) 0.23 

     Required surgical intervention 17 (4.4) 5 (2.5) 0.23 

Delayed wound healing  

     Treated conservatively 24 (6.3) 16 (7.9) 0.46 

     Required surgical intervention 40 (10.4) 6 (3.0) 0.32 

   

 

 

 

 

 

Figure 27 Reasons for implant loss in one and two-stage procedures comparing Strattice™-assisted and 
submuscular technique 
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3.1.9 Differences in outcome between therapeutic and risk reduction surgery in Strattice™-

assisted breast reconstruction 

There were 301 therapeutic Strattice™-assisted reconstructions performed and 252 for risk reduction. 

Median age was 51 years in the therapeutic group and 52 years in the risk reduction group. Except 

patients in the therapeutic group undergoing neo-adjuvant chemotherapy there was no other 

differences in pre-operative risk factors. Significantly more were treated with oral antibiotics for 

suspected infection in those whom had had the mastectomy and reconstruction for therapeutic reasons. 

Although more in the therapeutic group had a seroma the number requiring aspiration did not differ 

between the two groups (Table 26).    

 

In the therapeutic group 207 had axillary surgery at the time of the reconstruction of whom 69 (33.3%) 

were treated for delayed wound healing or suspected infection, 94 had no axillary surgery or axillary 

surgery prior to their mastectomy and reconstruction and 21 (22.3%) were treated for delayed wound 

healing or suspected infection (p=0.05). A completion mastectomy was performed in 82 cases, 22 

(26.8%) were treated for delayed wound healing or suspected infection compared to 68 (31.1%) in 

those that had not had a previous wide local excision.  

In the risk reduction group, 12 had a completion mastectomy (initial WLE for cancer with clear margins 

but proceeded to mastectomy for risk reduction) of whom 4 (33.3%) were treated for delayed wound 

healing or suspected infection compared to 74 (30.8%) in those that had not. 

 
Table 26 Post-operative complications comparing Strattice™-assisted reconstructions performed for therapeutic 
or risk reduction 

 Therapeutic 

(%) n=301 

Risk reduction 

(%) n=252 

p value 

Haematoma 7 (2.3) 5 (2) 1 

Infection  

     Treated with oral antibiotics 46 (15.3)  20 (7.9) 0.008 

     Treated with IV antibiotics 8 (2.7) 8 (3.2) 0.8 

     Required surgical intervention 15 (5) 15 (6) 0.7 

Delayed wound healing  

     Treated conservatively 13 (4.3) 18 (7.1) 0.2 

     Required surgical intervention 26 (8.6) 33 (13.1) 0.1 

Seroma  

     Present 84 (27.9) 45 (17.9) 0.006 

     Aspirated 34 (11.3) 22 (8.7) 0.4 

     >1 aspiration 13 (4.3) 10 (4) 1 

Unplanned explantation  

     Post-operative complications 26 (8.6) 21 (8.3) 1 

     Other 18 (6) 4 (1.6) 0.008 
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3.1.10 Differences in outcome between skin sparing and nipple sparing mastectomy in 

Strattice™-assisted breast reconstruction 

There were 424 skin sparing (nipple sacrificing) mastectomies (260 (61.3%) therapeutic, 164 (38.7%) 

risk reduction) and 119 nipple sparing mastectomies (32 (26.9%) therapeutic, 87 (73.1%) risk 

reduction), performed in the Strattice™-assisted group. Post-operative complications were equivalent 

between skin sparing and nipple sparing mastectomies except for more nipple sparing mastectomies 

were treated for delayed wound healing, specifically those managed conservatively (Table 27).  

 

Table 27 Post-operative complications comparing skin sparing and nipple sparing mastectomies in Strattice™-
assisted reconstructions 

 Skin sparing 

(%) 

n=424 

Nipple sparing 

(%) 

n=119 

p value 

Haematoma 14 (3.3) 1 (0.8) 0.21 

Infection 0.45 

     Treated with oral antibiotics 51 (12.0) 12 (10.1) 0.56 

     Treated with IV antibiotics 10 (2.4) 6 (5.0) 0.13 

     Required surgical intervention 27 (6.4) 3 (2.5) 0.12 

Delayed wound healing 0.01 

     Treated conservatively 16 (3.8) 15 (12.6) 0.002 

     Required surgical intervention 45 (10.6) 14 (11.8) 0.72 

Seroma  

     Present 100 (23.6) 28 (23.5) 0.99 

     Aspirated 39 (9.2) 17 (14.3) 0.11 

     >1 aspiration 18 (4.2) 5 (4.2) 1 

Unplanned explantation  

     Post-operative complications 36 (8.5) 10 (8.4) 1 

     Other 19 (4.5) 2 (1.7) 0.28 

  

3.1.11 Change in practice over time 

In the first three years after the introduction of Strattice™ to the three units there was an increase in 

numbers performed with a subsequent decrease in the number of submuscular reconstructions 

performed (Figure 28). In the first year Strattice-assisted reconstructions were performed the number 

of unplanned explantations secondary to post-operative complications was significantly higher than in 

the submuscular group, 21.4% vs. 4.3%, p=0.05 (Figure 29), there was no difference in subsequent 

years. 
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Figure 28 Trends over time comparing Strattice™-assisted and submuscular reconstructions 

 

 

Figure 29 Trends over time of unplanned explantation secondary to post-operative complications comparing 
Strattice™-assisted and submuscular reconstructions 

 

When Strattice™ was first introduced more expander implants were used, however as time progressed 

the number of direct to implant reconstructions increased (Figure 30).  The size of implants used varied 

from year to year with no specific trend over time. On average over 30% were >400cc and no increase 

in implant loss rate was observed in this cohort (Figure 31). Throughout the whole study period the 

mean ratio of mastectomy weight to implant volume was 1:1.13 in the Strattice™-assisted group and 

1:1.21 in the submuscular group (p=0.1) (Table 28).  
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Figure 30 Trends over time of type of prosthesis used in Strattice™-assisted reconstructions 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 31 Trends over time of size of definitive implant used in Strattice™-assisted reconstructions and unplanned 
explantation of implant secondary to wound dehiscence or skin necrosis 
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Table 28 Trends over time of mean ratio of mastectomy weight to implant volume in Strattice™-assisted and 
submuscular reconstructions 

Year Strattice™-assisted Submuscular p value 

2009 1:0.93 1:1.05 0.3 

2010 1:1.33 1:1.32 0.9 

2011 1:1.12 1:1.10 0.8 

2012 1:1.10 1:1.05 0.6 

2013 1:1.02 1:1.33 0.7 

2014 1:1.23 1:1.69 0.1 

2015 1:1.10 1:1.23 0.4 

 

3.1.12 Cost effectiveness using Strattice™ for direct to implant reconstructions 

Price analysis was performed with data from one trust as part of a sub study in collaboration with Rong 

Khaw (CT2 Plastic Surgery).  Each procedure was assigned a healthcare resource group (HRG) code 

to determine a price, valid within the NHS. 130 patients with a minimum of five years follow-up 

underwent 171 immediate implant based breast reconstruction. 109 direct to implant Strattice™-

assisted (77 patients) and 54 two stage submuscular (47 patients) reconstructions were included.  

Total mean price of the index reconstructive procedure is £3,634 Strattice™-assisted and £4,230 

submuscular. In the Strattice™-assisted group 44 (57%) patients had further planned procedures; 15 

contralateral surgeries, 52 nipple reconstructions and 22 removals of Becker™ port at a mean price of 

£1,026 per reconstruction. In the submuscular group 22 (47%) patients had further planned procedures; 

18 contralateral surgeries and 15 nipple reconstructions at a mean price of £1,016.  

Unplanned procedures for either post-operative complications or revision of the reconstruction were 

performed on 57 (52%) reconstructions in the Strattice™-assisted group and 28 (52%) in the 

submuscular group at a mean price of £1,846 and £1,920 respectively.  

Mean five-year total price was £6,506 for the Strattice™-assisted reconstructions versus £7,166 for the 

submuscular (p=0.2).  
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3.2 Clinical cohort study - assessing rates of capsular contracture, cosmetic and 

patient reported outcomes in Strattice™-assisted and submuscular 

reconstructions 

3.2.1 Summary of methods 

A cohort study comparing rates of capsular contracture, cosmetic and patient reported outcomes, using 

clinical examination and tonometry, photographs and Breast Q, between Strattice™-assisted or 

submuscular reconstructions. 

3.2.2 Recruitment to the BROWSE Study 

Within the three sites 117 patients who had undergone 169 Strattice™-assisted reconstruction and 49 

patients who had undergone 65 submuscular were recruited to the study.  Centre one recruited 67 

Strattice™-assisted and 49 submuscular, Centre two 11 Strattice™-assisted and one submuscular and 

Centre 3 37 Strattice™-assisted (Figure 32).   

3.2.3 Demographics of the study group 

The median age of the Strattice™-assisted group was 54 years (range 29 – 75 years) compared to 56 

years (range 41 – 79 years) in the submuscular group.  As in the retrospective cohort, there were 

younger women and fewer smokers in the Strattice™-assisted group but no other difference in 

demographics or pre-operative risk factors (Table 29). The median follow-up was five years two months 

(range two years five months to nine years five months) in the Strattice™-assisted group and six years 

four months (range three years two months to nine years three months) in the submuscular group 

(p=0.0001). 
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Figure 32 Recruitment to the BROWSE Study 

 

 

 

 

 

 

Patients who underwent reconstruction 2009 -

2014 were identified 

Strattice™-assisted n=280 submuscular n=158 

Those who died n=17, needed an interpreter 

n=3, had explantation and no further implant-

based reconstruction n=25 or conversion to 

autologous n=26 were excluded 

184 responded 

“interested” and were 

contacted via telephone 

to check understanding, 

answer any questions 

and book for a clinic 

appointment 

17 responded “not 

interested” are were not 

contacted further 

135 did not respond and 

a second invitation letter 

was sent out 2 months 

after the first 

23 responded 

“interested” and were 

contacted via telephone 

to check understanding, 

answer any questions 

and book for a clinic 

appointment  

 12 responded “not 

interested” were not 

contacted further 

100 did not respond and 

were not contacted 

further 

The first invitation sent out to eligible patients 

Strattice™-assisted n=237, submuscular n=130 

166 were recruited 

41 were unable to attend 

the clinic appointment 

31 were not sent out as 

deemed unsuitable for 

clinical team to approach 



105 
 

Table 29 Patient demographics and peri-operative risk factors 

 

Strattice™-assisted 

n (%) 

n=117 

Submuscular 

n (%) 

n=49 

p value 

Age (years)  

     <40 15 (12.8) 0  0.006 

     40-60 59 (50.4) 31 (63.3) 0.13 

     >61 43 (36.8) 18 (36.7) 0.68 

BMI (kg/m2)  

     ≤17.9 2 (1.7) 2 (4.1) 0.58 

     18.0-24.9 63 (53.8) 29 (59.2) 0.53 

     25.0-29.9 43 (36.8) 13 (26.5) 0.2 

     ≥30 9 (7.7) 5 (10.2) 0.56 

Smoking Status  

     Smoker 8 (6.8) 8 (16.3) 0.06 

     Non-smoker 98 (83.8) 40 (81.6) 0.74 

     Ex-smoker 11 (9.4) 1 (2.0) 0.11 

Diabetes 3 (2.6) 1 (2.0) 1 

Previous chest wall 

radiotherapy 
6 (5.1) 3 (6.1) 0.72 

 

3.2.4 Assessment of capsular contracture 

Baker Grade 

Of the 169 Strattice-assisted reconstructions examined (117 patients, 52 bilateral cases) 17 (10.1%) 

were graded Baker 3 or 4 compared to 6 (9.2%) of the 65 (49 patients, 16 bilateral cases) submuscular 

reconstructions (p=0.85). In the Strattice™-assisted group 6 (3.6%) of those graded with a Baker 1 or 

2 capsule had previously undergone surgery to correct capsular contracture compared to 8 (13.6%) in 

the submuscular group (p=0.01). This gives an estimated rate of capsular contracture in the Strattice™-

assisted group of 13.6% and 21.5% in the submuscular (p=0.14) (Figure 33). 
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Figure 33 Percentage of reconstructions with each Baker grade on examination or had previously undergone 
revision surgery for capsular contracture comparing Strattice™-assisted and submuscular reconstructions   

 

Patient reporting of Baker Grade 

When the patients were asked to grade their own breasts using the same scale, in the Strattice™-

assisted group 48 were upgraded by the patient and 29 were downgraded. In the submuscular group 

22 were upgraded by the patient and 11 downgraded (Figure 34). 

 

In both the Strattice™-assisted and submuscular group the agreement between clinician and patient of 

Baker Grade was considered ‘fair’ using both Kappa statistic (0.234 and 0.219 respectively) and 

weighted Kappa (0.352 and 0.334) (Figure 35).  
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Figure 34 Percentage of reconstructions with each Baker grade on examination by clinician and on assessment 
by patient comparing Strattice™-assisted and submuscular reconstructions 
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Figure 35 Comparison between the number of clinician assessed Baker grade reconstructions with patient 
assessed Baker grade reconstruction when given a description of each Baker grade in Strattice™-assisted and 
submuscular reconstructions a. Clinician graded Baker 1, b. Clinician grade Baker 2. c. Clinician graded Baker 3, 
d. Clinician graded Baker 4 

 

 

Tonometry 

Tonometry had a weak negative correlation with Baker grade (r=-0.28, p<0.001). Baker 1/2 capsules 

had a higher (softer) mean reading of 5.4 compared to 4.8 in Baker 3/4 capsules however there was no 

significant difference between the readings of the two groups (Figure 36).  

 

There was no evidence of a difference in mean tonometry reading between reconstruction type 

(p=0.36). 
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Figure 36 Mean tonometry readings over time comparing Strattice™-assisted and submuscular reconstructions 

 

3.2.5 Risk factors for capsular contracture 

In the Strattice™-assisted group 67 (57.3%) patients experienced a complication (according to review 

of the medical records) compared to 30 (61.2%) in the submuscular group (p=0.73) (Table 30). 

 

Table 30 Post-operative complications comparing the Strattice™-assisted and submuscular reconstructions in the 
recruited patients  

 Strattice™-assisted 

n (%) 

Breasts=169 

Submuscular 

n (%) 

Breasts=65 

p value 

Haematoma 3 (1.8) 1 (1.5) 1 

Infection 

     Treated with oral antibiotics 26 (15.4) 3 (4.6) 0.03 

     Treated with IV antibiotics 6 (3.6) 1 (1.5) 0.68 

     Required surgical intervention 8 (4.7) 0 0.11 

Delayed wound healing 

     Treated conservatively 6 (3.6) 8 (12.3) 0.03 

     Required surgical intervention 14 (8.3) 1 (1.5) 0.07 

Seroma 

     Present 44 (26.0) 26 (40.0) 0.06 

     Aspirated 17 (10.1) 15 (23.1) 0.02 
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In the Strattice™-assisted group 23 (13.6%) reconstructions had capsular contracture (defined as Baker 

III/IV on clinical examination or previous surgery for capsular contracture), 11 (48%) experienced a 

complication. Eight were treated for suspected infection, three had wound dehiscence, one had 

evacuation of haematoma, three had a seroma (one required aspiration) and two had implant loss with 

revision of reconstruction. The rate of capsular contracture if there had been a complication was 14.1% 

compared to 13.2% if there had not (p=1). 

 

In the submuscular group 14 (21.2%) reconstructions had capsular contracture, 11 (79%) experienced 

a complication. Three had a wound dehiscence and ten had a seroma (seven required aspiration). The 

rate of capsular contracture if there had been a complication was 33.3% compared to 9.1% if there had 

not (p=0.03). 

 

Previous or adjuvant radiotherapy was administered in 14 (8.4%) of the Strattice™-assisted 

reconstructions. Seven (50%) developed capsular contracture. In the submuscular group six (9.2%) 

had had radiotherapy, one (16.7%) developed capsular contracture (p=0.32).  
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3.2.6 Aesthetic assessment  

Photographs were taken of 153 Strattice™-assisted reconstructions and 59 submuscular. The 

photographs were assessed by a blinded panel consisting of one consultant oncoplastic breast surgeon, 

one breast care nurse and one lay person. There was a significantly higher general satisfaction score 

in the Strattice™-assisted group from all three panel members (Figure 37).  

 

Figure 37 Mean aesthetic scores comparing Strattice™-assisted and submuscular reconstructions from breast 
surgeon (BS), breast care nurse (BCN) and lay person (lay) when using the 10 point Visser scale (62) (1-10 for 
general satisfaction 1-5 for other categories)  
* <0.05 ** <0.01 

Intra and inter rater reliability 

Internal controls (repeated images) were placed within the presentation to assess intra-operator 

reliability. The breast surgeon had excellent reliability in scoring breast shape and nipple/NAC and the 

breast care nurse had good reliability in all aspects except nipple/NAC (Figure 38).  

 

There was good inter-rater reliability between the breast surgeon, breast care nurse and lay person for 

scoring of breast symmetry and general satisfaction (ICC 0.87 and 0.79 respectively). For scoring of 

breast volume, breast shape, breast scars and nipple/NAC there was moderate reliability (ICC 0.66, 

0.71, 0.74 and 0.68). The greatest reliability across all 6 categories was between the breast surgeon 

and the breast care nurse followed by breast care nurse and lay person then breast surgeon and lay 

person.   
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Figure 38 Intra-rater reliability using the intra class coefficient of breast surgeon, breast care nurse and lay person 
in the aesthetic scoring of Strattice™-assisted and submuscular implant based reconstructions 
ICC Values <0.5 poor, 0.5-0.74 moderate, 0.75-0.9 good, >0.9 excellent reliability 

Comparison of cosmetic score with time 

There was no significant correlation between general satisfaction score and time in either the 

Strattice™-assisted or submuscular reconstructions who had no revision surgery during the follow-up 

period (Figure 39).  

 

The mean general satisfaction score was 6.68 in those that developed a complication in the Strattice™-

assisted group compared to 5.57 in the submuscular group (p=0.004).  

 

The mean general satisfaction score was lower in Strattice™-assisted reconstructions that developed 

a complication than those that did not when scored by the breast care nurse and lay person and a mean 

of all three assessors, this was not significant. The mean general satisfaction score was lower in 

submuscular reconstructions that developed a complication than those that did not when scored by all 

three assessors, this was not significant.  
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r(71) = -0.17, p=0.15 

r(32) = 0.22, p=0.22 
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g. 
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Figure 39 General satisfaction scores over time in Strattice™ and submuscular reconstructions who did not 
undergo any revision surgery  
a. Strattice™ reconstructions and b. submuscular reconstructions scored by Breast Surgeon,  
c. Strattice™ reconstructions and d. submuscular reconstructions scored by Breast care nurse  
e. Strattice™ reconstructions and f. submuscular reconstructions scored by lay person  
g. Strattice™ reconstructions and h. submuscular reconstructions mean score of all three assessors 
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Comparison of aesthetic scores per unit 

Strattice™-assisted reconstructions performed at Centre two scored highest by all three independent 

blinded assessors (Figure 40)  

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 40 Comparison of the mean general satisfaction score of Strattice™-assisted reconstructions per centre 
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3.2.7 Quality of life using the BREAST-Q score 

There was a 93% response rate, 106 responses were received from patients who underwent a 

Strattice™-assisted reconstruction and 47 from patients who underwent a submuscular reconstruction. 

There was no difference in mean domain score between the Strattice™-assisted and submuscular 

group (Figure 41). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 41 Median BREAST-Q scores comparing Strattice™-assisted and submuscular reconstructions 
40 (35%) in the Strattice™-assisted group and 20 (41%) in the submuscular group had nipple reconstruction 

 

There was no significant difference between the BREAST-Q scores of those that had a complication in 

the Strattice™-assisted group compared to the submuscular group. 

 

Within the Strattice™-assisted reconstructions there was no significant difference in any domain of the 

BREAST-Q scores when comparing patients that developed a complication to those who did not. 

Within the submuscular reconstructions there was no significant difference in any domain of the 

BREAST-Q scores when comparing patients that developed a complication to those who did not. 

Comparison of quality of life with time 

There was a decline in satisfaction with breasts and satisfaction with outcome over time in the 

submuscular group (r(44) = -0.29, p=0.05, r(44) = -0.28, p=0.06) but no correlation in the other domains 

in either the Strattice™-assisted or submuscular reconstructions (Figure 42). 
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c.  
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i.  
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Figure 42 Breast-Q scores over time in Strattice™-assisted and submuscular reconstructions  
Satisfaction with breasts a. Strattice™ reconstructions b. submuscular reconstructions,  
Satisfaction with outcome c. Strattice™ reconstructions d. submuscular reconstructions  
Psychosocial well-being e. Strattice™ reconstructions f. submuscular reconstructions 
Sexual wellbeing g. Strattice™ reconstructions h. submuscular reconstructions  
Physical wellbeing i. Strattice™ reconstructions j. submuscular reconstructions 
Statistical analysis performed using Pearson’s Correlation Coefficient 
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Comparison of BREAST-Q score per centre for Strattice™-assisted reconstructions 

There were 62 completed BREAST-Qs from Centre 1, 11 from Centre 2 and 33 from Centre 3. There 

were no significant differences in median scores between the centres in any domain of the BREAST-Q 

(Figure 43). 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
Figure 43 Comparison of median BREAST-Q scores per Centre in Strattice™-assisted reconstructions 
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Comparison of BREAST-Q score between those undergoing mastectomy and reconstruction for 

therapeutic versus risk reduction 

There were 16 completed BREAST-Qs from patients who had bilateral risk reducing mastectomy and 

reconstructions in the Strattice™-assisted group and 7 in the submuscular compared to 90 and 40 for 

those that had one or both reconstructions for therapeutic reasons in the Strattice™-assisted and 

submuscular group respectively. There was no difference identified between median BREAST-Q scores 

in any domain when comparing the therapeutic and risk reduction reconstructions (Figure 44). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 44 Comparison of median BREAST-Q scores in those undergoing Strattice™-assisted and submuscular 
reconstructions for therapeutic and risk reduction reasons 

 

Comparison of BREAST-Q scores between those undergoing bilateral mastectomy and 

reconstruction and unilateral mastectomy and reconstruction 

There were 61 completed BREAST-Qs from patients who had bilateral mastectomy and reconstructions 

(45 in the Strattice™-assisted group and 16 in the submuscular) compared to 90 from those that had 

unilateral reconstructions (60 in the Strattice™-assisted group and 30 in the submuscular group). There 

was no difference identified when comparing unilateral and bilateral reconstructions in total and within 

reconstruction type in any domain of the BREAST-Q. 
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Figure 45 Comparison of median BREAST-Q scores in those undergoing unilateral and bilateral Strattice™-
assisted and submuscular reconstructions  

 

Comparison of patient reported satisfaction with breasts using BREAST-Q and surgeon 

reported general satisfaction score 

There was a weak but significant positive correlation with patient reported satisfaction with breasts and 

surgeon reported aesthetic general satisfaction score in both the Strattice™-assisted (r(94)=0.39, 

p=<0.001) and submuscular reconstructions (r(39)-0.33, p=0.03).    
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3.3 Discussion 

Through a combination of retrospective data collection and clinical assessments this multi-centre study 

has established an incidence of capsular contracture in implant based breast reconstruction with and 

without the use of Strattice™, with the longest median follow-up in published literature. Although it did 

not quite reach statistical significance a decrease in capsular contracture of almost 10% with a 

Strattice™-assisted reconstruction is of clinical significance and potentially important to patients. This 

is the first multi-centre study with a blinded independent assessment of capsular contracture in 

Strattice™-assisted reconstructions with a submuscular reconstruction control arm.  

 

3.3.1 Demographics 

The multi-centre nature of the study removes the bias of single-centre studies but also introduces 

significant variance in patient selection, technique, follow-up management etc. Across the three centres, 

22 surgeons performed varying numbers of reconstructions within one or both groups and it is 

impossible to adjust for this. Except for age and smoking status, the two cohorts were otherwise well 

matched for pre-operative risk factors. There were significantly more younger women in the Strattice™-

assisted group which may be accounted for by the higher rate of risk reducing surgery in this group or 

naturally younger women are likely to have less co-morbidities therefore deemed more suitable to use 

an ADM. An adequate blood supply to the mastectomy skin flap is essential for integration of the ADM 

(215) therefore the significant reduction in smokers in the Strattice™ group is likely a reflection on the 

known impact smoking has on the microvasculature system (251). Current practice remains, in certain 

units across Europe, to abstain from using ADMs in smokers. Despite higher stage disease in the 

submuscular cohort there was no difference in the percentage of patients receiving adjuvant 

radiotherapy which is a risk factor for capsular contracture. As expected with higher stage disease and 

more HER2 positive disease more patients received adjuvant chemotherapy and Herceptin in the 

submuscular group. There may have been selection bias in this subgroup with the operating surgeons 

perceiving these patients to be higher risk and therefore not offering a Strattice™-assisted 

reconstruction.   

 

3.3.2 Post-operative complications 

The rate of suspected infection was higher in both groups than the pooled analysis in the meta-analyses 

published comparing ADM-assisted reconstruction and submuscular techniques (252, 253) but lower 

than those published from the iBRA study and NMBRA (12, 238). The definitions used mirrored those 

in the iBRA study to ensure a meaningful comparison could be made. The Clavien-dindo classification, 

a widely accepted scale for grading surgical complications, although not specific to breast, was not used 

for this study due to its limited use in published breast literature (254). The results raise the concern of 

a higher infection rate in the Strattice™-assisted group however there are number of reasons why this 

should be interpreted with caution. Any redness or potential sign which required treatment with 

antibiotics was classed as infection which could have led to an over-estimation.  
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Red breast syndrome is a recognised problem with ADM use which is believed to be an immune reaction 

but can mimic signs of infection. A number of patients in this study were documented as having red 

breast syndrome but were treated with antibiotics as a precaution and therefore included as having a 

potential infection. Interestingly in the Strattice™-assisted group unlike the submuscular, having a 

known risk factor for infection did not impact whether you were treated for suspected infection or not 

suggesting patients may have been over cautiously treated in this group. There were 22 consultant 

surgeons performing the reconstructions, not accounting for the other doctors and nurses in their team 

who also reviewed and followed up the patients, all of who will have a different threshold to treat with 

antibiotics. This study was not powered to detect a difference in rate of potential infection between the 

two groups. The only reliable way to detail true infection rates would be performing a prospective study 

with a detailed criterion for infection however this would be very difficult and expensive to run. 

 

As in the BRIOS and MROC study (223, 255) there was a significantly higher rate of wound dehiscence 

in the Strattice™-assisted group. Subsequently this lead to a higher implant loss rate secondary to 

wound dehiscence although the overall explantation rate was not significantly different between the two 

groups. The overall rate of wound dehiscence in the Strattice™ group (16.3%) was higher than that 

reported in the BRIOS study (9%) where Strattice™ was also used (223) and the MROC study (3.4%) 

where an unknown ADM was used (255). I would hypothesise an inherent bias in the wound dehiscence 

rate due to the importance of detecting, documenting and acting on even the smallest dehiscence in a 

Strattice™ reconstruction to prevent infection whereas with submuscular coverage the concern over a 

small dehiscence is less. Our definition matched that of the iBRA study to allow a more meaningful 

comparison however the specific rates of wound dehiscence have not yet been published. The majority 

of papers including the meta-analyses published comparing ADM and submuscular reconstructions 

comment on skin flap necrosis and although there may be a degree of necrosis at the wound edges 

instigating the dehiscence, this really is a different entity and cannot be used to compare to our data. 

The rates of skin flap necrosis were lower in both groups than published in the meta-analyses (224, 

225, 227, 229, 252) but similarly found no difference between the two groups. Our data does raise 

concerns of higher rates of wound dehiscence in ADM reconstruction but due to the limitations of the 

study which include retrospective data and the study not powered for this complication it must be 

interpreted with caution. As with infection rates the most effective way to determine true rates of wound 

dehiscence would be with a prospective study.    

 

Almost 50% of implants in the Strattice™-assisted group subjected to wound dehiscence were salvaged 

by returning to theatre. Other management strategies such as negative pressure wound therapy (256) 

have been suggested in the literature to potentially salvage ADM –assisted implant reconstructions. In 

our cohort 23 Strattice™-assisted reconstructions had a negative pressure dressing placed immediately 

post-operatively and four (17.4%) had wound dehiscence requiring return to theatre. However, it is 

unknown how many of those with a conservatively managed wound dehiscence involved the use of 

negative pressure wound therapy.  
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The presence of seroma was no different between the Strattice™-assisted and submuscular 

reconstructions which contradicts published literature (225-227).  Aspiration of seroma was higher in 

the submuscular group. In the UK, when ADM assisted reconstructions were first introduced the 

accepted protocol was to insert two post-operative drains, one in the implant pocket and one between 

the skin and ADM, for two weeks. This prevented seroma fluid separating contact between the ADM 

and skin, improving/allowing prompt integration. Drain use protocols are not detailed in the current 

literature reporting an increase in seroma. Our longer drain use in the Strattice™- assisted group may 

account for the equivalent rates of seroma between the two groups. From approximately 2013 drains 

began to be removed at earlier time points, similar to those in the submuscular group and only one 

drain was used. However, data per year demonstrated equivalent seroma rates. Alternatively, seroma 

rates may not be related to the reconstructive procedure but the mastectomy therefore you would expect 

equivalence between the two groups. Formation of seroma remains poorly understood and although 

there are a number of identified factors the true pathophysiology is unclear. One of the techniques to 

reduce seroma formation is to remove the dead space it forms in (257, 258). In the Strattice™- assisted 

group inserting a fixed volume implant or expander implant filled this space hence reducing the space 

it could accumulate in and reducing the amount formed. Increase in back pressure from a tighter skin 

closure over a fixed volume implant and from the implant against the chest wall may decrease leakage 

of fluid from the tissues. The time points at which the seromas were drained was not collected but would 

have been useful in further analysis. 

 

There were no differences in explantation rates secondary to post-operative infection or wound 

dehiscence between Strattice™-assisted and submuscular breast reconstructions which compares 

favourably to meta-analyses published (225, 229).  The unplanned explantation rate in the Strattice™-

assisted group matches that reported in the iBRA study (205) for all implant based reconstructions 

(n=2081) and for those performed with a biological mesh. However, the iBRA study reports at 3 months 

follow-up and only 50% of the 8.5% Strattice™-assisted explantations in this study occurred within the 

first three months. Patients and clinicians should be aware that the risk of explantation continues over 

two years post-operatively with a Strattice™-assisted reconstruction whereas with submuscular 

coverage there were no implant losses beyond nine months. There are no other studies detailing time 

to implant loss to compare to. The explantation rate secondary to post-operative complications in the 

Strattice™-assisted group are higher than the National Quality Criteria for breast reconstruction 

(<5%)(259) although marginally lower than those reported in the NMBRA (12). Within this study the 

explantation rates for submuscular reconstruction almost meet the criteria but given the variation in 

numbers performed in the three recruiting centres this result may be skewed and non-representative of 

the real-world. Conversely it demonstrates low levels of explantation can be achieved albeit in a 

specialist tertiary centre performing high volume implant based breast reconstruction.  
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Having a risk factor (smoker, very recent ex-smoker, diabetes or very low or high BMI) was not 

significant in whether you were treated for suspected infection or wound dehiscence in the Strattice™-

assisted group but it was in the submuscular group. Risk factors were a significant predictor of 

unplanned explantation in both the Strattice™-assisted and submuscular reconstructions. This may 

reflect the over cautiousness or more aggressive treatment in the Strattice™-assisted group. However, 

as previously discussed the study was not powered for post-operative complications and with multiple 

testing could result in both type I and II errors.   

 

After unplanned explantation, significantly more women in the Strattice™-assisted group pursued 

further reconstruction than in the submuscular group. This differed to that reported in the BRIOS Study 

however their numbers were much lower, four submuscular reconstructions who all underwent further 

reconstruction (260). It is impossible to appreciate the reasons for this from our study. There is a paucity 

of literature on outcomes after failed implant based breast reconstruction and what influences patient 

decisions in this situation. The results of the LiBRA (Loss of implant breast reconstruction evaluation) 

study  will hopefully improve on this (261). 

 

The reasons for higher rates of infection and unplanned explantation are unclear. Potentially best 

practice guidelines are not being adhered to (262, 263) or poor patient selection. However, it is clear 

that these outcomes need to be improved and there are many factors and techniques which should be 

considered when performing implant based reconstruction (264). It has been proven following a 

checklist prevents serious untoward incidents occurring, reducing morbidity (265). Following the 

evidence based TIC checklist (264) may reduce breast implant associated infection and therefore 

unplanned explantation and other long-term sequelae of infection. Achieving the low levels of implant 

infection and failure (1%) of our orthopaedic colleagues (266) is something to aim towards. 

 

Return to theatre rates secondary to a post-operative complication (haematoma, infection or wound 

dehiscence) were higher in the Strattice™-assisted group, significantly for wound dehiscence, however 

this did not infer a higher implant loss rate. Our rate of 18.3% was lower than that reported in a recent 

randomized control trial comparing Strattice™ and a submuscular technique (223), however this trial 

was stopped prematurely due to high complication rates in the Strattice™ arm and came under 

significant criticism (267, 268). Unfortunately, other large prospective cohort studies have not reported 

their return to theatre rates to compare to. The rates in this study were equivalent to those reported in 

the iBRA study for biological mesh, however they only reported up to three months post-operatively 

(205). The rate was triple of that reported by the NMBRA in 2011 (12). I would suggest the increase in 

return to theatre has not been seen due to an increase in complications but due to a change in practice. 

Taking a more aggressive approach in to the management of post-operative complications is likely to 

result in a more favourable overall outcome as demonstrated in other studies of implant based 

reconstructions (269). In the Strattice™-assisted group 50.5% of those returned to theatre lost the 

implant compared to 80% in the submuscular group. The threshold of individual surgeons to take a 

patient back to theatre cannot be accounted for in this study.  
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However, the surgeons that were performing the majority of the submuscular reconstructions were not 

performing any of the Strattice™-assisted reconstructions so it could be hypothesised they had a higher 

threshold for return to theatre therefore the submuscular reconstructions were in less of a salvageable 

condition when they did return to theatre hence the higher loss rate in this subgroup. 

 

The major limitation with the complication data is retrospective collection. Although data was 

meticulously collected from several sources to ensure accurate and complete data sets, certain 

variables may not have been recorded at the time of the event potentially leading to under reporting. 

Conversely it may be difficult to assess the degree of the complication e.g. infection, hence any use of 

antibiotics being a marker of suspected infection, leading to over reporting. The three centres recruiting 

to the study were significantly different in proportion of reconstructions they performed in each group, 

which may skew the data. Centre Three had a higher suspected infection rate and unplanned 

explantation rate in the Strattice™- assisted group compared to Centre One. They performed only 2% 

of the submuscular reconstructions so it is difficult to extrapolate true rates from such small numbers. It 

is possible that they would have equally as high a complication rate in the submuscular reconstructions 

should they have been performing them therefore altering the overall data significantly for this group.  

 

The effects of the learning curve are well recognised (222) and were potentially observed in this study. 

However, after the initial reduction in implant loss rates over the first two years, proposed as the learning 

curve effect there was a further rise in implant loss rates. Potentially the strict criteria for performing 

ADM-assisted reconstructions was relaxed and this increase was due to the fact that higher risk patients 

were under-going the procedure (270).  

 

This study was conducted in the three centres performing the highest number of Strattice™-assisted 

breast reconstructions in the North of England however there is still a wide variation in outcomes e.g. 

implant loss rates 7.2%, 10.9% and 12.4% and suspected infection rates of 18.3%, 14.6% and 26.2%. 

It demonstrates good outcomes can be achieved but also raises concerns that even despite the 

substantial experience of a centre, the outcomes are still not as good as what have been achieved in 

other centres. How can this be improved? Should low volume units with less experience be introducing 

the technique? Is it surgeon/technique related? Should there be more rigorous training or review of 

people performing the procedure? Or is it patient selection? Different populations, different risk factors? 

These are all questions which remain unanswered with regards to ADM-assisted breast reconstruction 

which although a relatively new technique has been performed for over 10 years in the UK. Addressing 

these factors may improve outcomes for patients undergoing this and other new techniques in breast 

reconstruction. 
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3.3.3 Capsular contracture 

Our rate of capsular contracture (13.6%) in the Strattice-assisted group is higher than that reported in 

the literature (<10%) however they have much shorter follow-up (0.6 – 2.4 years) and the majority of 

studies include reconstructions using human ADM which is not licenced for use in the UK (253). The 

largest published case series (249) with a mean follow-up time of 4.7 years also reports a lower rate of 

capsular contracture however, this was single centre, predominantly human ADM and the operating 

surgeon reported the outcomes. Using the same case series but comparing to their cohort of Strattice™-

assisted reconstructions there were no incidents of capsular contracture in the mean follow-up period 

of 3.5 years (247). The rate of 21.2% in the submuscular group compares to rates reported in the core 

studies (155, 162, 163). The core studies also used Baker grade however were reported by the 

operating surgeon who gained financially for participating in the study and with lower numbers of 

reconstruction subjects enrolled than specified in the protocol.   

 

In this study, the same blinded independent researcher examining all of the patients leads to less bias 

than operating surgeon reported outcomes. 40% of patients who had undergone either a Strattice™-

assisted or submuscular reconstruction were recruited. This was an adequate sample size from our 

initial power calculation to have 80% power to detect a difference at the 2-sided 5% significance 

however there is still the possibility of over or under reporting of capsular contracture. The patients 

willing to participate could be either the highly satisfied or dissatisfied leading to over/under reporting. 

 

The numbers in each group were too small to perform a univariate or multivariate analysis for risk factors 

for capsular contracture (infection, haematoma, radiotherapy). In the Strattice™-assisted group there 

was no difference in the rate of capsular contracture after a post-operative complication however in the 

submuscular group, the rate of capsular contracture was much higher (9.1 vs. 33.3, p=0.0326) after a 

complication had occurred. We could hypothesise that Strattice™ does have a protective role in the 

presence of other risk factors. 

 

Using Baker grade (164) to assess for capsular contracture is widely accepted but subjective. To reduce 

the subjectivity and bias the same person examined each participant and was blinded as to the type of 

reconstruction. To add an objective measurement to the assessment of capsular contracture tonometry 

was used. Tonometry has been found to have a good correlation with Baker grade however in our study 

there was weak correlation between increasing baker grade and decreasing tonometry values. No 

significant difference was found between the tonometry readings of the two reconstruction types, no 

further studies have compared tonometry readings between reconstruction types. Other variables may 

impact the firmness of the breast that may not be a result of changes to the capsule. There was a weak 

correlation between increasing BMI and increasing tonometry value, however the cause is unclear, it 

maybe that skin flap thickness has an impact on the reading. An animal study reporting increased 

tonometry readings after lipofilling would support this hypothesis (169).  

We suggest tonometry would be a more sensitive tool for the assessment of capsular contracture when 

serial measurements are taken of the same breast during the follow-up period.    
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There was a significant reduction in revision surgery for capsular contracture in the Strattice™-assisted 

group which also supports my hypothesis that there is a lower incidence of capsular contracture in 

Strattice™-assisted reconstructions.  

 

The revision rates were equivalent between the two groups during the total follow-up period however 

the revision rate at five-years was significantly higher in the Strattice™-assisted group compared to 

submuscular. The average revision rates in these two groups of 44% is similar to those extrapolated 

from the core studies of 35-40% (46, 155, 156, 158-163) but higher than a recent retrospective study 

comparing the same two groups (230).  This may be attributable to many factors such as learning curve 

affect in the Strattice-assisted group, surgeon’s willingness to offer revision surgery and ultimately 

patient preference which cannot be accounted for in a retrospective study. The difference in revision 

rates between the three units in this study demonstrates variation within the same reconstruction type 

also again for reasons as above which cannot be accounted for in this study. However, a significant 

limitation is the difference between the numbers of the two types of reconstructions performed within 

the three centres, a significantly lower rate of submuscular reconstructions at centre two and three may 

skew the data. The higher revision rates seen in the Strattice™-assisted reconstructions may well have 

been mirrored in the submuscular reconstructions had they been performing them. Patients may also 

undergo revision procedures in a different unit to where their initial reconstruction was performed 

potentially increasing the rate further as it was not possible to capture this data in this study.  

 

3.3.4 Aesthetic outcomes 

This study has compared aesthetic outcomes between ADM-assisted and submuscular reconstructions 

with the longest follow-up to date. The general satisfaction score (1-10) is significantly higher in the 

Strattice™-assisted group from all three assessors supporting improved aesthetic outcome as one of 

the major benefits of ADM-assisted reconstruction. Specifically reports of improved lower pole 

projection and inframammary fold definition (31, 63, 206-211) are supported by a significantly higher 

score in the breast volume and breast shape domains of the aesthetic scoring across all three 

assessors. Other retrospective studies with a maximum mean follow-up time of 1.7 years also detected 

a significant overall improvement in aesthetic outcome with ADM use and specifically in the domains of 

breast mound volume, placement and inframammary fold (232) and contour and implant placement 

(231).  The only RCT performed comparing Strattice-assisted and submuscular reconstructions 

reported no difference in aesthetic outcome however this was at 1 year only and it is widely accepted 

that aesthetic satisfaction declines with time in implant based reconstruction without ADM (233). The 

aesthetic assessment in this study was taken at a single time point for each participant but there were 

a wide range of follow-up times (three years to 9years and five month).  
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Interestingly there was a very weak negative correlation of score with time in the Strattice™-assisted 

reconstructions and very weak positive correlation of score with time in the submuscular group (who 

had no revision surgery during the follow-up period) across all three assessors, none of which were 

significant. There are no studies reporting on change in aesthetic outcome with time in ADM-assisted 

reconstruction to compare to.  

 

To minimise bias the photographs were viewed on a PowerPoint in random order with blinded assessors 

who had no prior knowledge of the study or any additional information about the participants or their 

operative/post-operative course. The breast surgeon has almost 30 years of experience in breast 

reconstruction, the breast care nurse over 20 years and the lay person no experience of breast 

reconstruction. The major limitation to cosmetic assessment is there is no widely accepted validated 

tool. We used the 10 point Visser scale (62) as it scored most highly when compared by Maass et al. 

(60). This was also the same scale used in the BRIOS trial. The assessment remains subjective in 

nature. 15 random photographs were repeated to assess intra-rater agreement. Overall the breast 

surgeon and lay person had moderate reliability but the Breast care nurse had good reliability.  

 

The mean aesthetic score from the breast surgeon in this study was higher in both groups than reported 

by the breast surgeons in the BRIOS trial when the same scale was used. The breast surgeon gave 

highest scores followed by the breast care nurse and lay person contrary to previously published 

aesthetic outcome studies (63). There was moderate reliability between the breast surgeon, breast care 

nurse and lay person (ICC 0.74) understandably they will have differing views given the range of their 

experience and knowledge. The surgeon is more aware of the limitations of implant based 

reconstruction and what is physically achievable. The breast care nurse has potentially seen a variety 

of results from both good and not as good surgeons bringing a different perspective. The presence of 

the NAC may have not affected the overall general satisfaction score for the surgeon or breast care 

nurse as they understand not all patients want to proceed to nipple reconstruction however this may 

have affected the score in a lay person as naturally they expect a breast to have a nipple.     

 

There have been recent developments in computer programs to evaluate aesthetic outcomes using 

three-dimensional surface imaging, however this has been predominantly used in assessing outcomes 

after breast conserving surgery (271, 272). Tsay et al. performed 3D Mammometric comparison of 

implant-based reconstruction with and without ADM at early (1-3 months) and late (6-9 months) time 

points demonstrating a sustained significantly greater point of maximum projection and length of lower 

pole curvature in the ADM group (273).  

 

Improved aesthetic outcomes perceived by surgeons do not necessarily correlate with improved patient 

satisfaction (260), which is the ultimate aim. However, in this study we did demonstrate a weak but 

significant positive correlation between patient satisfaction with breasts and surgeon reported aesthetic 

general satisfaction. 
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3.3.5 Patient reported outcomes 

There were no significant differences found in any domain of the BREAST-Q when comparing the two 

reconstruction types which compares with the results of the BRIOS trial (260), comparing one stage 

Strattice™-assisted reconstruction and two-stage submuscular reconstruction. The BREAST-Q scores 

compare with those in the BRIOS trial in all domains except satisfaction with nipples where we have 

scored almost 30 points less.  This is likely to reflect the time points at which the questionnaires were 

completed (mean of 17 months in the BRIOS and over 60 months in BROWSE) as the longevity of 

nipple reconstruction results are limited. Both groups had a mean score for satisfaction with breasts 

which fell within the reported range of BREAST-Q scores (55 – 71) for satisfaction with breasts in 

implant based reconstruction (274).    

 

Using the minimally important difference of four points in the satisfaction with breasts and sexual well-

being domain calculated by the authors of the BREAST-Q (275, 276) suggests that there is a clinically 

meaningful improvement in patient satisfaction with breast in the Strattice™-assisted reconstruction 

despite not being a statistically significant change. This would also suggest there is improved sexual 

well-being in the submuscular group. Without baseline pre-operative scores it is difficult to explain this. 

 

This is the only study which compares long-term PROMs data between Strattice™-assisted (median 

follow-up time of five years) and submuscular (median follow-up time of six years four months) 

reconstructions. One study comparing PROs in human ADM-assisted reconstructions at a median time 

of 5 years (274) without a comparison to submuscular has equivalent BREAST-Q scores to our 

Strattice™-assisted group except in sexual wellbeing (10 point higher) and satisfaction with nipples (20 

points higher). However, their cohort was over 50% prophylactic surgery therefore potentially have a 

higher number of nipple sparing mastectomy and reconstructions. Studies demonstrating higher 

BREAST-Q scores in ADM reconstructions gained the PROMs data at a much shorter median time 

suggesting the reported improvements in quality of life may be short lived. These studies did not directly 

compare with submuscular reconstructions. Reasons for the short-term improvements could be 

reduced post-operative pain and one stage therefore no extra visits for expansion in ADM assisted 

reconstruction. This potentially further corroborates the low correlation between aesthetic score and 

quality of life scores i.e. once this stage has passed the longer-term differences which exist in ADM 

reconstruction e.g. improvements in aesthetics and reduced capsular contracture are not major 

determinants of quality of life. Interestingly there was a trend of reduced satisfaction with breasts, 

outcome and psychosocial well-being with increasing time in the submuscular group which was not 

demonstrated in the Strattice™-assisted group. 

 

Although some studies have demonstrated complications negatively impact patient satisfaction (274, 

277), complications had no impact on the BREAST-Q score in our cohort. There are a number of factors 

which may have influenced this such as the degree of complication, how the complication was managed 

and the revision surgery undertaken in order to maintain adequate patient satisfaction.  
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Other factors found to positively impact patient satisfaction e.g. bilateral surgery and prophylactic 

surgery were not found to show a significant difference in this cohort.  Such sub-analyses create low 

numbers in each group and are not powered to detect a difference therefore must be interpreted with 

caution.  

 

BREAST-Q is the most commonly used validated tool for PROMs in breast reconstruction and has 

found to be highly reliable and responsive (85). The BREAST-Q was completed at a single time point 

with no pre-reconstruction questionnaire previously completed. There are many factors which can affect 

domains such as sexual well-being and psychosocial well-being therefore having baseline scores would 

allow for a more robust interpretation. Despite having PROMs data from a wide range of follow-up times, 

we could make more accurate conclusions of the effect time has on PROMs by having the same cohort 

of patients completing the questionnaires at sequential time points. A prospective study with long-term 

follow-up would be a more suitable design to collect this data. 

 

3.3.6 Sub-group analyses 

Historically two-stage implant based breast reconstruction has been found to be safer than direct-to-

implant (41, 278), however we found no difference in unplanned explantation rates or overall 

complication rates between the two techniques. Although our overall complication rate was higher in 

the total Strattice™-assisted group, I suspect this was secondary to the higher risk patients in the 

Strattice™-assisted group undergoing a two-stage procedure. More recent multi-centre data from the 

MROC study also demonstrated comparable outcomes between direct-to-implant (n=99) and two-stage 

reconstructions (n=1328), however the number of direct to implant reconstructions performed was 

significantly lower (279). Single centre retrospective cohort studies have shown improved outcomes in 

direct to implant reconstructions especially in selected patient groups e.g. BMI<30 (280) and in the 

presence of adjuvant radiotherapy (281).  

 

In the Strattice™-assisted group the therapeutic mastectomy and reconstructions had higher incidence 

of suspected infection and seroma than the procedures performed for risk reduction. This differs to 

current literature, where no differences were found (247). Pre-operative risk factors were equivalent 

except for 7% in the therapeutic group underwent neoadjuvant chemotherapy. Axillary surgery, 

previously described as a risk factor for major complications after immediate reconstruction may 

account for this difference (282). Within the therapeutic group alone there was an increase in 

complication rate in those that underwent axillary surgery at the time of reconstruction compared to 

those that had either no axillary procedure or the axillary surgery prior to the reconstruction being 

performed. Other procedures such as previous wide local excision does not appear to have a significant 

impact.  
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Significantly more nipple sparing mastectomies were treated conservatively for wound dehiscence 

unlike in other case series where no difference was found between skin sparing (nipple sacrificing) and 

nipple sparing mastectomies (283, 284).  Unfortunately, data was not collected on the time to heal or 

the site of the dehiscence i.e. nipple or remaining surgical scar.  

75% of the wound dehiscence were in patients having the procedure for risk reduction and in those 

having a therapeutic procedure there were no incidences of delay to adjuvant treatment. However, it is 

something to consider when counselling patients who may require adjuvant treatment as other large 

cohort studies have demonstrated higher rates of complications in therapeutic nipple sparing 

mastectomy compared to skin sparing mastectomy (284).   

 

The long-term (5 year) cost effectiveness was equivalent between the single stage Strattice™-assisted 

and two-stage submuscular reconstructions in our study. There is no other published long-term UK 

literature to compare to. In the Dutch BRIOS trial the overall cost was significantly greater in the single 

stage Strattice™-assisted reconstructions; however, their complication rate was higher than in our study 

and their mean follow-up time was only three years (285). Two American Studies projecting long-term 

costs in implant reconstructions based on local and published complications rates suggest single-stage 

human ADM reconstructions to be equivalent (286) or significantly cheaper (287) than two stage 

submuscular. Our analysis only covered costs of surgical procedures (index procedure, further planned 

and unplanned procedures) however there are other factors to consider such as hospital length of stay 

and clinic visits for conservative management of complications or expansion. A full health economic 

evaluation would be beneficial.        

 

This study compares the outcomes of Strattice™, a porcine ADM however there are over 15 other 

porcine and bovine ADMs available on the UK market and a number of synthetic meshes. Data 

comparing outcomes between different ADMs is limited. The MROC Study, comparing four human 

ADMs, found a significant increase in overall complications and reconstructive failure in one ADM (288). 

A small study comparing Strattice™ and Surgimend™ (289) demonstrated significantly higher rates of 

skin erythema in the Strattice™ reconstructions only. This could be attributable to the variation in 

production and washing technique peri-operatively. The results from the iBRA study showed a higher 

complication rate in synthetic mesh compared to biologic mesh and submuscular (238). Unpublished 

data from Edinburgh of their ten-year experience performing over 700 mesh assisted immediate implant 

based reconstructions demonstrates comparative complication rates between ADMs however a 

significantly higher complication rate when using one particular synthetic mesh (270). Many ADMs are 

introduced to the UK market with minimal safety and long-term data. This study supports the use of 

Strattice™ with the most comprehensive short and long-term outcome data of all xenogenic ADMs. 

 

The number of pre-pectoral reconstructions performed in this cohort was small so it was difficult to make 

any meaningful comparison. However, this technique has gained popularity in the past four years with 

centre one already performing over 500 pre-pectoral reconstructions. It would be useful to compare the 

short and long-term outcomes of pre-pectoral and sub pectoral Strattice™-assisted reconstructions. 
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Dermal sling and dermal sling with Strattice™ were excluded from the study as the numbers were small 

and we did not want too many variables and confounding factors but we appreciate both techniques 

are now common practice and comparative outcomes also need to be considered.    

 

In summary, this study provides the most robust UK evidence that there is a reduced incidence of 

capsular contracture in Strattice™ reconstructions compared to a submuscular technique. However, 

the difference was not as great as expected. Although it appears more Strattice™ reconstructions are 

treated for suspected postoperative complications this does not transpire to a significant increase in 

implant loss or the most problematic long-term complication of capsular contracture. Other benefits of 

Strattice™ reconstruction include improved aesthetic outcomes. 
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4.  Results: Capsule Study – a comparison of capsule in patients 

undergoing subpectoral breast reconstruction with implant and 

porcine acellular dermal matrix 

4.1 Summary of methods 

Patients who were undergoing revision surgery after implant-based reconstruction with Strattice™ were 

recruited to have biopsies taken from the native capsule, where the implant lay beneath pectoralis 

muscle and from the capsule associated with the ADM, where the implant lay beneath the Strattice™. 

The capsule was then analysed with histology and immunohistochemistry stains.    

4.2 Study group demographics 

Seven patients were recruited to the study (Table 31), five were bilateral cases who had both breast 

reconstructions biopsied. A total of 12 breast implant capsules were analysed. The original mastectomy 

and reconstruction was performed for risk reduction in eight of the capsules examined. Prior to this 

procedure where the biopsies were taken, two had undergone evacuation of haematoma after the initial 

reconstruction surgery and two had revision surgery to upsize the implants. Textured implants were 

used in 11 cases and polyurethane in one. No reconstruction received adjuvant radiotherapy. 

 

Table 31 Patient demographics of the seven patients recruited to the Capsule study, comparing the capsule in 
patients with a sub-pectoral breast reconstruction with implant and Strattice™  

 n=7 

Mean age [range] (years) 43 [33 – 62] 

Mean BMI [range]                      24.2 [19.5 – 30.2] 

Smoking status      

     Smoker 0 

     Non-smoker 7 

Diabetes 0 

History of abnormal scarring 0 

Previous chest wall radiotherapy 0 

 

The current procedure where biopsies were taken was the planned second stage of reconstruction 

(exchange of tissue expander for fixed volume implant) in five breasts and a revision procedure in seven 

(five for animation and two for patient request to upsize).  The median time from their last procedure 

was six months (range five – 81.5 months) (Table 32). The participants were examined on the day of 

the procedure, ten reconstructions had a Baker I capsule and two a Baker II capsule (164). The mean 

tonometry reading was 5.8 (range 5.1 – 6.4) for the Baker I capsules and 5.2 (range 4.3 – 6.1) for the 

Baker II capsules.  
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Table 32 Implant data per patient. Implant duration is the time from previous surgery (where current implant was 
inserted) to current procedure (where the biopsies were taken as part of the Capsule Study)  

Patient 

Number 

(laterality) 

Implant inserted with Strattice at 

original subpectoral reconstructive 

surgery 

Type (brand) 

Implant inserted during further 

revision surgery prior to capsule 

biopsies taken 

Implant 

duration 

(months) 

1 (B/L) Textured TE (Nagor™) N/A 6 

2 (B/L) Textured TE (Nagor™) N/A 6 

3 (B/L) Textured implant (Nagor™) N/A 54 

4 (B/L) Textured implant (Nagor™) N/A 6 

5 (R) Textured TE (Allergan) N/A 5 

6 (B/L) Textured Becker (Mentor®)  Textured implant (Nagor™) 81 

7 (R) Polyurethane implant (Silimed®)  N/A 24 

B/L= bilateral, R= right, N/A= not applicable 

 

4.3 Comparison of native capsule with ADM capsule using histology 

All analysis was performed within the three layers of the capsule, demonstrated in figure 46 and 

described in detail on page 35. Tissue beyond this e.g. subcutaneous fat or muscle if present was not 

analysed. 

 

 

 

 

 

 

 

 

 

Figure 46 Representative image of breast implant capsule demonstrating the three layers of the capsule where 

analysis was performed. Inner layer, surface in contact with the implant, a thin synovial-like metaplasia, middle 

layer highly cellular with internal vascular supply and outer layer of connective tissue rich in collagen fibres 

 

Inner 

Outer 

Middle 
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4.3.1 Haematoxylin & Eosin staining 

Fibrosis 

The extent of fibrosis, defined using H&E staining as eosin (pink) stained stroma was scored on a scale 

of 0 (none), 1 (mild density <25%), 2 (moderate density >25% - 75%) and 3 (severe density >75%), 

based on the density of fibrous compared to non-fibrous stroma such as fat. Thickness (mm) of the 

fibrosis was also measured. 

 

The extent of fibrosis was less in the native capsule (mean 1.79 ± 0.14 (SEM)) than the ADM capsule 

(mean 2.79 ± 0.11 (SEM)), p<0.001. The thickness of fibrosis was also lower in the native capsules 

(mean 1.72mm ± 0.2 (SEM) vs. 3.61mm ± 0.78 (SEM), p=0.02) (Figure 47). 

 

a.              b.          

 

 

 

 

 

 

 

 

 

 

Figure 47 Photomicrographs of H&E staining demonstrating extent of fibrosis, comparing (a) native capsule, score 
2, 2.5mm with (b) ADM capsule, score 3, 11mm. Magnification x100 (*surface in contact with implant) Black arrows 
indicating the area of fibrosis.  

Inflammation 

Inflammation, defined as the presence of acute (neutrophils) or chronic (lymphocytes, eosinophils, 

macrophages and multinucleated giant cells) inflammatory cells was scored on a scale of 0 (none), 1 

(mild – few scattered inflammatory cells with space between each cell), 2 (moderate – increased 

numbers of inflammatory cells with some areas of densely packed inflammatory cells but adjacent areas 

of inflammation having space between the inflammatory cells) and 3 (severe – densely packed 

inflammatory cells with little intervening stroma between cells).  

Perivascular inflammation, defined as presence of inflammatory cells surrounding blood vessels was 

also scored on the same scale as above. 

 

There were no acute inflammatory cells identified in either the native or ADM capsules. 

 

 

 

* * 
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There was no difference in the severity of inflammation between the native capsule (mean score 1 ± 

0.28 (SEM)) and ADM capsule (1 ± 0.21 (SEM)), p=1. The location of the inflammation present was 

different between the two groups. In 87.5% of the native capsules the inflammation was present in the 

inner layer and 80% of the ADM capsules in the middle or outer layer (p=0. 02)(Figure 48). There was 

no difference in the severity of perivascular inflammation between the native capsule (mean score 0.58 

± 0.19 (SEM)) and ADM capsule (0.73 ± 0.27 (SEM)), p=0.34 (Figure 48). 

 

 

a.             b. 

 

 

 

 

 

 

 

 

 

c.¶               d.¶ 

c.              d. 

 
Figure 48 Photomicrographs of H&E staining demonstrating severity and location of inflammation comparing (a) 
native capsule x100 (b) x200, score 2 for inflammation present in the inner layer (arrow A) with (c) ADM capsule 
x100 (d) x200, scored 1 for inflammation present in the outer layer (arrow B) (*surface in contact with implant) 

 

 

 

 

 

 

* * 

* * 

* 

A 
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Figure 49 Semi quantitative analysis of native capsule and ADM capsule displaying mean levels of fibrosis and 
inflammation. There was greater extent of fibrosis (p<0.001) and greater thickness of fibrosis (p=0.02) in the ADM 
capsules.  
(*p<0.05 **p<0.01) 

Vascularity 

Blood vessels were identified as endothelial lined structures containing blood constituents (red blood 

cells with scattered white blood cells) and manually counted in the two most abundant areas at 

magnification x20 (0.75mm field diameter). A mean of the two counts was taken per capsule.  

 

There was numerically higher mean blood vessel density in the native capsules (mean count of 38 ± 4 

(SEM)) compared to the ADM capsules (mean 23 ± 6 (SEM)), p=0.1 (Figure 50). 

 

a.¶                                                                      b. 

 

 

 

 

 

 

 

 

 

 

Figure 50 Photomicrographs of H&E staining demonstrating blood vessel density comparing (a) native capsule, 
count 63 with (b) ADM capsule, count 3 x200. Example blood vessels are demonstrated by black arrows. We found 
more blood vessels in the native capsule but given the small sample size this did not approach significance. 
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Cellularity 

Fibroblasts were identified by their classical spindle-like, slim, oval, elongated nuclear features and 

manually counted in the two most abundant areas at magnification x40 (0.50mm field diameter). A mean 

was taken of the two counts per capsule. 

  

There was no difference in the fibroblast cellularity as assessed using H&E staining between the native 

and ADM capsules (native capsule mean count 117 fibroblasts ± 9 (SEM), ADM capsule mean count 

97 ± 14 (SEM), p=0.26), figure 51. 

a.            b. 

 

 

 

 

 

 

 

 

 

 

c.                                                                       d. 

 

 

 

 

 

 

 

 

 

 

Figure 51 Photomicrographs of H&E staining demonstrating fibroblast cellularity comparing (a) native capsule, 
count 116 with (b) ADM capsule, count 107, magnification x400 (c) native capsule and (d) ADM capsule, 
magnification x200. Example fibroblasts are demonstrated by black arrows. We found no difference in fibroblast 
cellularity between the native capsule and ADM capsule. 
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Synovial-like metaplasia 

A layer of synovial like metaplasia was present in 92% of the native capsules compared to 50% of the 

ADM capsules, p=0.017. The thickness of this layer was much greater in the native capsules, mean 

0.33mm ± 0.07 (SEM) compared to 0.07 ± 0.01 (SEM) in the ADM capsules (Figure 52). 

The degree of synovial like metaplasia villous hyperplasia (scored on a scale of 1=mild to 3=severe) 

was greater in the native capsules (mean score of 1.7 ± 0.25 (SEM) in the native capsules and 1 ± 0.15 

in the ADM capsules, p=0.002). 

 

a.                                                                                 b. 

 

Figure 52 Photomicrographs of H&E staining demonstrating presence of synovial like hyperplasia in (a) native 
capsule, demonstrated by black arrow and (b) absence of the synovial like hyperplasia layer in the ADM capsule 
x40 magnification (*surface in contact with implant) 

 

4.3.2 Herovici staining to compare ratio of mature (collagen I) to immature (collagen III) collagen  

The herovici stain was analysed using Definiens Tissue Studio®, an automated system which is pre-

trained to detect the percentage of red stain (collagen I) and blue stain (collagen III) within the specimen. 

 

There was a higher ratio of mature to immature collagen in the ADM capsule (native capsule mean 1.06 

± 0.33 (SEM) and ADM capsule mean 4.34 ± 1.55 (SEM), p=0.09) (Figure 53).  

When subgroup analysis was performed on capsules <2 years in age (n=7) the ADM capsules had a 

higher ratio of mature to immature collagen than the native capsule (native capsule mean 0.5 ± 0.17 

(SEM) and ADM capsule mean 4.05 ± 2.0 (SEM), p=0.14). The only ADM capsule which had a higher 

proportion of immature collagen was biopsied at 5 months. 

In capsules >2 years in age (n=5), again the ADM capsules had a higher ratio of mature to immature 

collagen than the native capsule (native capsule mean 1.73 ± 0.58 (SEM) and ADM capsule mean 4.69 

± 2.66 (SEM), p=0.4). The only native capsule which demonstrated a higher proportion of mature 

collagen was biopsied at 54 months from insertion of the implant.  

 

 

 

 

* * 
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a.        b. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 53 Photomicrographs of Herovici staining comparing (a) native capsule with a ratio of mature to immature 
collagen of 0.14 and (b) ADM capsule with a ratio of mature to immature collagen of 10.21 at six months of age. 
The red stain demonstrates the mature collagen I, the blue stain represents the immature collagen III and yellow 
stain represents cytoplasm. Magnification x10 (*surface in contact with implant) 

4.3.3 Elastin Van Gieson staining 

Elastin was semi quantitatively analysed using a score of 0 (none), 1 (occasional elastin fibres with non-

elastin stroma between the elastin fibres), 2 (scattered elastin fibres with non-elastin stroma between 

the elastin fibres), 3 (increased amounts of elastin fibres with occasional areas of densely packed elastin 

fibres but moderate areas of non-elastin stroma between the elastin fibres), 4 (densely packed elastin 

fibres with little non-elastin fibres between the elastin fibres).  

 

Overall, there was no difference in the amount of elastin between the native capsules (mean 2.42 ± 

0.29 (SEM)) and ADM capsules (mean 2 ± 0.42 (SEM)), p=0.49. The elastin was present in the deep 

layer in all specimens. When subgroup analysis was performed on capsules <2 years in age (n=7) and 

capsules >2 years in age (n=5), there was a possible trend for increased elastin in the younger ADM 

capsules (mean 2 ± 0.38 (SEM) native capsules and mean 2.8 ± 0.58 (SEM) in ADM capsules, p=0.14). 

In the older capsules, there was a higher proportion of elastin in the native capsule, mean score of 3 ± 

0.32 (SEM) compared to a mean of 1.2 ± 0.38 (SEM) in the ADM capsules, p=0.009 (Figure 54). 

 

 

 

 

 

 

 

 

 

* * 
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a.¶               b.  

 

 

 

 

 

 

 

 

 

 

 

 

c.               d. 

 

 

 

 

 
 

 

 

 

 
Figure 54 Photomicrographs of Elastin Van Geison staining for elastin comparing (a) native capsule, scored 2 with 
(b) ADM capsule, scored 4, <2 years in age, demonstrating increased elastin in the ADM capsule, magnification 
x200 and (c) native capsule, scored 4 with (d) ADM capsule, scored 1, >2 years in age, demonstrating decreased 
elastin in the ADM capsules, magnification x200. Elastin fibres demonstrated by black arrows 

 

4.4 Comparison of native capsule with ADM capsule using 

immunohistochemistry 

4.4.1 Collagen I and collagen III staining 

Collagen I, identified using rabbit anti-collagen I antibody and collagen III, identified using mouse anti-

collagen III antibody, was semi-quantitatively analysed using a combined score of intensity of the stain 

(0 (none), 1 (weak), 2 (moderate), 3 (strong)) and distribution of the stain (0 (none), 1 (patchy), 2 

(diffuse)). 

 

There was no difference in the score for Collagen I when comparing the native capsule (mean 2.58 ± 

0.22 (SEM)) to ADM capsule (mean 2.86 ± 0.19 (SEM)), p=0.51, (Figure 55). When subgroup analysis 

was performed on capsules <2 years in age (n=7), no difference was found between the native (mean 

2.83 ± 0.33 (SEM)) or ADM capsule (mean 2.75 ± 0.31 (SEM)), p=0.9).  
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No difference was found in capsules >2 years in age (n=5), (mean 2.3 ± 0.34 (SEM) native capsule and 

mean 3 ± 0.22 (SEM) in ADM capsule, p=0.12). 

 

There was no difference in the score for Collagen III when comparing the native capsule (mean 3.33 ± 

0.24 (SEM)) to ADM capsule (mean 3.15 ± 0.22 (SEM)), p=0.51. When subgroup analysis was 

performed on capsules <2 years in age (n=7), no difference was found between the native (mean 3.4 ± 

0.37 (SEM)) or ADM capsules (mean 3.3 ± 0.34 (SEM)), p=0.7. No difference was found in capsules 

>2 years in age (n=5), (mean 3.1 ± 0.46 (SEM) native capsules and mean 3 ± 0.32 (SEM) in ADM 

capsules, p=0.62). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 55 Semiquantitative analysis of collagen I and III stain comparing native capsule and ADM capsule at all 
time points from implant insertion, early (<2 years) and late (≥2 years). All scored from 0 - 5 (intensity (0 (none) to 
3 (strong)) + distribution (0 (none) to 2 (diffuse)). No differences were demonstrated.    
 
 

4.4.2 Alpha smooth muscle actin (a-SMA) stain for myofibroblasts 

Myofibroblasts were detected using mouse anti—smooth muscle actin antibody. From each specimen, 

a mean was taken of the percentage of positively stained fibroblasts in the two most abundant areas, 

magnification x40 (0.75mm field diameter).  

 

The percentage of myofibroblasts was greater in the ADM capsule (46.7 ± 9.6 (SEM)) compared to the 

native capsule (22.8 ± 6.3 (SEM)), p=0.04 (Figure 56). When subgroup analysis was performed on 

capsules <2 years in age (n=7), no difference was found between the native (mean 32.3 ± 8.3 (SEM)) 

or ADM capsule (mean 50.4 ± 13.0 (SEM)), p=0.19). No difference was found in capsules >2 years in 

age (n=5), (mean 9.4 ± 6.4 (SEM) native capsule and mean 41.5 ± 15.7 (SEM) in ADM capsule, p=0.15). 

Collagen I Collagen III 
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When comparing the native capsules alone, the percentage of myofibroblasts in the younger capsules 

was greater than in the older capsules (mean 32.3 ± 8.3 (SEM) vs. 9.4 ± 6.4 (SEM), p=0.07). There 

was no difference between the younger (mean 50.4 ± 13.0 (SEM)) and older (mean 41.5 ± 15.7 (SEM)) 

ADM capsules, p=0.67. 

 

a.                                                                               b. 

 

 

 

 

 

 

 

 

 

 

c.                                                                               d. 

 

Figure 56 Photomicrographs of a-SMA stain for myofibroblasts comparing (a) native capsule, count 25% and (b) 
ADM capsule, count 82.5% magnification x400 and (c) native capsule and (d) ADM capsule Magnification x100 
Example fibroblasts demonstrated by black arrows (*surface in contact with implant). We found higher 
percentage of myofibroblast in the ADM capsules. 

 

4.4.3 Fibronectin 

Fibronectin, identified using rabbit anti-fibronectin antibody, was semi-quantitatively analysed using a 

combined score of intensity of the stain (0 (none), 1 (weak), 2 (moderate), 3 (strong)) and distribution 

of the stain (0 (none), 1 (patchy), 2 (diffuse)). Each layer of the capsule was analysed then a total score 

given. 

 

* * 



150 
 

Fibronectin was present predominantly in the inner and middle layer of the capsule in both the native 

and ADM capsule. There was no difference between the total scores of the native capsule (mean 6.4 ± 

0.43 (SEM) and ADM capsule (mean 6.25 ± 0.73 (SEM), p=0.12 (Figure 58). There was no difference 

in the inner (native capsule, mean 3.01 ± 0.08 (SEM) and ADM capsule, mean 2.75 ± 0.25 (SEM), 

p=0.33), middle (native capsule mean, 2.33 ± 0.19 (SEM) and ADM capsule, mean 2.36 ± 0.31 (SEM), 

p=0.78) or outer (native capsule mean, 1 ± 0.3 (SEM) and ADM capsule mean, 1 ± 0.33 (SEM), p=0.84) 

layer of the capsule (Figure 57).  

 

When subgroup analysis was performed on capsules <2 years in age (n=7) and capsules >2 years in 

age (n=5), there was no observed difference between the native and ADM capsules. 

 

  

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 57 Semi quantitative analysis of fibronectin comparing native capsule and ADM capsule in total and within 
the three layers of the capsule. Each layer scored from 0 - 5 (intensity (0 (none) to 3 (strong)) + distribution (0 
(none) to 2 (diffuse)) and a total given. No differences were demonstrated between the native and ADM capsule 
but the fibronectin was most abundant in the inner and middle layers of both capsules. 
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a.                      b. 

 

 

 

 

 

 

 
 
 
 
 
 
Figure 58 Photomicrographs of fibronectin stain comparing (a) native capsule, scored 5 and (b) ADM capsule, 
scored 6, magnification x100 (*surface in contact with implant). Demonstrating no difference in quantity of 
fibronectin between the native and ADM capsule and most abundant in the inner and middle layers of both 
capsules.  

  

* * 
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4.6 Discussion 

This study has compared the breast implant capsule deep to pectoralis (native capsule) and for the first 

time deep to a porcine ADM (ADM capsule) to illicit differences in key markers of inflammation and 

fibrosis in order to improve our understanding of how ADM affects capsule formation in implant based 

breast reconstruction. 

 

There was no difference in the severity of inflammation between native and ADM capsules in our study, 

unlike two previous studies which showed less inflammation in ADM capsules compared to native. 

However, in these studies the ADM was human, unlike our porcine ADM (243, 245). This may be 

secondary to the difference in composition of human and xenogenic ADMs along with their different 

processing and sterilization techniques. Although the products are marketed as an acellular scaffold for 

the host tissues to incorporate in to, and the aim of the manufacturing process is to remove antigenic 

epitopes which may incite an inflammatory response, SurgiMend is still identifiable as bovine tissue 

immunohistochemically (215). Other studies have demonstrated the presence of nucleated cells within 

the matrix and in-vitro differences in cytocompatibility where certain ADMs more readily support cell 

growth (290, 291). Both the previous human ADM studies assessed the capsule at an earlier time frame 

(mean 4.4 months, maximum 10 months and mean 5.6 months, maximum 13 months respectively) 

compared to this study which measured at a longer mean time of 27.8 months (maximum 81.5 months) 

(243, 245). Given capsular contracture occurs over time it may be that the ADM slows down capsular 

contracture as oppose to completely prevents it.  

 

Inflammation was present in the middle and outer layers of the capsule in the ADM group compared to 

the inner layer in the native group, suggesting that the foreign body reaction is occurring at the skin flap 

and ADM interface as oppose to the implant ADM interface. This finding would support the theory ADMs 

reduce capsular contracture by acting as a barrier between the native tissues and implant.  

 

Although other studies have found reduced fibroblast cellularity in the ADM capsule (243), our current 

study shows no difference. This may be again due to the earlier time points of 4.4 months (mean) at 

which the biopsies were taken compared to 27.8 months in this study. Increased cellular infiltration is 

also seen as part of integration of the ADM (201) therefore the difference seen in this study may be 

representative of integration as oppose to an increase in the foreign body reaction.  

 

Angiogenesis is also a sign of host tissue regeneration and integration of the ADM (201). This is likely 

to account for the little difference seen in vascularity between the two capsules at a longer mean time 

of 27.8 months from implant and ADM insertion in this study, compared to a decreased vascularity in 

the ADM group in other studies with a shorter mean time of 4.4months (243, 244) and 5.6 months (292) 

from implant and ADM insertion. 
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Characteristically capsules have three layers; the inner highly cellular synovial like metaplasia layer, 

middle highly cellular within loosely arranged connective tissue layer and outer dense connective tissue 

rich in collagen fibres layer. Within the ADM capsules, 50% did not have the inner layer which 

corresponds with analysis from capsules of SurgiMend (foetal bovine dermis) assisted reconstructions 

(215). This suggests a reduced foreign body response at the ADM-implant interface compared to the 

native tissue-implant interface. Further supporting this theory, in the 50% where an inner layer was 

present there was a significantly lower degree of synovial like metaplasia villous hyperplasia in the ADM 

capsule. This layer was thinner in the ADM capsule, 0.07mm compared to 0.33mm in the native 

capsule, although there is no evidence to suggest correlation between thickness of the capsule and 

degree of contracture. This inner synovial like metaplasia layer disappears with time in breast capsules 

(103). Synovial like metaplasia has also been found in other healing skin and soft tissues suggesting it 

is a component of the earlier phases of wound healing. The foreign body reaction may be at a later 

phase in the ADM capsules than the native capsules which is why it is not present in over 50%. Or the 

reduced vascularity in this area may lead to a less intensive response. Movement is an important factor 

in the formation of synovial metaplasia (293). Breast implants are not static within the created pocket. 

However, there may be reduced movement in the lower pole fixed with ADM compared to the upper 

pole covered by pectoralis muscle, hence reduced synovial like metaplasia in the ADM capsules. There 

is the possibility that this layer was never present in the ADM capsule however without serial testing of 

the same capsules it is impossible to know.   

 

The foreign body reaction consists of a number of stages starting from the first minutes after the initial 

insult continuing potentially for the lifetime of the inserted device, whether in an active or dormant state. 

During the granulation phase the tissue formed is largely composed of collagen III (immature collagen). 

Over the following weeks to months the granulation tissue is degraded and remodelled to form the final 

fibrotic capsule. Collagen I (mature collagen) is the predominant composite of this fibrotic capsule. This 

study demonstrated younger ADM capsules (less than two years) may have a greater proportion of 

mature collagen than younger native capsules which may suggest that the foreign body reaction is 

occurring in the ADM capsules over a shorter time period and is not actually delayed, which has 

previously been hypothesised. It is potentially occurring over a shorter duration and ends forming a 

mature ‘final’ capsule. The only native capsules demonstrating a greater proportion of mature collagen 

were biopsied almost five years from implantation suggesting at the native tissue implant interface the 

foreign body reaction is more intense and over a longer duration. Although investigating biofilms on 

subpectoral capsules, ADM capsules and implant shells, Poppler et al. also demonstrated a stable 

higher mean ratio of collagen I to III in the ADM capsules in both younger and older capsules (112). On 

clinical assessment, using Baker grade, there were no differences between the capsules of varying 

ages from six months to five years, suggesting that there is no further ongoing reaction at the ADM – 

implant interface and the foreign body reaction remains dormant, hence the reduction in capsular 

contracture. Further long-term clinical follow-up of the cohort and assessment of larger numbers would 

strengthen this conclusion. 
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We report elastin in the outer layer of the capsule in native and ADM capsules, consistent with a 

previous study of non-contracted capsules (248). This contrasts with a study of contracted capsules, 

where elastin was seen in the inner layer of the capsule (135). However, in our study, only two 

reconstructions had grade II capsules. We found no significant difference in elastin content between 

the native and ADM capsules but slightly increased elastin content in the ADM capsules less than 2 

years in age, similar to other published data (248). A higher elastin content in the native capsules greater 

than two years in age may again support the theory that the foreign body reaction is still ongoing and 

has not reached the later phase of a ‘matured wound’ that the ADM capsules have reached. In skin and 

scarring as a wound heals and collagen increases, elastin decreases (98). 

 

The percentage of myofibroblasts was significantly higher in the ADM capsules which differs to that 

published in the literature, where either decreased numbers (244, 245) or no difference in numbers 

(248) was found when comparing human ADM and native capsules. This study is the first to quantify 

myofibroblasts in porcine ADM which may account for the differences seen, as previously discussed, 

the differences in composition and manufacturing techniques can affect the native tissue response.  

During the later phases of wound healing the ratio of myofibroblasts to fibroblasts initially increases 

before reducing by apoptosis (294). The ADM capsules have a higher percentage of myofibroblasts 

suggesting they have reached this later phase. In breast augmentation capsules the average time from 

implantation to finding a capsule negative for myofibroblasts is 5 years (106). During the earlier 

granulation phase of the foreign body reaction there are very few myofibroblasts present (89) and 

composition is largely collagen III. Our findings would suggest the native capsules have reached this 

phase, again proposing the foreign body reaction occurs over a longer duration at the implant-native 

tissue interface. When ADMs are inserted into the body they become recolonized with fibroblasts and 

myofibroblasts, along with other cells (201). Increased cellular infiltration has been found to correlate 

with a greater degree of ADM remodelling (290) which could also account for an increase in 

myofibroblasts within the ADM capsule. Although hypothesized that myofibroblasts play a role in 

capsular contracture, myofibroblast numbers are not shown to correlate with grades of capsular 

contracture (106). In ADMs, myofibroblasts may have a physiological but not pathological role. These 

results support findings in a mouse model comparing capsules of implants wrapped in Strattice™ where 

a rich myofibroblast layer initially increased until 12 weeks then steadily decreased to baseline levels 

(3 weeks) by 52 weeks (242, 295).  The biopsy however gives a snap shot of one time point only and 

other factors could at that point have caused an increase in myofibroblasts which has no clinical 

significance.  

 

Fibronectin, an adhesive protein with a significant role in cell adhesion, growth, migration and 

differentiation (296) has previously been found in the inner capsule layer (101). In this current study, 

fibronectin was predominantly found in the inner and middle layers of both native and ADM capsule. 

There was no difference between the presence of fibronectin within ADM compared to native capsules.  
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Fibronectin binds to type III collagen rather than other types (297) however no differences were 

observed in the capsules with a higher collagen III ratio. Dysregulation of fibronectin is associated with 

fibrosis therefore differences maybe be observed in contracted breast capsules. 

 

The native capsules and ADM capsules were matched as both sets of biopsies were taken from the 

same patient, reducing confounding factors. All of the implants were textured except for one 

polyurethane therefore it is impossible to make any assumptions on difference between implant surface. 

The only notable difference was a higher fibroblast count in the polyurethane capsule which was greater 

than 2 years in age compared to the textured capsules also greater than two years in age. In animal 

models polyurethane coated implants have been associated with a more intense foreign body reaction 

and myofibroblasts presence (190, 191) but there is no published literature comparing capsules in ADM 

reconstruction with polyurethane implants. Two of the bilateral cases had a post-operative haematoma 

in one breast requiring evacuation, no differences were seen in either the ADM or native capsules 

between each breast in these two participants to suggest the presence of a haematoma may influence 

the capsule. 

 

The main weaknesses of this study are the small sample size and the single time point of the biopsies, 

although this study has a much longer time range from implantation than other published work.  The 

gold standard design would be serial sampling of the same capsules however this is not clinically or 

ethically possible. We used a semi-quantitative scoring system to analyse the stains by a blinded 

pathologist with over 20 years of experience in breast pathology which was further validated by another 

pathologist with over 85% agreement. We considered the automated image-analysis system such as 

Definiens Tissue Studio® not to be standard practice and with the possibility of false results due to 

artefactual staining being inappropriately analysed and user errors we deemed a highly experienced 

histopathologist to be more reliable. 

The availability of contracted capsules within the study sample would have given the opportunity to 

draw further conclusions on how ADM may prevent capsular contracture in implant based breast 

reconstruction.  

In summary, compared to native capsules, ADM capsules demonstrated: 

• a thicker more extensive middle/outer fibrotic layer  

• reduced inner, synovial like metaplasia layer 

• A higher ratio of collagen I (mature) to collagen III (immature)  

• Greater percentage of myofibroblasts 

• Less elastin in capsules greater than 2 years in age 

This study provides preliminary evidence to suggest ADMs may reduce capsular contracture by creating 

a barrier between the native tissues and implant, leading to a shorter, less intense foreign body 

response which remains dormant over time. Any results from this study should be interpreted with 

caution given the small sample size and would require revalidation in a follow-up study. 
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5. Conclusions 

5.1 Conclusions 

The BROWSE study has demonstrated equivalent implant loss in Strattice™-assisted and 

submuscular implant based breast reconstruction despite an increase in treatment for post-operative 

infection and wound dehiscence. The change in practice to a more aggressive approach in the 

management of post-operative complications with an increase in return to theatre rate is likely to 

account for these findings. Through an unbiased clinical assessment of both Strattice™-assisted and 

submuscular reconstructions we demonstrated a trend towards a lower rate of capsular contracture in 

Strattice™-assisted reconstructions, although not as low as expected. Further supporting these 

findings in the larger cohort, was a significantly lower rate of revision surgery for capsular contracture 

in the Strattice™-assisted reconstructions. Improved aesthetic outcomes were exhibited in the 

Strattice™-assisted reconstructions as assessed by a blinded breast surgeon, breast care nurse and 

lay person. Despite the positive findings in Strattice™-assisted reconstructions there were no 

differences elicited in patient reported outcomes between Strattice™–assisted and submuscular 

reconstructions. 

 

The Capsule study has demonstrated both short and long-term differences in capsule composition 

between native and porcine ADM capsules based on histology and immunohistochemistry techniques. 

The findings in the ADM capsules of, a thicker more extensive middle/outer fibrotic layer, reduced inner, 

synovial like metaplasia layer, a higher ratio of collagen I (mature) to collagen III (immature), a greater 

percentage of myofibroblasts and less elastin in capsules greater than 2 years in age suggest ADMs 

may reduce capsular contracture by creating a barrier between the native tissues and implant, leading 

to a shorter, less intense foreign body response which remains dormant over time. 

 

In conclusion, the findings described in this thesis have provided much needed long-term outcome 

data to substantiate the benefits of reduced capsular contracture and improved aesthetic outcomes in 

ADM-assisted reconstruction. This, together with preliminary scientific evidence of how ADMs impact 

constituents of the foreign body response suggest ADMs may play a successful role in the prevention 

and management of capsular contracture. 

 

5.2 Limitations of the work 

The main limitations of the BROWSE Study are the retrospective data collection of complication data 

and large differences in numbers of submuscular reconstructions performed across the three centres 

which may have skewed the data. Ideally all patients should have completed a pre-reconstruction 

BREAST-Q to allow the post-operative data to be analysed against baseline scores. 

This study only considered the outcomes with the use of Strattice™, a porcine dermis however many 

other ADM products are available on the UK market and are being used in clinical practice without 



157 
 

any long-term data but evidence of short-term success. It is difficult to know whether the results of this 

study will be applicable to other ADMs.  

Since embarking on this research surgical practice has evolved with many different techniques being 

introduced and popularised; including pre-pectoral reconstruction and ADM and dermal sling 

reconstructions which prevent lifting the pectoralis muscles at all. The number of pre-pectoral 

reconstructions in this cohort was very small (<5%) and from one centre therefore no meaningful data 

could be extrapolated. 

 

The main limitation to the Capsule Study is the small sample size, especially of capsules of more than 

two years since insertion of the implant (n=5). Although the aetiology of capsular contracture remains 

uncertain we do know it increases with time in both augmentation and reconstruction without ADM 

use (46) therefore the older the capsule the more differences we may have elicited between native 

and ADM capsules. The differences demonstrated should also be validated with gene and protein 

analysis although this was beyond the scope of the available resources for this project. It would also 

be beneficial to compare native and ADM capsules of contracted capsules (Baker III/IV) but during the 

recruitment period of this study no cases were available.  

   

5.3 Recommendations for future work 

This study has provided the most robust UK evidence of long-term outcomes in sub-pectoral 

Strattice™-assisted reconstructions compared to a submuscular technique however there has now 

been evolvement of surgical techniques towards pre-pectoral ADM reconstructions or pre-pectoral 

ADM/dermal sling reconstruction. The pre-bra study is underway to establish the safety and 

effectiveness up to 18 months of pre-pectoral reconstruction (298). Therefore, future work should 

include a study of long-term outcomes using these techniques. The most robust way would be to 

perform a randomised control trial however given the huge popularity of such techniques I believe it 

would be very difficult to recruit to from both a surgeon and patient perspective and a prospective 

cohort study design would be more successful.  

 

The Capsule study provided preliminary scientific evidence of how ADMs may reduce capsular 

contracture in breast reconstruction using histology and immunohistochemistry techniques. These 

findings need to be further validated with gene and protein analysis. Further work should also include 

RNA sequencing to identify new dysregulations which may account for the differences in clinical 

outcome. This work should be performed on older and contracted native and ADM breast capsules 

also.   



158 
 

6. References  

1. BreastCancerNow.  [Available from: http://breastcancernow.org/about-breast-cancer/what-
is-breast-cancer/breast-cancer-statistics. 
2. CancerResearchUK.  [Available from: http://www.cancerresearchuk.org/health-
professional/cancer-statistics/worldwide-cancer/incidence#heading-One. 
3. van Dongen JA, Voogd AC, Fentiman IS, Legrand C, Sylvester RJ, Tong D, et al. Long-term 
results of a randomized trial comparing breast-conserving therapy with mastectomy: European 
Organization for Research and Treatment of Cancer 10801 trial. J Natl Cancer Inst. 2000;92(14):1143-
50. 
4. Veronesi U, Cascinelli N, Mariani L, Greco M, Saccozzi R, Luini A, et al. Twenty-year follow-up 
of a randomized study comparing breast-conserving surgery with radical mastectomy for early 
breast cancer. N Engl J Med. 2002;347(16):1227-32. 
5. Fisher B, Anderson S, Bryant J, Margolese RG, Deutsch M, Fisher ER, et al. Twenty-year 
follow-up of a randomized trial comparing total mastectomy, lumpectomy, and lumpectomy plus 
irradiation for the treatment of invasive breast cancer. N Engl J Med. 2002;347(16):1233-41. 
6. Clough KB, Lewis JS, Couturaud B, Fitoussi A, Nos C, Falcou MC. Oncoplastic techniques allow 
extensive resections for breast-conserving therapy of breast carcinomas. Ann Surg. 2003;237(1):26-
34. 
7. Jeevan R, Cromwell DA, Trivella M, Lawrence G, Kearins O, Pereira J, et al. Reoperation rates 
after breast conserving surgery for breast cancer among women in England: retrospective study of 
hospital episode statistics. BMJ. 2012;345:e4505. 
8. Evans DG, Barwell J, Eccles DM, Collins A, Izatt L, Jacobs C, et al. The Angelina Jolie effect: 
how high celebrity profile can have a major impact on provision of cancer related services. Breast 
Cancer Res. 2014;16(5):442. 
9. Fernández-Delgado J, López-Pedraza MJ, Blasco JA, Andradas-Aragones E, Sánchez-Méndez 
JI, Sordo-Miralles G, et al. Satisfaction with and psychological impact of immediate and deferred 
breast reconstruction. Ann Oncol. 2008;19(8):1430-4. 
10. Oiz B. [Breast reconstruction and psychological benefit]. An Sist Sanit Navar. 2005;28 Suppl 
2:19-26. 
11. Eltahir Y, Werners LL, Dreise MM, van Emmichoven IA, Jansen L, Werker PM, et al. Quality-
of-life outcomes between mastectomy alone and breast reconstruction: comparison of patient-
reported BREAST-Q and other health-related quality-of-life measures. Plast Reconstr Surg. 
2013;132(2):201e-9e. 
12. Jeevan R, Cromwell DA, Browne JP, Caddy CM, Pereira J, Sheppard C, et al. Findings of a 
national comparative audit of mastectomy and breast reconstruction surgery in England. J Plast 
Reconstr Aesthet Surg. 2014;67(10):1333-44. 
13. Tansini I. Nuovo processo per l'amputazione della mammaella per cancre. Reforma Med. 
1896;12:3. 
14. Halsted WS. I. The Results of Operations for the Cure of Cancer of the Breast Performed at 
the Johns Hopkins Hospital from June, 1889, to January, 1894. Ann Surg. 1894;20(5):497-555. 
15. Olivari N. The latissimus flap. Br J Plast Surg. 1976;29(2):126-8. 
16. Muhlbauer W, Olbrisch R. The latissimus dorsi myocutaneous flap for breast reconstruction. 
Chir Plast. 1977;4:27-34. 
17. Mendelson BC, Masson JK. Treatment of chronic radiation injury over the shoulder with a 
latissimus dorsi myocutaneous flap. Plast Reconstr Surg. 1977;60(5):681-91. 
18. Mendelson BC. Latissimus dorsi breast reconstruction--refinement and results. Br J Surg. 
1983;70(3):145-9. 
19. Hartrampf CR, Scheflan M, Black PW. Breast reconstruction with a transverse abdominal 
island flap. Plast Reconstr Surg. 1982;69(2):216-25. 

http://breastcancernow.org/about-breast-cancer/what-is-breast-cancer/breast-cancer-statistics
http://breastcancernow.org/about-breast-cancer/what-is-breast-cancer/breast-cancer-statistics
http://www.cancerresearchuk.org/health-professional/cancer-statistics/worldwide-cancer/incidence#heading-One
http://www.cancerresearchuk.org/health-professional/cancer-statistics/worldwide-cancer/incidence#heading-One


159 
 

20. Allen RJ, Treece P. Deep inferior epigastric perforator flap for breast reconstruction. Ann 
Plast Surg. 1994;32(1):32-8. 
21. Leff DR, Bottle A, Mayer E, Patten DK, Rao C, Aylin P, et al. Trends in Immediate 
Postmastectomy Breast Reconstruction in the United Kingdom. Plast Reconstr Surg Glob Open. 
2015;3(9):e507. 
22. Critchley AC, Cain HJ. Surgical techniques in breast cancer: an overview. Surgery. 
2016;34(1):32-42. 
23. Goldwyn RM. The paraffin story. Plast Reconstr Surg. 1980;65(4):517-24. 
24. EDGERTON MT, McCLARY AR. Augmentation mammaplasty; psychiatric implications and 
surgical indications; (with special reference to use of the polyvinyl alcohol sponge ivalon). Plast 
Reconstr Surg Transplant Bull. 1958;21(4):279-305. 
25. Champaneria MC. A Complete History of Breast Reconstruction. In: Shiffman M, editor. 
Breast Reconstruction: Art, Science and New Clinical Techniques. Switzerland: Springer International 
Publishing; 2016. p. 3-39. 
26. Champaneria MC, Wong WW, Hill ME, Gupta SC. The evolution of breast reconstruction: a 
historical perspective. World J Surg. 2012;36(4):730-42. 
27. Nahai F, Bostwick J. Aesthetic aspects of breast reconstruction. Aesthetic Plast Surg. 
1982;6(2):61-7. 
28. Nava MB, Cortinovis U, Ottolenghi J, Riggio E, Pennati A, Catanuto G, et al. Skin-reducing 
mastectomy. Plast Reconstr Surg. 2006;118(3):603-10; discussion 11-3. 
29. della Rovere GQ, Nava M, Bonomi R, Catanuto G, Benson JR. Skin-reducing mastectomy with 
breast reconstruction and sub-pectoral implants. J Plast Reconstr Aesthet Surg. 2008;61(11):1303-8. 
30. Querci della Rovere G, Benson J, Breach N, Nava M. Oncoplastic & Reconstructive Surgery 
of the Breast: Taylor and Francis Group; 2004. 
31. Breuing KH, Warren SM. Immediate bilateral breast reconstruction with implants and 
inferolateral AlloDerm slings. Ann Plast Surg. 2005;55(3):232-9. 
32. Highton L, O'Ceallaigh S, Murphy J. Pre-pectoral implant placement with total acellular 
dermal matrix cover – A new technique for implant based breast reconstruction. European Journal 
of Surgical Oncology. 2015;41(6):S47. 
33. Reitsamer R, Peintinger F. Prepectoral implant placement and complete coverage with 
porcine acellular dermal matrix: a new technique for direct-to-implant breast reconstruction after 
nipple-sparing mastectomy. J Plast Reconstr Aesthet Surg. 2015;68(2):162-7. 
34. Bettinger LN, Waters LM, Reese SW, Kutner SE, Jacobs DI. Comparative Study of Prepectoral 
and Subpectoral Expander-Based Breast Reconstruction and Clavien IIIb Score Outcomes. Plast 
Reconstr Surg Glob Open. 2017;5(7):e1433. 
35. Chandarana MN, Jafferbhoy S, Marla S, Soumian S, Narayanan S. Acellular dermal matrix in 
implant-based immediate breast reconstructions: a comparison of prepectoral and subpectoral 
approach. Gland Surg. 2018;7(Suppl 1):S64-S9. 
36. Mirhaidari SJ, Azouz V, Wagner DS. Prepectoral Versus Subpectoral Direct to Implant 
Immediate Breast Reconstruction. Ann Plast Surg. 2020;84(3):263-70. 
37. Schaeffer CV, Dassoulas KR, Thuman J, Campbell CA. Early Functional Outcomes After 
Prepectoral Breast Reconstruction: A Case-Matched Cohort Study. Ann Plast Surg. 2019;82(6S Suppl 
5):S399-S403. 
38. Reitsamer R, Peintinger F, Klaassen-Federspiel F, Sir A. Prepectoral direct-to-implant breast 
reconstruction with complete ADM or synthetic mesh coverage - 36-Months follow-up in 200 
reconstructed breasts. Breast. 2019;48:32-7. 
39. Leonardis JM, Diefenbach BJ, Lyons DA, Olinger TA, Giladi AM, Momoh AO, et al. The 
influence of reconstruction choice and inclusion of radiation therapy on functional shoulder 
biomechanics in women undergoing mastectomy for breast cancer. Breast Cancer Res Treat. 2018. 



160 
 

40. Forthomme B, Heymans O, Jacquemin D, Klinkenberg S, Hoffmann S, Grandjean FX, et al. 
Shoulder function after latissimus dorsi transfer in breast reconstruction. Clin Physiol Funct Imaging. 
2010;30(6):406-12. 
41. Fischer JP, Wes AM, Tuggle CT, Serletti JM, Wu LC. Risk analysis of early implant loss after 
immediate breast reconstruction: a review of 14,585 patients. J Am Coll Surg. 2013;217(6):983-90. 
42. Fischer JP, Nelson JA, Kovach SJ, Serletti JM, Wu LC, Kanchwala S. Impact of obesity on 
outcomes in breast reconstruction: analysis of 15,937 patients from the ACS-NSQIP datasets. J Am 
Coll Surg. 2013;217(4):656-64. 
43. Rifkin WJ, Kantar RS, Cammarata MJ, Wilson SC, Diaz-Siso JR, Golas AR, et al. Impact of 
Diabetes on 30-Day Complications in Mastectomy and Implant-Based Breast Reconstruction. J Surg 
Res. 2019;235:148-59. 
44. Cordeiro PG, Albornoz CR, McCormick B, Hu Q, Van Zee K. The impact of postmastectomy 
radiotherapy on two-stage implant breast reconstruction: an analysis of long-term surgical 
outcomes, aesthetic results, and satisfaction over 13 years. Plast Reconstr Surg. 2014;134(4):588-95. 
45. Anker CJ, Hymas RV, Ahluwalia R, Kokeny KE, Avizonis V, Boucher KM, et al. The Effect of 
Radiation on Complication Rates and Patient Satisfaction in Breast Reconstruction using Temporary 
Tissue Expanders and Permanent Implants. Breast J. 2015;21(3):233-40. 
46. FDA Core Studies  [Available from: www.fda.gov/breastimplants. 
47. Lesavoy MA, Trussler AP, Dickinson BP. Difficulties with subpectoral augmentation 
mammaplasty and its correction: the role of subglandular site change in revision aesthetic breast 
surgery. Plast Reconstr Surg. 2010;125(1):363-71. 
48. Agency MaHPR. Breast implants and Anaplastic Large Cell Lymphoma (ALCL). Information for 
clinicians and patients. 2019 [Available from: https://www.gov.uk/guidance/breast-implants-and-
anaplastic-large-cell-lymphoma-alcl. 
49. FDA. Medical device reports of breast implant associated Analplastic Large Cell Lymphoma 
2019 [Available from: https://www.fda.gov/medical-devices/breast-implants/medical-device-
reports-breast-implant-associated-anaplastic-large-cell-lymphoma. 
50. Eriksson M, Anveden L, Celebioglu F, Dahlberg K, Meldahl I, Lagergren J, et al. Radiotherapy 
in implant-based immediate breast reconstruction: risk factors, surgical outcomes, and patient-
reported outcome measures in a large Swedish multicenter cohort. Breast Cancer Res Treat. 
2013;142(3):591-601. 
51. Albornoz CR, Matros E, McCarthy CM, Klassen A, Cano SJ, Alderman AK, et al. Implant breast 
reconstruction and radiation: a multicenter analysis of long-term health-related quality of life and 
satisfaction. Ann Surg Oncol. 2014;21(7):2159-64. 
52. Alderman AK, Wilkins EG, Kim HM, Lowery JC. Complications in postmastectomy breast 
reconstruction: two-year results of the Michigan Breast Reconstruction Outcome Study. Plast 
Reconstr Surg. 2002;109(7):2265-74. 
53. Madsen RJ, Esmonde NO, Ramsey KL, Hansen JE. Axillary Lymph Node Dissection Is a Risk 
Factor for Major Complications After Immediate Breast Reconstruction. Ann Plast Surg. 2015. 
54. Coroneos CJ, Roth-Albin K, Rai AS, Voineskos SH, Brouwers MC, Avram R, et al. Barriers, 
beliefs and practice patterns for breast cancer reconstruction: A provincial survey. Breast. 
2016;32:60-5. 
55. Xavier Harmeling J, Kouwenberg CA, Bijlard E, Burger KN, Jager A, Mureau MA. The effect of 
immediate breast reconstruction on the timing of adjuvant chemotherapy: a systematic review. 
Breast Cancer Res Treat. 2015;153(2):241-51. 
56. O'Connell RL, Rattay T, Dave RV, Trickey A, Skillman J, Barnes NLP, et al. The impact of 
immediate breast reconstruction on the time to delivery of adjuvant therapy: the iBRA-2 study. Br J 
Cancer. 2019;120(9):883-95. 
57. Albornoz CR, Bach PB, Mehrara BJ, Disa JJ, Pusic AL, McCarthy CM, et al. A paradigm shift in 
U.S. Breast reconstruction: increasing implant rates. Plast Reconstr Surg. 2013;131(1):15-23. 

file://///nask.man.ac.uk/home$/Desktop/www.fda.gov/breastimplants
https://www.gov.uk/guidance/breast-implants-and-anaplastic-large-cell-lymphoma-alcl
https://www.gov.uk/guidance/breast-implants-and-anaplastic-large-cell-lymphoma-alcl
https://www.fda.gov/medical-devices/breast-implants/medical-device-reports-breast-implant-associated-anaplastic-large-cell-lymphoma
https://www.fda.gov/medical-devices/breast-implants/medical-device-reports-breast-implant-associated-anaplastic-large-cell-lymphoma


161 
 

58. Potter S, Brigic A, Whiting PF, Cawthorn SJ, Avery KN, Donovan JL, et al. Reporting clinical 
outcomes of breast reconstruction: a systematic review. J Natl Cancer Inst. 2011;103(1):31-46. 
59. Potter S, Harcourt D, Cawthorn S, Warr R, Mills N, Havercroft D, et al. Assessment of 
cosmesis after breast reconstruction surgery: a systematic review. Ann Surg Oncol. 2011;18(3):813-
23. 
60. Maass SW, Bagher S, Hofer SO, Baxter NN, Zhong T. Systematic Review: Aesthetic 
Assessment of Breast Reconstruction Outcomes by Healthcare Professionals. Ann Surg Oncol. 
2015;22(13):4305-16. 
61. Vrieling C, Collette L, Bartelink E, Borger JH, Brenninkmeyer SJ, Horiot JC, et al. Validation of 
the methods of cosmetic assessment after breast-conserving therapy in the EORTC "boost versus no 
boost" trial. EORTC Radiotherapy and Breast Cancer Cooperative Groups. European Organization for 
Research and Treatment of Cancer. Int J Radiat Oncol Biol Phys. 1999;45(3):667-76. 
62. Visser NJ, Damen TH, Timman R, Hofer SO, Mureau MA. Surgical results, aesthetic outcome, 
and patient satisfaction after microsurgical autologous breast reconstruction following failed implant 
reconstruction. Plast Reconstr Surg. 2010;126(1):26-36. 
63. Forsberg CG, Kelly DA, Wood BC, Mastrangelo SL, DeFranzo AJ, Thompson JT, et al. Aesthetic 
outcomes of acellular dermal matrix in tissue expander/implant-based breast reconstruction. Ann 
Plast Surg. 2014;72(6):S116-20. 
64. Headon H, Kasem A, Manson A, Choy C, Carmichael AR. Clinical outcome and patient 
satisfaction with the use of bovine-derived acellular dermal matrix (SurgiMendTM) in implant based 
immediate reconstruction following skin sparing mastectomy: A prospective observational study in a 
single centre. Surgical Oncology. 2016;25:104-10. 
65. Vu MM, De Oliveira GS, Mayer KE, Blough JT, Kim JY. A Prospective Study Assessing 
Complication Rates and Patient-Reported Outcomes in Breast Reconstructions Using a Novel, Deep 
Dermal Human Acellular Dermal Matrix. Plast Reconstr Surg Glob Open. 2015;3(12):e585. 
66. Wu C, Cipriano J, Osgood G, Tepper D, Siddiqui A. Human acellular dermal matrix 
(AlloDerm®) dimensional changes and stretching in tissue expander/implant breast reconstruction. J 
Plast Reconstr Aesthet Surg. 2013;66(10):1376-81. 
67. McCarthy CM, Lee CN, Halvorson EG, Riedel E, Pusic AL, Mehrara BJ, et al. The use of 
acellular dermal matrices in two-stage expander/implant reconstruction: a multicenter, blinded, 
randomized controlled trial. Plast Reconstr Surg. 2012;130(5 Suppl 2):57S-66S. 
68. Razdan SN, Cordeiro PG, Albornoz CR, Ro T, Cohen WA, Mehrara BJ, et al. Cost-Effectiveness 
Analysis of Breast Reconstruction Options in the Setting of Postmastectomy Radiotherapy Using the 
BREAST-Q. Plast Reconstr Surg. 2016;137(3):510e-7e. 
69. Cordeiro PG, Albornoz CR, McCormick B, Hudis CA, Hu Q, Heerdt A, et al. What Is the 
Optimum Timing of Postmastectomy Radiotherapy in Two-Stage Prosthetic Reconstruction: 
Radiation to the Tissue Expander or Permanent Implant? Plast Reconstr Surg. 2015;135(6):1509-17. 
70. Peled AW, Duralde E, Foster RD, Fiscalini AS, Esserman LJ, Hwang ES, et al. Patient-reported 
outcomes and satisfaction after total skin-sparing mastectomy and immediate expander-implant 
reconstruction. Ann Plast Surg. 2014;72 Suppl 1:S48-52. 
71. Eltahir Y, Werners LL, Dreise MM, Zeijlmans van Emmichoven IA, Werker PM, de Bock GH. 
Which breast is the best? Successful autologous or alloplastic breast reconstruction: patient-
reported quality-of-life outcomes. Plast Reconstr Surg. 2015;135(1):43-50. 
72. Huber KM, Zemina KL, Tugertimur B, Killebrew SR, Wilson AR, DallaRosa JV, et al. Outcomes 
of Breast Reconstruction After Mastectomy Using Tissue Expander and Implant Reconstruction: 
Bigger is Better. Ann Plast Surg. 2015. 
73. Pinell-White XA, Duggal C, Metcalfe D, Sackeyfio R, Hart AM, Losken A. Patient-Reported 
Quality of Life After Breast Reconstruction: A One-Year Longitudinal Study Using the WHO-QOL 
Survey. Ann Plast Surg. 2015;75(2):144-8. 
74. Jagsi R, Li Y, Morrow M, Janz N, Alderman A, Graff J, et al. Patient-reported Quality of Life 
and Satisfaction With Cosmetic Outcomes After Breast Conservation and Mastectomy With and 



162 
 

Without Reconstruction: Results of a Survey of Breast Cancer Survivors. Ann Surg. 2015;261(6):1198-
206. 
75. Robertson S, Wengström Y, Eriksen C, Sandelin K. Breast surgeons performing immediate 
breast reconstruction with implants - assessment of resource-use and patient-reported outcome 
measures. Breast. 2012;21(4):590-6. 
76. Apte A, Walsh M, Chandrasekharan S, Chakravorty A. Single-stage immediate breast 
reconstruction with acellular dermal matrix: Experience gained and lessons learnt from patient 
reported outcome measures. Eur J Surg Oncol. 2016;42(1):39-44. 
77. Hanna KR, DeGeorge BR, Mericli AF, Lin KY, Drake DB. Comparison study of two types of 
expander-based breast reconstruction: acellular dermal matrix-assisted versus total submuscular 
placement. Ann Plast Surg. 2013;70(1):10-5. 
78. Cordeiro PG, McCarthy CM. A single surgeon's 12-year experience with tissue 
expander/implant breast reconstruction: part II. An analysis of long-term complications, aesthetic 
outcomes, and patient satisfaction. Plast Reconstr Surg. 2006;118(4):832-9. 
79. Saulis AS, Mustoe TA, Fine NA. A retrospective analysis of patient satisfaction with 
immediate postmastectomy breast reconstruction: comparison of three common procedures. Plast 
Reconstr Surg. 2007;119(6):1669-76; discussion 77-8. 
80. Alderman AK, Kuhn LE, Lowery JC, Wilkins EG. Does patient satisfaction with breast 
reconstruction change over time? Two-year results of the Michigan Breast Reconstruction Outcomes 
Study. J Am Coll Surg. 2007;204(1):7-12. 
81. Reefy S, Patani N, Anderson A, Burgoyne G, Osman H, Mokbel K. Oncological outcome and 
patient satisfaction with skin-sparing mastectomy and immediate breast reconstruction: a 
prospective observational study. BMC Cancer. 2010;10:171. 
82. Craft RO, Colakoglu S, Curtis MS, Yueh JH, Lee BS, Tobias AM, et al. Patient satisfaction in 
unilateral and bilateral breast reconstruction [outcomes article]. Plast Reconstr Surg. 
2011;127(4):1417-24. 
83. Kalaaji A, Bruheim M. Quality of life after breast reconstruction: comparison of three 
methods. Scand J Plast Reconstr Surg Hand Surg. 2010;44(3):140-5. 
84. Christensen BO, Overgaard J, Kettner LO, Damsgaard TE. Long-term evaluation of 
postmastectomy breast reconstruction. Acta Oncol. 2011;50(7):1053-61. 
85. Pusic AL, Klassen AF, Scott AM, Klok JA, Cordeiro PG, Cano SJ. Development of a new patient-
reported outcome measure for breast surgery: the BREAST-Q. Plast Reconstr Surg. 2009;124(2):345-
53. 
86. Memorial, Sloan, Kettering, Cancer, Centre.  [Available from: 
https://webcore.mskcc.org/breastq/index.html. 
87. Cohen WA, Mundy LR, Ballard TN, Klassen A, Cano SJ, Browne J, et al. The BREAST-Q in 
surgical research: A review of the literature 2009-2015. J Plast Reconstr Aesthet Surg. 
2016;69(2):149-62. 
88. Duxbury PJ, Harvey JR. Systematic review of the effectiveness of polyurethane-coated 
compared with textured silicone implants in breast surgery. J Plast Reconstr Aesthet Surg. 
2016;69(4):452-60. 
89. Anderson JM, Rodriguez A, Chang DT. Foreign body reaction to biomaterials. Semin 
Immunol. 2008;20(2):86-100. 
90. Anderson J. Biological responses to materials. Annual Review of Materials Research. 
2001;31:81-110. 
91. Voskerician G, Anderson J. Foreign Body Reaction.  Wiley Encyclopedia of Biomedical 
Engineering2006. 
92. Hinz B. Formation and function of the myofibroblast during tissue repair. J Invest Dermatol. 
2007;127(3):526-37. 
93. Reinke JM, Sorg H. Wound repair and regeneration. Eur Surg Res. 2012;49(1):35-43. 

https://webcore.mskcc.org/breastq/index.html


163 
 

94. Baur PS, Larson DL, Stacey TR. The observation of myofibroblasts in hypertrophic scars. Surg 
Gynecol Obstet. 1975;141(1):22-6. 
95. James WD, Odom RB. The role of the myofibroblast in Dupuytren's contracture. Arch 
Dermatol. 1980;116(7):807-11. 
96. Gabbiani G, Majno G. Dupuytren's contracture: fibroblast contraction? An ultrastructural 
study. Am J Pathol. 1972;66(1):131-46. 
97. Gabbiani G. The myofibroblast in wound healing and fibrocontractive diseases. J Pathol. 
2003;200(4):500-3. 
98. Xue M, Jackson CJ. Extracellular Matrix Reorganization During Wound Healing and Its Impact 
on Abnormal Scarring. Adv Wound Care (New Rochelle). 2015;4(3):119-36. 
99. Wolfram D, Dolores W, Rainer C, Christian R, Niederegger H, Harald N, et al. Cellular and 
molecular composition of fibrous capsules formed around silicone breast implants with special focus 
on local immune reactions. J Autoimmun. 2004;23(1):81-91. 
100. Prantl L, Schreml S, Fichtner-Feigl S, Pöppl N, Eisenmann-Klein M, Schwarze H, et al. Clinical 
and morphological conditions in capsular contracture formed around silicone breast implants. Plast 
Reconstr Surg. 2007;120(1):275-84. 
101. Bui JM, Perry T, Ren CD, Nofrey B, Teitelbaum S, Van Epps DE. Histological characterization 
of human breast implant capsules. Aesthetic Plast Surg. 2015;39(3):306-15. 
102. Wyatt LE, Sinow JD, Wollman JS, Sami DA, Miller TA. The influence of time on human breast 
capsule histology: smooth and textured silicone-surfaced implants. Plast Reconstr Surg. 
1998;102(6):1922-31. 
103. Siggelkow W, Faridi A, Spiritus K, Klinge U, Rath W, Klosterhalfen B. Histological analysis of 
silicone breast implant capsules and correlation with capsular contracture. Biomaterials. 
2003;24(6):1101-9. 
104. de Bakker E, van den Broek LJ, Ritt MJPF, Gibbs S, Niessen FB. The Histological Composition 
of Capsular Contracture Focussed on the Inner Layer of the Capsule: An Intra-Donor Baker-I Versus 
Baker-IV Comparison. Aesthetic Plast Surg. 2018;42(6):1485-91. 
105. Minami E, Koh IH, Ferreira JC, Waitzberg AF, Chifferi V, Rosewick TF, et al. The composition 
and behavior of capsules around smooth and textured breast implants in pigs. Plast Reconstr Surg. 
2006;118(4):874-84. 
106. Hwang K, Sim HB, Huan F, Kim DJ. Myofibroblasts and capsular tissue tension in breast 
capsular contracture. Aesthetic Plast Surg. 2010;34(6):716-21. 
107. Gayou RM. A histological comparison of contracted and non-contracted capsules around 
silicone breast implants. Plast Reconstr Surg. 1979;63(5):700-7. 
108. Bochaton-Piallat ML, Gabbiani G, Hinz B. The myofibroblast in wound healing and fibrosis: 
answered and unanswered questions. F1000Res. 2016;5. 
109. Moyer KE, Ehrlich HP. Capsular contracture after breast reconstruction: collagen fiber 
orientation and organization. Plast Reconstr Surg. 2013;131(4):680-5. 
110. Marques M, Brown SA, Cordeiro ND, Rodrigues-Pereira P, Cobrado ML, Morales-Helguera A, 
et al. Effects of fibrin, thrombin, and blood on breast capsule formation in a preclinical model. 
Aesthet Surg J. 2011;31(3):302-9. 
111. Tan KT, Baildam AD, Juma A, Milner CM, Day AJ, Bayat A. Hyaluronan, TSG-6, and inter-α-
inhibitor in periprosthetic breast capsules: reduced levels of free hyaluronan and TSG-6 expression in 
contracted capsules. Aesthet Surg J. 2011;31(1):47-55. 
112. Poppler L, Cohen J, Dolen UC, Schriefer AE, Tenenbaum MM, Deeken C, et al. Histologic, 
Molecular, and Clinical Evaluation of Explanted Breast Prostheses, Capsules, and Acellular Dermal 
Matrices for Bacteria. Aesthet Surg J. 2015;35(6):653-68. 
113. Jacombs A, Allan J, Hu H, Valente PM, Wessels WL, Deva AK, et al. Prevention of biofilm-
induced capsular contracture with antibiotic-impregnated mesh in a porcine model. Aesthet Surg J. 
2012;32(7):886-91. 



164 
 

114. Pajkos A, Deva AK, Vickery K, Cope C, Chang L, Cossart YE. Detection of subclinical infection 
in significant breast implant capsules. Plast Reconstr Surg. 2003;111(5):1605-11. 
115. Allan JM, Jacombs AS, Hu H, Merten SL, Deva AK. Detection of bacterial biofilm in double 
capsule surrounding mammary implants: findings in human and porcine breast augmentation. Plast 
Reconstr Surg. 2012;129(3):578e-80e. 
116. Tamboto H, Vickery K, Deva AK. Subclinical (biofilm) infection causes capsular contracture in 
a porcine model following augmentation mammaplasty. Plast Reconstr Surg. 2010;126(3):835-42. 
117. Baier RE, Dutton RC. Initial events in interactions of blood with a foreign surface. J Biomed 
Mater Res. 1969;3(1):191-206. 
118. Ekdahl KN, Hong J, Hamad OA, Larsson R, Nilsson B. Evaluation of the blood compatibility of 
materials, cells, and tissues: basic concepts, test models, and practical guidelines. Adv Exp Med Biol. 
2013;735:257-70. 
119. Engberg AE, Nilsson PH, Huang S, Fromell K, Hamad OA, Mollnes TE, et al. Prediction of 
inflammatory responses induced by biomaterials in contact with human blood using protein 
fingerprint from plasma. Biomaterials. 2015;36:55-65. 
120. Kyle DJ, Oikonomou A, Hill E, Bayat A. Development and functional evaluation of biomimetic 
silicone surfaces with hierarchical micro/nano-topographical features demonstrates favourable 
in vitro foreign body response of breast-derived fibroblasts. Biomaterials. 2015;52:88-102. 
121. Barr SP, Hill EW, Bayat A. Novel Proteomic Assay of Breast Implants Reveals Proteins With 
Significant Binding Differences: Implications for Surface Coating and Biocompatibility. Aesthet Surg J. 
2018;38(9):962-9. 
122. Cappellano G, Ploner C, Lobenwein S, Sopper S, Hoertnagl P, Mayerl C, et al. 
Immunophenotypic characterization of human T cells after in vitro exposure to different silicone 
breast implant surfaces. PLoS One. 2018;13(2):e0192108. 
123. Tavazzani F, Xing S, Waddell JE, Smith D, Boynton EL. In vitro interaction between silicone gel 
and human monocyte-macrophages. J Biomed Mater Res A. 2005;72(2):161-7. 
124. Joseph J, Variathu KT, Mohanty M. Mediatory role of interleukin-6 in α smooth muscle actin 
induction and myofibroblast formation around silicone tissue expander. J Biomed Mater Res A. 
2013;101(10):2967-73. 
125. D'Andrea F, Nicoletti GF, Grella E, Grella R, Siniscalco D, Fuccio C, et al. Modification of 
cysteinyl leukotriene receptor expression in capsular contracture: Preliminary results. Ann Plast Surg. 
2007;58(2):212-4. 
126. Kyle D. Identification of biomarkers for capsular contracture formation and novel biomimetic 
breast implant surface design and development: University of Manchester; 2015. 
127. Wells AF, Daniels S, Gunasekaran S, Wells KE. Local increase in hyaluronic acid and 
interleukin-2 in the capsules surrounding silicone breast implants. Ann Plast Surg. 1994;33(1):1-5. 
128. Ulrich D, Lichtenegger F, Eblenkamp M, Repper D, Pallua N. Matrix metalloproteinases, 
tissue inhibitors of metalloproteinases, aminoterminal propeptide of procollagen type III, and 
hyaluronan in sera and tissue of patients with capsular contracture after augmentation with 
Trilucent breast implants. Plast Reconstr Surg. 2004;114(1):229-36. 
129. Ulrich D, Ulrich F, Pallua N, Eisenmann-Klein M. Effect of tissue inhibitors of 
metalloproteinases and matrix metalloproteinases on capsular formation around smooth and 
textured silicone gel implants. Aesthetic Plast Surg. 2009;33(4):555-62. 
130. Tan KT, Wijeratne D, Shih B, Baildam AD, Bayat A. Tumour necrosis factor-α expression is 
associated with increased severity of periprosthetic breast capsular contracture. Eur Surg Res. 
2010;45(3-4):327-32. 
131. Wolfram D, Rabensteiner E, Grundtman C, Böck G, Mayerl C, Parson W, et al. T regulatory 
cells and TH17 cells in peri-silicone implant capsular fibrosis. Plast Reconstr Surg. 2012;129(2):327e-
37e. 



165 
 

132. Kyle DJ, Harvey AG, Shih B, Tan KT, Chaudhry IH, Bayat A. Identification of molecular 
phenotypic descriptors of breast capsular contracture formation using informatics analysis of the 
whole genome transcriptome. Wound Repair Regen. 2013;21(5):762-9. 
133. Brazin J, Malliaris S, Groh B, Mehrara B, Hidalgo D, Otterburn D, et al. Mast cells in the 
periprosthetic breast capsule. Aesthetic Plast Surg. 2014;38(3):592-601. 
134. Kyle DJ, Bayat A. Enhanced Contraction of a Normal Breast-Derived Fibroblast-Populated 
Three-Dimensional Collagen Lattice via Contracted Capsule Fibroblast-Derived Paracrine Factors: 
Functional Significance in Capsular Contracture Formation. Plast Reconstr Surg. 2015;135(5):1413-
29. 
135. Poh PSP, Schmauss V, McGovern JA, Schmauss D, Chhaya MP, Foehr P, et al. Non-linear 
optical microscopy and histological analysis of collagen, elastin and lysyl oxidase expression in breast 
capsular contracture. Eur J Med Res. 2018;23(1):30. 
136. Bachour Y, Ritt MJPF, Heijmans R, Niessen FB, Verweij SP. Toll-Like Receptors (TLRs) 
Expression in Contracted Capsules Compared to Uncontracted Capsules. Aesthetic Plast Surg. 
2019;43(4):910-7. 
137. Burkhardt BR, Fried M, Schnur PL, Tofield JJ. Capsules, infection, and intraluminal antibiotics. 
Plast Reconstr Surg. 1981;68(1):43-9. 
138. Deva A, Chang I. Bacterial biofilms: a cause for accelerated capsular contracture? Aesthetic 
Surgery Journal. 1999;19(2):130-3. 
139. Costerton JW, Stewart PS, Greenberg EP. Bacterial biofilms: a common cause of persistent 
infections. Science. 1999;284(5418):1318-22. 
140. Stevens WG, Nahabedian MY, Calobrace MB, Harrington JL, Capizzi PJ, Cohen R, et al. Risk 
factor analysis for capsular contracture: a 5-year Sientra study analysis using round, smooth, and 
textured implants for breast augmentation. Plast Reconstr Surg. 2013;132(5):1115-23. 
141. Pinsolle V, Grinfeder C, Mathoulin-Pelissier S, Faucher A. Complications analysis of 266 
immediate breast reconstructions. J Plast Reconstr Aesthet Surg. 2006;59(10):1017-24. 
142. Dancey A, Nassimizadeh A, Levick P. Capsular contracture - What are the risk factors? A 14 
year series of 1400 consecutive augmentations. J Plast Reconstr Aesthet Surg. 2012;65(2):213-8. 
143. Hvilsom GB, Hölmich LR, Steding-Jessen M, Frederiksen K, Henriksen TF, Lipworth L, et al. 
Delayed breast implant reconstruction: is radiation therapy associated with capsular contracture or 
reoperations? Ann Plast Surg. 2012;68(3):246-52. 
144. Adams WP. Capsular contracture: what is it? What causes it? How can it be prevented and 
managed? Clin Plast Surg. 2009;36(1):119-26, vii. 
145. Antony AK, McCarthy C, Disa JJ, Mehrara BJ. Bilateral implant breast reconstruction: 
outcomes, predictors, and matched cohort analysis in 730 2-stage breast reconstructions over 10 
years. Ann Plast Surg. 2014;72(6):625-30. 
146. Handel N, Cordray T, Gutierrez J, Jensen JA. A long-term study of outcomes, complications, 
and patient satisfaction with breast implants. Plast Reconstr Surg. 2006;117(3):757-67; discussion 
68-72. 
147. Handel N, Jensen JA, Black Q, Waisman JR, Silverstein MJ. The fate of breast implants: a 
critical analysis of complications and outcomes. Plast Reconstr Surg. 1995;96(7):1521-33. 
148. Cordeiro PG, Pusic AL, Disa JJ, McCormick B, VanZee K. Irradiation after immediate tissue 
expander/implant breast reconstruction: outcomes, complications, aesthetic results, and satisfaction 
among 156 patients. Plast Reconstr Surg. 2004;113(3):877-81. 
149. Momoh AO, Ahmed R, Kelley BP, Aliu O, Kidwell KM, Kozlow JH, et al. A systematic review of 
complications of implant-based breast reconstruction with prereconstruction and 
postreconstruction radiotherapy. Ann Surg Oncol. 2014;21(1):118-24. 
150. Calobrace MB, Stevens WG, Capizzi PJ, Cohen R, Godinez T, Beckstrand M. Risk Factor 
Analysis for Capsular Contracture: A 10-Year Sientra Study Using Round, Smooth, and Textured 
Implants for Breast Augmentation. Plast Reconstr Surg. 2018;141(4S Sientra Shaped and Round 
Cohesive Gel Implants):20S-8S. 



166 
 

151. Katzel EB, Koltz PF, Tierney R, Williams JP, Awad HA, O'keefe RJ, et al. The impact of Smad3 
loss of function on TGF-β signaling and radiation-induced capsular contracture. Plast Reconstr Surg. 
2011;127(6):2263-9. 
152. Yarnold J, Brotons MC. Pathogenetic mechanisms in radiation fibrosis. Radiother Oncol. 
2010;97(1):149-61. 
153. Kim IK, Park SO, Chang H, Jin US. Inhibition Mechanism of Acellular Dermal Matrix on 
Capsule Formation in Expander-Implant Breast Reconstruction After Postmastectomy Radiotherapy. 
Ann Surg Oncol. 2018;25(8):2279-87. 
154. Robinson OG, Bradley EL, Wilson DS. Analysis of explanted silicone implants: a report of 300 
patients. Ann Plast Surg. 1995;34(1):1-6; discussion -7. 
155. Spear SL, Murphy DK, Group ASBIUSCCS. Natrelle round silicone breast implants: Core Study 
results at 10 years. Plast Reconstr Surg. 2014;133(6):1354-61. 
156. Stevens WG, Harrington J, Alizadeh K, Broadway D, Zeidler K, Godinez TB. Eight-year follow-
up data from the U.S. clinical trial for Sientra's FDA-approved round and shaped implants with high-
strength cohesive silicone gel. Aesthet Surg J. 2015;35 Suppl 1:S3-10. 
157. Bengtson BP, Van Natta BW, Murphy DK, Slicton A, Maxwell GP, Group SUSCCS. Style 410 
highly cohesive silicone breast implant core study results at 3 years. Plast Reconstr Surg. 2007;120(7 
Suppl 1):40S-8S. 
158. Maxwell GP, Van Natta BW, Murphy DK, Slicton A, Bengtson BP. Natrelle style 410 form-
stable silicone breast implants: core study results at 6 years. Aesthet Surg J. 2012;32(6):709-17. 
159. Cunningham B. The Mentor Core Study on Silicone MemoryGel Breast Implants. Plast 
Reconstr Surg. 2007;120(7 Suppl 1):19S-29S; discussion 30S-2S. 
160. Spear SL, Murphy DK, Slicton A, Walker PS, Group ISBIUSS. Inamed silicone breast implant 
core study results at 6 years. Plast Reconstr Surg. 2007;120(7 Suppl 1):8S-16S; discussion 7S-8S. 
161. Stevens WG, Harrington J, Alizadeh K, Berger L, Broadway D, Hester TR, et al. Five-year 
follow-up data from the U.S. clinical trial for Sientra's U.S. Food and Drug Administration-approved 
Silimed® brand round and shaped implants with high-strength silicone gel. Plast Reconstr Surg. 
2012;130(5):973-81. 
162. Stevens WG, Calobrace MB, Harrington J, Alizadeh K, Zeidler KR, d'Incelli RC. Nine-Year Core 
Study Data for Sientra's FDA-Approved Round and Shaped Implants with High-Strength Cohesive 
Silicone Gel. Aesthet Surg J. 2016;36(4):404-16. 
163. Maxwell GP, Van Natta BW, Bengtson BP, Murphy DK. Ten-year results from the Natrelle 410 
anatomical form-stable silicone breast implant core study. Aesthet Surg J. 2015;35(2):145-55. 
164. Baker J, editor Classification of spherical contractures. Aesthetic Breast Symposium; 1975; 
Scottsdale, Arizona. 
165. Spear SL, Baker JL. Classification of capsular contracture after prosthetic breast 
reconstruction. Plast Reconstr Surg. 1995;96(5):1119-23; discussion 24. 
166. Moore JR. Applanation tonometry of breasts. Plast Reconstr Surg. 1979;63(1):9-12. 
167. Gylbert LO. Applanation tonometry for the evaluation of breast compressibility. Scand J Plast 
Reconstr Surg Hand Surg. 1989;23(3):223-9. 
168. Burkhardt BR, Schnur PL, Tofield JJ, Dempsey PD. Objective clinical assessment of fibrous 
capsular contracture. Plast Reconstr Surg. 1982;69(5):794-801. 
169. Roça GB, Graf R, da Silva Freitas R, Salles G, Francisco JC, Noronha L, et al. Autologous Fat 
Grafting for Treatment of Breast Implant Capsular Contracture: A Study in Pigs. Aesthet Surg J. 
2014;34(5):769-75. 
170. Mulder J, Nicolai J. Breast tonometry - a practical device for accurate measurement of 
capsule-formation. European Journal of Plastic Surgery. 1990;13:274-7. 
171. Wong CH, Samuel M, Tan BK, Song C. Capsular contracture in subglandular breast 
augmentation with textured versus smooth breast implants: a systematic review. Plast Reconstr 
Surg. 2006;118(5):1224-36. 



167 
 

172. Hoflehner H, Pierer G, Rehak P. "Mammacompliance": an objective technique for measuring 
capsular fibrosis. Plast Reconstr Surg. 1993;92(6):1078-84. 
173. Alfano C, Mazzocchi M, Scuderi N. Mammary compliance: an objective measurement of 
capsular contracture. Aesthetic Plast Surg. 2004;28(2):75-9. 
174. Rzymski P, Kubasik M, Opala T. Use of shear wave sonoelastography in capsular contracture 
before and after secondary surgery: report of two cases. J Plast Reconstr Aesthet Surg. 
2011;64(12):e309-12. 
175. Prantl L, Englbrecht MA, Schoeneich M, Kuehlmann B, Jung EM, Kubale R. Semiquantitative 
measurements of capsular contracture with elastography--first results in correlation to Baker Score. 
Clin Hemorheol Microcirc. 2014;58(4):521-8. 
176. Adams WP, Conner WC, Barton FE, Rohrich RJ. Optimizing breast pocket irrigation: an in 
vitro study and clinical implications. Plast Reconstr Surg. 2000;105(1):334-8; discussion 9-43. 
177. Wiener TC. The role of betadine irrigation in breast augmentation. Plast Reconstr Surg. 
2007;119(1):12-5; discussion 6-7. 
178. Flugstad NA, Pozner JN, Baxter RA, Creasman C, Egrari S, Martin S, et al. Does Implant 
Insertion with a Funnel Decrease Capsular Contracture? A Preliminary Report. Aesthet Surg J. 
2016;36(5):550-6. 
179. Chong SJ, Deva AK. Understanding the Etiology and Prevention of Capsular Contracture: 
Translating Science into Practice. Clin Plast Surg. 2015;42(4):427-36. 
180. Adams WP, Rios JL, Smith SJ. Enhancing patient outcomes in aesthetic and reconstructive 
breast surgery using triple antibiotic breast irrigation: six-year prospective clinical study. Plast 
Reconstr Surg. 2006;118(7 Suppl):46S-52S. 
181. Adams WP, Conner WC, Barton FE, Rohrich RJ. Optimizing breast-pocket irrigation: the post-
betadine era. Plast Reconstr Surg. 2001;107(6):1596-601. 
182. Wiener TC. Relationship of incision choice to capsular contracture. Aesthetic Plast Surg. 
2008;32(2):303-6. 
183. Bartsich S, Ascherman JA, Whittier S, Yao CA, Rohde C. The breast: a clean-contaminated 
surgical site. Aesthet Surg J. 2011;31(7):802-6. 
184. Liu X, Zhou L, Pan F, Gao Y, Yuan X, Fan D. Comparison of the postoperative incidence rate of 
capsular contracture among different breast implants: a cumulative meta-analysis. PLoS One. 
2015;10(2):e0116071. 
185. Barr S, Hill E, Bayat A. Current implant surface technology: an examination of their 
nanostructure and their influence on fibroblast alignment and biocompatibility. Eplasty. 2009;9:e22. 
186. Barr S, Hill E, Bayat A. Patterning of novel breast implant surfaces by enhancing silicone 
biocompatibility, using biomimetic topographies. Eplasty. 2010;10:e31. 
187. Brand KG. Foam-covered mammary implants. Clin Plast Surg. 1988;15(4):533-9. 
188. Valencia-Lazcano AA, Alonso-Rasgado T, Bayat A. Characterisation of breast implant surfaces 
and correlation with fibroblast adhesion. J Mech Behav Biomed Mater. 2013;21:133-48. 
189. Jacombs A, Tahir S, Hu H, Deva AK, Almatroudi A, Wessels WL, et al. In vitro and in vivo 
investigation of the influence of implant surface on the formation of bacterial biofilm in mammary 
implants. Plast Reconstr Surg. 2014;133(4):471e-80e. 
190. Balderrama CM, Ribas-Filho JM, Malafaia O, Czeczko NG, Dietz UA, Sakamoto DG, et al. 
Healing reaction to mammary prostheses covered by textured silicone and silicone foam in rats. Acta 
Cir Bras. 2009;24(5):367-76. 
191. Silva EN, Ribas-Filho JM, Czeczko NG, Pachnicki JP, Netto MR, Lipinski LC, et al. Histological 
evaluation of capsules formed by silicon implants coated with polyurethane foam and with a 
textured surface in rats. Acta Cir Bras. 2016;31(12):774-82. 
192. Cheng A, Lakhiani C, Saint-Cyr M. Treatment of capsular contracture using complete implant 
coverage by acellular dermal matrix: a novel technique. Plast Reconstr Surg. 2013;132(3):519-29. 
193. Planas J, Cervelli V, Planas G. Five-year experience on ultrasonic treatment of breast 
contractures. Aesthetic Plast Surg. 2001;25(2):89-93. 



168 
 

194. Gancedo M, Ruiz-Corro L, Salazar-Montes A, Rincón AR, Armendáriz-Borunda J. Pirfenidone 
prevents capsular contracture after mammary implantation. Aesthetic Plast Surg. 2008;32(1):32-40. 
195. Schlesinger SL, Ellenbogen R, Desvigne MN, Svehlak S, Heck R. Zafirlukast (Accolate): A new 
treatment for capsular contracture. Aesthet Surg J. 2002;22(4):329-36. 
196. Schlesinger SL, Desvigne MN, Ellenbogen R, Svehlak S, Heck R. Results of using zafirlukast 
(Accolate) and montelukast (Singulair) for treatment of capsular contracture. Aesthet Surg J. 
2003;23(2):101-2. 
197. Scuderi N, Mazzocchi M, Fioramonti P, Bistoni G. The effects of zafirlukast on capsular 
contracture: preliminary report. Aesthetic Plast Surg. 2006;30(5):513-20. 
198. Scuderi N, Mazzocchi M, Rubino C. Effects of zafirlukast on capsular contracture: controlled 
study measuring the mammary compliance. Int J Immunopathol Pharmacol. 2007;20(3):577-84. 
199. Spano A, Palmieri B, Taidelli TP, Nava MB. Reduction of capsular thickness around silicone 
breast implants by zafirlukast in rats. Eur Surg Res. 2008;41(1):8-14. 
200. Mazzocchi M, Dessy LA, Alfano C, Scuderi N. Effects of zafirlukast on capsular contracture: 
long-term results. Int J Immunopathol Pharmacol. 2012;25(4):935-44. 
201. Boháč M, Danišovič Ľ, Koller J, Dragúňová J, Varga I. What happens to an acellular dermal 
matrix after implantation in the human body? A histological and electron microscopic study. Eur J 
Histochem. 2018;62(1):2873. 
202. Compton CC, Hickerson W, Nadire K, Press W. Acceleration of skin regeneration from 
cultured epithelial autografts by transplantation to homograft dermis. J Burn Care Rehabil. 
1993;14(6):653-62. 
203. Maxwell GP, Gabriel A. Acellular dermal matrix for reoperative breast augmentation. Plast 
Reconstr Surg. 2014;134(5):932-8. 
204. Hester TR, Ghazi BH, Moyer HR, Nahai FR, Wilton M, Stokes L. Use of dermal matrix to 
prevent capsular contracture in aesthetic breast surgery. Plast Reconstr Surg. 2012;130(5 Suppl 
2):126S-36S. 
205. Potter S, Conroy EJ, Cutress RI, Williamson PR, Whisker L, Thrush S, et al. Short-term safety 
outcomes of mastectomy and immediate implant-based breast reconstruction with and without 
mesh (iBRA): a multicentre, prospective cohort study. Lancet Oncol. 2019. 
206. Vardanian AJ, Clayton JL, Roostaeian J, Shirvanian V, Da Lio A, Lipa JE, et al. Comparison of 
implant-based immediate breast reconstruction with and without acellular dermal matrix. Plast 
Reconstr Surg. 2011;128(5):403e-10e. 
207. Breuing KH, Colwell AS. Inferolateral AlloDerm hammock for implant coverage in breast 
reconstruction. Ann Plast Surg. 2007;59(3):250-5. 
208. Salzberg CA, Ashikari AY, Koch RM, Chabner-Thompson E. An 8-year experience of direct-to-
implant immediate breast reconstruction using human acellular dermal matrix (AlloDerm). Plast 
Reconstr Surg. 2011;127(2):514-24. 
209. Namnoum JD. Expander/implant reconstruction with AlloDerm: recent experience. Plast 
Reconstr Surg. 2009;124(2):387-94. 
210. Spear SL, Seruya M, Clemens MW, Teitelbaum S, Nahabedian MY. Acellular dermal matrix 
for the treatment and prevention of implant-associated breast deformities. Plast Reconstr Surg. 
2011;127(3):1047-58. 
211. Sbitany H, Sandeen SN, Amalfi AN, Davenport MS, Langstein HN. Acellular dermis-assisted 
prosthetic breast reconstruction versus complete submuscular coverage: a head-to-head 
comparison of outcomes. Plast Reconstr Surg. 2009;124(6):1735-40. 
212. Topol BM, Dalton EF, Ponn T, Campbell CJ. Immediate single-stage breast reconstruction 
using implants and human acellular dermal tissue matrix with adjustment of the lower pole of the 
breast to reduce unwanted lift. Ann Plast Surg. 2008;61(5):494-9. 
213. Collis GN, TerKonda SP, Waldorf JC, Perdikis G. Acellular dermal matrix slings in tissue 
expander breast reconstruction: are there substantial benefits? Ann Plast Surg. 2012;68(5):425-8. 



169 
 

214. Hultman CS, Daiza S. Skin-sparing mastectomy flap complications after breast 
reconstruction: review of incidence, management, and outcome. Ann Plast Surg. 2003;50(3):249-55; 
discussion 55. 
215. Gaster RS, Berger AJ, Monica SD, Sweeney RT, Endress R, Lee GK. Histologic analysis of fetal 
bovine derived acellular dermal matrix in tissue expander breast reconstruction. Ann Plast Surg. 
2013;70(4):447-53. 
216. Ganske I, Hoyler M, Fox SE, Morris DJ, Lin SJ, Slavin SA. Delayed hypersensitivity reaction to 
acellular dermal matrix in breast reconstruction: the red breast syndrome? Ann Plast Surg. 2014;73 
Suppl 2:S139-43. 
217. Lewis P, Jewell J, Mattison G, Gupta S, Kim H. Reducing postoperative infections and red 
breast syndrome in patients with acellular dermal matrix-based breast reconstruction: the relative 
roles of product sterility and lower body mass index. Ann Plast Surg. 2015;74 Suppl 1:S30-2. 
218. Wu PS, Winocour S, Jacobson SR. Red breast syndrome: a review of available literature. 
Aesthetic Plast Surg. 2015;39(2):227-30. 
219. Orenstein SB, Qiao Y, Kaur M, Klueh U, Kreutzer DL, Novitsky YW. Human monocyte 
activation by biologic and biodegradable meshes in vitro. Surg Endosc. 2010;24(4):805-11. 
220. Badylak SF, Valentin JE, Ravindra AK, McCabe GP, Stewart-Akers AM. Macrophage 
phenotype as a determinant of biologic scaffold remodeling. Tissue Eng Part A. 2008;14(11):1835-42. 
221. Chun YS, Verma K, Rosen H, Lipsitz S, Morris D, Kenney P, et al. Implant-based breast 
reconstruction using acellular dermal matrix and the risk of postoperative complications. Plast 
Reconstr Surg. 2010;125(2):429-36. 
222. Colwell AS, Damjanovic B, Zahedi B, Medford-Davis L, Hertl C, Austen WG. Retrospective 
review of 331 consecutive immediate single-stage implant reconstructions with acellular dermal 
matrix: indications, complications, trends, and costs. Plast Reconstr Surg. 2011;128(6):1170-8. 
223. Dikmans RE, Negenborn VL, Bouman MB, Winters HA, Twisk JW, Ruhé PQ, et al. Two-stage 
implant-based breast reconstruction compared with immediate one-stage implant-based breast 
reconstruction augmented with an acellular dermal matrix: an open-label, phase 4, multicentre, 
randomised, controlled trial. Lancet Oncol. 2016. 
224. Newman MI, Swartz KA, Samson MC, Mahoney CB, Diab K. The true incidence of near-term 
postoperative complications in prosthetic breast reconstruction utilizing human acellular dermal 
matrices: a meta-analysis. Aesthetic Plast Surg. 2011;35(1):100-6. 
225. Kim JY, Davila AA, Persing S, Connor CM, Jovanovic B, Khan SA, et al. A meta-analysis of 
human acellular dermis and submuscular tissue expander breast reconstruction. Plast Reconstr Surg. 
2012;129(1):28-41. 
226. Hoppe IC, Yueh JH, Wei CH, Ahuja NK, Patel PP, Datiashvili RO. Complications following 
expander/implant breast reconstruction utilizing acellular dermal matrix: a systematic review and 
meta-analysis. Eplasty. 2011;11:e40. 
227. Ho G, Nguyen TJ, Shahabi A, Hwang BH, Chan LS, Wong AK. A systematic review and meta-
analysis of complications associated with acellular dermal matrix-assisted breast reconstruction. Ann 
Plast Surg. 2012;68(4):346-56. 
228. Zhao X, Wu X, Dong J, Liu Y, Zheng L, Zhang L. A Meta-analysis of Postoperative 
Complications of Tissue Expander/Implant Breast Reconstruction Using Acellular Dermal Matrix. 
Aesthetic Plast Surg. 2015;39(6):892-901. 
229. Lee KT, Mun GH. Updated Evidence of Acellular Dermal Matrix Use for Implant-Based Breast 
Reconstruction: A Meta-analysis. Ann Surg Oncol. 2016;23(2):600-10. 
230. Clarke-Pearson EM, Lin AM, Hertl C, Austen WG, Colwell AS. Revisions in Implant-Based 
Breast Reconstruction: How Does Direct-to-Implant Measure Up? Plast Reconstr Surg. 
2016;137(6):1690-9. 
231. Ibrahim AM, Koolen PG, Ganor O, Markarian MK, Tobias AM, Lee BT, et al. Does acellular 
dermal matrix really improve aesthetic outcome in tissue expander/implant-based breast 
reconstruction? Aesthetic Plast Surg. 2015;39(3):359-68. 



170 
 

232. Nguyen KT, Mioton LM, Smetona JT, Seth AK, Kim JY. Esthetic Outcomes of ADM-Assisted 
Expander-Implant Breast Reconstruction. Eplasty. 2012;12:e58. 
233. Clough KB, O'Donoghue JM, Fitoussi AD, Nos C, Falcou MC. Prospective evaluation of late 
cosmetic results following breast reconstruction: I. Implant reconstruction. Plast Reconstr Surg. 
2001;107(7):1702-9. 
234. Alderman AK, Wilkins EG, Lowery JC, Kim M, Davis JA. Determinants of patient satisfaction in 
postmastectomy breast reconstruction. Plast Reconstr Surg. 2000;106(4):769-76. 
235. Zhong T, Temple-Oberle C, Hofer SO, Hofer S, Beber B, Semple J, et al. The Multi Centre 
Canadian Acellular Dermal Matrix Trial (MCCAT): study protocol for a randomized controlled trial in 
implant-based breast reconstruction. Trials. 2013;14:356. 
236. ClinicalTrials.gov  [Available from: www.clincialtrials.gov. 
237. Stump A, Holton LH, Connor J, Harper JR, Slezak S, Silverman RP. The use of acellular dermal 
matrix to prevent capsule formation around implants in a primate model. Plast Reconstr Surg. 
2009;124(1):82-91. 
238. Potter S, Conroy EJ, Cutress RI, Williamson PR, Whisker L, Thrush S, et al. Short-term safety 
outcomes of mastectomy and immediate implant-based breast reconstruction with and without 
mesh (iBRA): a multicentre, prospective cohort study. Lancet Oncol. 2019;20(2):254-66. 
239. Witherel CE, Graney PL, Freytes DO, Weingarten MS, Spiller KL. Response of human 
macrophages to wound matrices in vitro. Wound Repair Regen. 2016;24(3):514-24. 
240. Orenstein SB, Qiao Y, Klueh U, Kreutzer DL, Novitsky YW. Activation of human mononuclear 
cells by porcine biologic meshes in vitro. Hernia. 2010;14(4):401-7. 
241. Uzunismail A, Duman A, Perk C, Findik H, Beyhan G. The effects of acellular dermal allograft 
(AlloDerm) interface on silicone-related capsule formation-experimental study. Eur J Plast Surg. 
2008;31:179-85. 
242. Schmitz M, Bertram M, Kneser U, Keller AK, Horch RE. Experimental total wrapping of breast 
implants with acellular dermal matrix: a preventive tool against capsular contracture in breast 
surgery? J Plast Reconstr Aesthet Surg. 2013;66(10):1382-9. 
243. Basu CB, Leong M, Hicks MJ. Acellular cadaveric dermis decreases the inflammatory 
response in capsule formation in reconstructive breast surgery. Plast Reconstr Surg. 
2010;126(6):1842-7. 
244. Leong M, Basu CB, Hicks MJ. Further evidence that human acellular dermal matrix decreases 
inflammatory markers of capsule formation in implant-based breast reconstruction. Aesthet Surg J. 
2015;35(1):40-7. 
245. Yu D, Hanna KR, LeGallo RD, Drake DB. Comparison of Histological Characteristics of Acellular 
Dermal Matrix Capsules to Surrounding Breast Capsules in Acellular Dermal Matrix-Assisted Breast 
Reconstruction. Ann Plast Surg. 2016;76(5):485-8. 
246. Chopra K, Buckingham B, Matthews J, Sabino J, Tadisina KK, Silverman RP, et al. Acellular 
dermal matrix reduces capsule formation in two-stage breast reconstruction. Int Wound J. 2016. 
247. Salzberg CA, Dunavant C, Nocera N. Immediate breast reconstruction using porcine acellular 
dermal matrix (Strattice™): long-term outcomes and complications. J Plast Reconstr Aesthet Surg. 
2013;66(3):323-8. 
248. Moyer HR, Pinell-White X, Losken A. The effect of radiation on acellular dermal matrix and 
capsule formation in breast reconstruction: clinical outcomes and histologic analysis. Plast Reconstr 
Surg. 2014;133(2):214-21. 
249. Salzberg CA, Ashikari AY, Berry C, Hunsicker LM. Acellular Matrix-Assisted Direct-to-Implant 
Breast Reconstruction and Capsular Contracture: A 13-Year Experience. Plast Reconstr Surg. 2016. 
250. Potter S, Conroy EJ, Williamson PR, Thrush S, Whisker LJ, Skillman JM, et al. The iBRA 
(implant breast reconstruction evaluation) study: protocol for a prospective multi-centre cohort 
study to inform the feasibility, design and conduct of a pragmatic randomised clinical trial comparing 
new techniques of implant-based breast reconstruction. Pilot Feasibility Stud. 2016;2:41. 

file://///nask.man.ac.uk/home$/Desktop/www.clincialtrials.gov


171 
 

251. Rossi M, Pistelli F, Pesce M, Aquilini F, Franzoni F, Santoro G, et al. Impact of long-term 
exposure to cigarette smoking on skin microvascular function. Microvasc Res. 2014;93:46-51. 
252. Smith JM, Broyles JM, Guo Y, Tuffaha SH, Mathes D, Sacks JM. Human acellular dermis 
increases surgical site infection and overall complication profile when compared with submuscular 
breast reconstruction: An updated meta-analysis incorporating new products. J Plast Reconstr 
Aesthet Surg. 2018;71(11):1547-56. 
253. Hallberg H, Rafnsdottir S, Selvaggi G, Strandell A, Samuelsson O, Stadig I, et al. 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(3):130-47. 
254. Dindo D, Demartines N, Clavien PA. Classification of surgical complications: a new proposal 
with evaluation in a cohort of 6336 patients and results of a survey. Ann Surg. 2004;240(2):205-13. 
255. Sorkin M, Qi J, Kim HM, Hamill JB, Kozlow JH, Pusic AL, et al. Acellular Dermal Matrix in 
Immediate Expander/Implant Breast Reconstruction: A Multicenter Assessment of Risks and 
Benefits. Plast Reconstr Surg. 2017;140(6):1091-100. 
256. Accurso A, Rocco N, Accardo G, Reale P, Salerno C, Mattera E, et al. Innovative Management 
of Implant Exposure in ADM/Implant-Based Breast Reconstruction with Negative Pressure Wound 
Therapy. Aesthetic Plast Surg. 2017;41(1):36-9. 
257. Chilson TR, Chan FD, Lonser RR, Wu TM, Aitken DR. Seroma prevention after modified 
radical mastectomy. Am Surg. 1992;58(12):750-4. 
258. Coveney EC, O'Dwyer PJ, Geraghty JG, O'Higgins NJ. Effect of closing dead space on seroma 
formation after mastectomy--a prospective randomized clinical trial. Eur J Surg Oncol. 
1993;19(2):143-6. 
259. Cutress RI, Summerhayes C, Rainsbury R. Guidelines for oncoplastic breast reconstruction. 
Ann R Coll Surg Engl. 2013;95(3):161-2. 
260. Negenborn VL, Young-Afat DA, Dikmans REG, Smit JM, Winters HAH, Don Griot JPW, et al. 
Quality of life and patient satisfaction after one-stage implant-based breast reconstruction with an 
acellular dermal matrix versus two-stage breast reconstruction (BRIOS): primary outcome of a 
randomised, controlled trial. Lancet Oncol. 2018;19(9):1205-14. 
261. HRA. The LiBRA (Loss of implant breast reconstruction evaluation) Study  [Available from: 
https://www.hra.nhs.uk/planning-and-improving-research/application-summaries/research-
summaries/the-libra-loss-of-implant-breast-reconstruction-evaluation-study/. 
262. Henderson JR, Kandola S, Hignett SP, Teasdale RL, Topps AR, Pennick M, et al. Infection 
Prophylaxis for Breast Implant Surgery: Could We Do Better? Eplasty. 2017;17:e19. 
263. Mylvaganam S, Conroy E, Williamson PR, Barnes NLP, Cutress RI, Gardiner MD, et al. 
Variation in the provision and practice of implant-based breast reconstruction in the UK: Results 
from the iBRA national practice questionnaire. Breast. 2017;35:182-90. 
264. Barr SP, Topps AR, Barnes NL, Henderson J, Hignett S, Teasdale RL, et al. Infection prevention 
in breast implant surgery - A review of the surgical evidence, guidelines and a checklist. Eur J Surg 
Oncol. 2016;42(5):591-603. 
265. Haynes AB, Weiser TG, Berry WR, Lipsitz SR, Breizat AH, Dellinger EP, et al. A surgical safety 
checklist to reduce morbidity and mortality in a global population. N Engl J Med. 2009;360(5):491-9. 
266. Kurtz SM, Lau E, Schmier J, Ong KL, Zhao K, Parvizi J. Infection burden for hip and knee 
arthroplasty in the United States. J Arthroplasty. 2008;23(7):984-91. 
267. Potter S, Wilson RL, Harvey J, Holcombe C, Kirwan CC. Results from the BRIOS randomised 
trial. Lancet Oncol. 2017;18(4):e189. 
268. Kovacs T, Charalampoudis P, Hout BAI, Dumitru D, Kothari A. Results from the BRIOS 
randomised trial. Lancet Oncol. 2017;18(4):e190. 
269. Darragh L, Robb A, Hardie CM, McDonald S, Valand P, O'Donoghue JM. Reducing implant 
loss rates in immediate breast reconstructions. Breast. 2017;31:208-13. 

https://www.hra.nhs.uk/planning-and-improving-research/application-summaries/research-summaries/the-libra-loss-of-implant-breast-reconstruction-evaluation-study/
https://www.hra.nhs.uk/planning-and-improving-research/application-summaries/research-summaries/the-libra-loss-of-implant-breast-reconstruction-evaluation-study/


172 
 

270. Barber M, editor Loss rates in sling-assisted implant-based breast reconstruction over time 
seem to relate to proportion of patients with known risk factors rather than any learning curve. 
Association of Breast Surgery; 2019; Glasgow: European Journal of Surgical Oncology. 
271. Cardoso MJ, Vrieling C, Cardoso JS, Oliveira HP, Williams NR, Dixon JM, et al. The value of 3D 
images in the aesthetic evaluation of breast cancer conservative treatment. Results from a 
prospective multicentric clinical trial. Breast. 2018;41:19-24. 
272. Yu T, Eom KY, Jang NY, Kim KS, Koo TR, Kwon J, et al. Objective Measurement of Cosmetic 
Outcomes of Breast Conserving Therapy Using BCCT.core. Cancer Res Treat. 2016;48(2):491-8. 
273. Tsay C, Zhu V, Sturrock T, Shah A, Kwei S. A 3D Mammometric Comparison of Implant-Based 
Breast Reconstruction With and Without Acellular Dermal Matrix (ADM). Aesthetic Plast Surg. 
2018;42(1):49-58. 
274. Negenborn VL, Dikmans REG, Bouman MB, Wilschut JA, Mullender MG, Salzberg CA. Patient-
reported Outcomes after ADM-assisted Implant-based Breast Reconstruction: A Cross-sectional 
Study. Plast Reconstr Surg Glob Open. 2018;6(2):e1654. 
275. Cano SJ, Klassen AF, Scott A, Alderman A, Pusic AL. Interpreting clinical differences in 
BREAST-Q scores: minimal important difference. Plast Reconstr Surg. 2014;134(1):173e-5e. 
276. Pusic AL, Matros E, Fine N, Buchel E, Gordillo GM, Hamill JB, et al. Patient-Reported 
Outcomes 1 Year After Immediate Breast Reconstruction: Results of the Mastectomy Reconstruction 
Outcomes Consortium Study. J Clin Oncol. 2017;35(22):2499-506. 
277. Liu C, Zhuang Y, Momeni A, Luan J, Chung MT, Wright E, et al. Quality of life and patient 
satisfaction after microsurgical abdominal flap versus staged expander/implant breast 
reconstruction: a critical study of unilateral immediate breast reconstruction using patient-reported 
outcomes instrument BREAST-Q. Breast Cancer Res Treat. 2014;146(1):117-26. 
278. Davila AA, Mioton LM, Chow G, Wang E, Merkow RP, Bilimoria KY, et al. Immediate two-
stage tissue expander breast reconstruction compared with one-stage permanent implant breast 
reconstruction: a multi-institutional comparison of short-term complications. J Plast Surg Hand Surg. 
2013;47(5):344-9. 
279. Srinivasa DR, Garvey PB, Qi J, Hamill JB, Kim HM, Pusic AL, et al. Direct-to-Implant versus 
Two-Stage Tissue Expander/Implant Reconstruction: 2-Year Risks and Patient-Reported Outcomes 
from a Prospective, Multicenter Study. Plast Reconstr Surg. 2017;140(5):869-77. 
280. Azouz V, Lopez S, Wagner DS. Surgeon-Controlled Comparison of Direct-to-Implant and 2-
Stage Tissue Expander-Implant Immediate Breast Reconstruction Outcomes. Ann Plast Surg. 
2018;80(3):212-6. 
281. Naoum GE, Salama L, Niemierko A, Vieira BL, Belkacemi Y, Colwell AS, et al. Single Stage 
Direct-to-Implant Breast Reconstruction Has Lower Complication Rates Than Tissue Expander and 
Implant and Comparable Rates to Autologous Reconstruction in Patients Receiving Postmastectomy 
Radiation. Int J Radiat Oncol Biol Phys. 2020;106(3):514-24. 
282. Madsen RJ, Esmonde NO, Ramsey KL, Hansen JE. Axillary Lymph Node Dissection Is a Risk 
Factor for Major Complications After Immediate Breast Reconstruction. Ann Plast Surg. 
2016;77(5):513-6. 
283. Kracoff S, Benkler M, Allweis TM, Ben-Baruch N, Egozi D. Does nipple sparing mastectomy 
affect the postoperative complication rate after breast reconstruction? Comparison of postoperative 
complications after nipple sparing mastectomy vs skin sparing mastectomy. Breast J. 2019;25(4):755-
6. 
284. Wang M, Huang J, Chagpar AB. Is nipple sparing mastectomy associated with increased 
complications, readmission and length of stay compared to skin sparing mastectomy? Am J Surg. 
2019. 
285. Negenborn VL, Smit JM, Dikmans REG, Winters HAH, Twisk JWR, Ruhé PQ, et al. Short-term 
cost-effectiveness of one-stage implant-based breast reconstruction with an acellular dermal matrix 
versus two-stage expander-implant reconstruction from a multicentre randomized clinical trial. Br J 
Surg. 2019;106(5):586-95. 



173 
 

286. Jansen LA, Macadam SA. The use of AlloDerm in postmastectomy alloplastic breast 
reconstruction: part II. A cost analysis. Plast Reconstr Surg. 2011;127(6):2245-54. 
287. de Blacam C, Momoh AO, Colakoglu S, Slavin SA, Tobias AM, Lee BT. Cost analysis of implant-
based breast reconstruction with acellular dermal matrix. Ann Plast Surg. 2012;69(5):516-20. 
288. Wilkins EG. Acellular Dermal Matrix in Immediate Implant-Based Breast Reconstruction, 
findings from the Mastectomy Reconstruction Outcomes Consortium (MROC) Study FDA2018 
[Available from: https://www.fda.gov/media/123029/download. 
289. Ball JF, Sheena Y, Tarek Saleh DM, Forouhi P, Benyon SL, Irwin MS, et al. A direct comparison 
of porcine (Strattice™) and bovine (Surgimend™) acellular dermal matrices in implant-based 
immediate breast reconstruction. J Plast Reconstr Aesthet Surg. 2017;70(8):1076-82. 
290. Carruthers CA, Dearth CL, Reing JE, Kramer CR, Gagne DH, Crapo PM, et al. Histologic 
characterization of acellular dermal matrices in a porcine model of tissue expander breast 
reconstruction. Tissue Eng Part A. 2015;21(1-2):35-44. 
291. Nilsen TJ, Dasgupta A, Huang YC, Wilson H, Chnari E. Do Processing Methods Make a 
Difference in Acellular Dermal Matrix Properties? Aesthet Surg J. 2016;36(suppl 2):S7-S22. 
292. Wang W, Zhan YL, Yu SY, Zheng XY, Liu S, Fan CY. Open arthrolysis with pie-crusting release 
of the triceps tendon for treating post-traumatic contracture of the elbow. J Shoulder Elbow Surg. 
2016;25(5):816-22. 
293. Drachman DB, Leon S. The role of movement in embryonic joint development. 
Developmental Biology. 1966;14(3):410-20. 
294. Darby IA, Laverdet B, Bonté F, Desmoulière A. Fibroblasts and myofibroblasts in wound 
healing. Clin Cosmet Investig Dermatol. 2014;7:301-11. 
295. Ludolph I, Gruener JS, Kengelbach-Weigand A, Fiessler C, Horch RE, Schmitz M. Long-term 
studies on the integration of acellular porcine dermis as an implant shell and the effect on capsular 
fibrosis around silicone implants in a rat model. J Plast Reconstr Aesthet Surg. 2019;72(9):1555-63. 
296. Pankov R, Yamada KM. Fibronectin at a glance. J Cell Sci. 2002;115(Pt 20):3861-3. 
297. Engvall E, Ruoslahti E, Miller EJ. Affinity of fibronectin to collagens of different genetic types 
and to fibrinogen. J Exp Med. 1978;147(6):1584-95. 
298. Harvey KL, Mills N, White P, Holcombe C, Potter S, Group P-BFSS. The Pre-BRA (pre-pectoral 
Breast Reconstruction EvAluation) feasibility study: protocol for a mixed-methods IDEAL 2a/2b 
prospective cohort study to determine the safety and effectiveness of prepectoral implant-based 
breast reconstruction. BMJ Open. 2020;10(1):e033641. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://www.fda.gov/media/123029/download


174 
 

7. Appendices 

7.1 Participant invitation letter 

Date [insert date] 
 
Dear [Insert name] 
 
We would like to invite you to take part in a Research Study looking at the outcomes of Breast 
Reconstruction surgery. The research study will involve a single visit to [insert name of 
hospital] for clinical assessment and we will ask you to tell us how you feel about your 
reconstruction in a questionnaire. This study will help inform other women on what to expect 
from their reconstruction. 
  
Study title: Breast Reconstruction Outcomes with and Without Strattice (BROWSE) 
Principal Investigator: Mr. Richard Johnson 
 
We would be grateful if you could take the time to read the enclosed Information Sheet about 
the study which lets you know what is involved in the study. 
 
If you could let us know your interest by completing the slip below and returning it to us in 
the Self Addressed Envelope enclosed please. If you agree to be approached about the study 
one of our researchers will contact you to answer any questions. If you are not interested 
in taking part we will not attempt to contact you again. 
 
------------------------------------------------------------------------------------- 
 
Name: [insert name] 
I am/ am not (*delete as applicable) potentially interested in taking part in the above 
research study. 
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7.2 BROWSE participant information sheet 

Sponsor:  LifeCell EMEA Limited 

  Oxford, United Kingdom  

Study title: Breast Reconstruction Outcomes with and Without StratticE 

(BROWSE) 

Principal Investigator: Mr. Richard Johnson 

Name of Organization: University Hospital of South Manchester 

 

You are being invited to take part in a research study. Before you decide, it is important that 

you understand why the research is being done and what it will involve. Please take time to 

read this information sheet carefully and discuss it with friends, relatives and your GP if you 

wish. Please ask us if anything is not clear or if you would like more information. 

 

Introduction  

Breast reconstruction using implants has been done for many years. Sometimes breast 

reconstructions use a material called Strattice™ Reconstructive Tissue Matrix to help 

support the implant. We do not know what the long-term benefits of Strattice™ may be to 

women having this type of reconstruction. This study will look at whether there are any 

long-term benefits of using Strattice™ for implant based breast reconstruction compared to 

women in whom this product was not used. 
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What is the idea behind this study? 

Breast reconstruction with an artificial breast implant is an accepted method of 

reconstruction after mastectomy.  However, over time the reconstruction tends to change. 

In this study we want to look at the how these reconstruction fare over time. We are 

interested in how women feel about their reconstructions, how soft the reconstruction are 

and whether the implants harden (form capsular contracture) over time.     

 

What is the purpose of this study? 

This study is to see if breast reconstructions using Strattice™ Tissue Matrix are better or 

worse than reconstructions without Strattice™ Tissue Matrix. 

 

Why am I being invited to take part? 

You have had an implant based reconstruction in the recent past. We would like find out 

how you feel about the reconstruction and how well the shape of the reconstruction has 

done with time. This study is being performed in three hospitals in the UK. If you agree to 

take part you will need to come back to the hospital for one clinic visit to assess your breast 

reconstruction and you will be asked to fill out a questionnaire on how you feel about your 

reconstruction.  The questionnaire will be sent to you again, one year later for comparison.   

 

Do I have to take part? 

It is up to you to decide whether or not to take part. If you agree to join you are still able to 

leave the study at any time without giving a reason.  If you leave the study it will not affect 

the standard of care you receive. 

 

What product is being investigated or used and what does it do? 

This study involves looking at the use of Strattice™ Tissue Matrix which is a surgical mesh 

that is made of pig skin. It is used in surgery to help to hold the implant in your breast in 

place. Some women in the study will have had this used in their breast operation and some 

have not.   
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What will be done if I take part in this study? 

If you take part in this study, you will be asked to visit your hospital for one check-up after 

your surgery. You will be seen by a female Breast Surgeon in the clinic who will ask to 

examine you and to use a gentle pressure device. You will be asked to complete a 

questionnaire about how you feel about your reconstruction and then a final questionnaire 

a year later to see if things have changed with time.  

 

Do I have to have medical photographs taken? 

You will be asked as part of the study if you would be willing to have photographs taken of 

your breast reconstruction(s). The photographs will not include your face. If you do not wish 

to have medical photographs taken you can still take part in the other parts of the study. 

 

How could taking part in this study help me? 

There is no direct benefit to you of taking part in the study, the study will help to inform 

women in the future of what to expect from their breast reconstructions. Although 

Strattice™ Tissue Matrix has been used in breast reconstruction since 2008; there are no 

large long-term studies on how it compares to traditional reconstruction with an implant. 

Taking part in this study may help other women, in the future, to make decisions about their 

choice of reconstruction.  It may also help us find out whether using Strattice™ Tissue 

Matrix is a good use of money for the NHS.  

 

Will I have to pay anything to be in the study?  

No. But as you will have to travel to the hospital to be assessed, you will receive a gift voucher 

for £45. 

 

Who is organising and funding the research? 

The BROWSE Study is organised by breast surgeons at the University Hospital of South 

Manchester, together with researchers at LifeCell EMEA Ltd (the company that makes 

Strattice™ Tissue Matrix). Your doctor will not receive any personal financial payment if you 

take part.  
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Who will see my medical notes? 

Your surgeon, nurse and the hospital study staff will know you are taking part in the study, 

and have access to your medical notes. Your GP will be told that you are involved in the 

study, if you decide to take part. 

What if I don’t want to carry on with the study? 

If you change your mind about taking part in the study you are free to withdraw at any time. 

This will not affect your future clinical care in any way. 

 

Who reviewed this study? 

The BROWSE study has been approved by the Research Ethics Committee on behalf of all 

hospitals throughout the UK. It has also been reviewed and approved by the National Institute 

for Health Research. 

 

Who can I contact if I have any questions? 

If you have any questions you may ask them at any time, even after the study has started. If 

you wish to ask questions later, you may contact:  

 

Mr. Richard Johnson at The Nightingale Breast Unit, Wythenshawe Hospital on 0161 998 

7070 and ask to be put through to the Nightingale Unit reception. 

 

If you would like to discuss the study with someone who is not involved in the study, please 

contact your local Patient Advice and Liaison Service (PALS) at pls@uhsm.nhs.uk or 

telephone 0160 291 5600.   
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179 
 

7.3 BROWSE CRF  

 

 

 

 

 
 

 

 

 

 

   

 

 

 

 

 

CASE REPORT FORM 

 

Breast Reconstruction Outcomes With and without StratticE 

BROWSE 

Clinical Trial Site Name: UHSM/RVI/BRI 

Chief Investigator: Mr. R. Johnson 

Co-investigators: Miss. C. Kirwan, Mr J. Harvey,  

Ms R. Wilson, Mr J. O’Donoghue and Mr. R. Linforth 

 

 

Participant Initials: ____________________________ 

 

Participant Study Number: ______________________ 
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STUDY: BROWSE  

Baseline Visit 1 

 

Date of visit:     Centre:     

 

Screening Inclusion Criteria  ALL ANSWERS SHOULD BE COMPLETED YES   

                         

 

 
 

Yes No 

1 Patient is female >18  
 

 

 

 

  2 Patient is capable of informed consent  
 

 

 

 

3 Implant based breast reconstruction with or without Strattice >6 months 

ago 

 

 

 

 

 

 

Screening Exclusion Criteria             ALL ANSWERS SHOULD BE COMPLETED NO 

 

                    Yes       No 

    

1 Delayed reconstruction 
 

 

 

 

 

 

Confirm eligibility to study:  Yes   No  

Date of consent:  (Version………..   Date:………………..) 

 

Date notes audited: 

According to the patient any further intervention since: 
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________ 
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At the time of the initial surgery: 

Relevant Past Medical History 

  

  

  

 

Relevant Medications 

  

  

  

 

Diabetes:  Yes   No  

Smoker:  Yes   No   Ex  

Previous chest wall radiotherapy  Yes   No  

 

 

 

Baseline details: 

 

 

Date of birth 

 

 

Age at registration 

 

Height (m) 

 

Weight (Kg)  

 

BMI 

 

 

/ /  

 

 

 

 

 

 

 

 

.  kg/m2 
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CLINICAL DETAILS  

Neo-adjuvant treatment: Yes   No    

Dates ________________________ 

 

LEFT BREAST      RIGHT BREAST 

Consultant _____________________________ Consultant 
__________________________ 

Date of surgery _________________________ Date of surgery 
______________________   

Reason for surgery:      Reason for surgery: 

Risk reducing  Cancer  DCIS  Risk reducing Cancer  DCIS  

Mastectomy performed:    Mastectomy performed: 

SSM  NSM  Simple   SSM  NSM  Simple  

 

Reconstructive procedure performed:  Reconstructive procedure performed: 

Total cover Strattice     Total cover Strattice  

Subpectoral + Strattice      Subpectoral + Strattice  

Total submuscular coverage     Total submuscular coverage  

Upper pectoral coverage      Upper pectoral coverage  

Subcutaneous implant      Subcutaneous implant  

Dermal sling       Dermal sling  

Other ________________________________  Other ____________________________ 

 

 

LEFT BREAST       RIGHT BREAST 

Incision used:      Incision used: 

Horizontal        Horizontal  

Lateral        Lateral    

Vertical        Vertical  

Wise pattern      Wise pattern  

IMF       IMF  

  

Weight of specimen (g) __________________ Weight of specimen (g) _____________ 
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Axillary Procedure:     Axillary Procedure: 

None  SNB   Sample   None  SNB   Sample  

Clearance       Clearance  

         

Expander Yes   No    Expander Yes  No  

Brand ________________________________ Brand ___________________________ 

Initial volume inserted __________________ Initial volume inserted ______________ 

 

Implant Yes   No    Implant Yes  No  

Brand ________________________________ Brand ___________________________ 

Implant inserted _______________________ Implant inserted___________________ 

 

NPWT Dressing used Yes  No    NPWT Dressing used Yes  No  

 

Strattice size _________________________  Strattice size ______________________ 

 

Histology (TNM) _______________________ Histology (TNM) ___________________ 

   

Operative time (mins) ___________________ Operative time (mins) _______________ 

 

Antibiotic use:  Peri-op  Yes   No     

   Post-op Yes   No   

 

Adjuvant treatment  

Chemotherapy  Yes   No    

 Herceptin   Yes   No      

Chest wall Radiotherapy Yes   No    

Endocrine   Yes   No    

 

Post-op complications 

 Suspected Infection 1a     1b   1c    No  

Antibiotics given  Yes   No  

 

Wound dehiscence/delayed healing 1a     1b    No  
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Further description 
_____________________________________________________________________
_____________________________________________________________________
________________________ 

 

 Seroma Yes   No   Required aspiration Yes  No  

       No. of aspirations __________________ 

  

 Implant loss Yes   No  

 Date _________________________ 

Details 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
____________________________________ 

  

  

Readmission 
______________________________________________________________________ 

Within 30 days: Yes   No  

 

 Re-operation: Yes   No    

 

Planned: Yes   No    

Details_______________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
____________________________________________________________ 

  

Unplanned: Yes   No  

 Reason:  

Haematoma     Infection    Capsular contracture  
 Malposition   Rupture   Asymmetry    
  Patient request style/size change     Other  
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Date (s) ______________________________________________________________ 

Details_______________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
____________________________________________________________ 

 

  



186 
 

STUDY: BROWSE 

Clinical Assessment   

 

Date of visit: 

 

Chaperone: 

 

 

Baker Grade 

 

LEFT BREAST      RIGHT BREAST 

Research Fellow  1   2  3  4  Research Fellow 1  2 3 4  

Patient   1   2  3  4  Patient       1  2 3 4  

 

 

Tonometer Readings   

 

Right breast       Left breast   
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PROMs Questionnaire given Yes   No  

 

Medical Photographs  Yes   No   

 

 

 

 

Data set complete Yes   No  

Signed _______________________________ 

Date ____________________ 
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7.4 Medical illustration SOP 

Document Number BMP01 

Date Created 15/09/2016 

Version 1.0 

Status  

Date Approved  

Next review date  

Approved by  Helen Carruthers, Medical Illustration, UHSM 

Author Rebecca Wilson, Research Fellow, UHSM 

 

1. Purpose 

To clearly define the role of Medical Illustration Department in the BROWSE study.  This 

document is to further clarify the information provided in the BROWSE Study protocol. 

2. Scope 

For Medical Illustration Department staff and Research Personnel coordinating the research at 

each site. 

3. Summary 

Medical Illustration department are to take relevant photographs after the clinical assessment 

visit. 

4. Procedure 

• Patient consents to participate in BROWSE Study including having photographs taken 

• Use BROWSE sticker on the Medical Illustration request form, so the team know they are 

part of the study 

• Medical illustration to go through their standard consent procedure 

• Three views to be taken, following the Institute of Medical Illustrators National Guidelines 

stating that the standard breast views illustrate the chin down to the navel, ensuring the 

shoulders are visible. Ask patients to place their hands “loosely” behind their back, tie 

back any hair that covers the shoulders or neckline in order to expose the anatomical 

reference points 

o Anterior – sternum in centre of the frame 

o Right and left lateral – parallel to the coronal plane 

• Vertical format 

• Please use the same off-white (or similarly neutral) background for each patient 

• Report as per standard care 

• Annonymise photo with initials and study participant number (found on BROWSE sticker 

on request form) only and save electronically 

• At the end of study please provide all annonymised photos on a disc to the research 

fellow (Rebecca Wilson) 
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7.5 Aesthetic assessment SOP 

 

Document Number BAS01 

Date Created 02/08/2017 

Version 1.0 

Status  

Date Approved  

Next review date  

Approved by  James Harvey, Consultant, UHSM 

Author Rebecca Wilson, Research Fellow, UHSM 

 

1. Purpose 

To clearly define the role of those scoring the photographs for the cosmetic assessment 

section of the BROWSE Study.  This document is to further clarify the information provided in 

the BROWSE Study protocol 

 

2. Scope 

For the blinded panel chosen to score each anonymous photograph taken of patients who 

have undergone implant based breast reconstruction and participated in the BROWSE Study 

   

3. Summary 

The panel of assessors are asked to score using the below scale the photographs displayed 

on the power point presentation of participants of the BROWSE Study 

  

4. Procedure 

• Familiar self with the following 10-point Visser scale (62) 

Characteristic Scale 

Breast volume   

  

 

1 (very dissatisfied)             2             3             4             5 (very satisfied) 

Breast shape 

Breast symmetry 

Breast scars 

Nipple/NAC 

General satisfaction 

 

1 (extremely dissatisfied)   2   3   4   5   6   7   8   9   10 (extremely satisfied)                                  
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• Extract the PDF document from the USB/DVD using the password provided 

• The photos are displayed with the participant study number in the top left corner, 

ensure this correlates with the row you are filing out  

• The photos will be displayed one per slide (front and 2x lateral) 

• Fill out the scoring chart (appendix 1) using the Visser scale above 

• Give a score for breast volume, breast shape, breast scars, nipple/NAC and general 

satisfaction for each breast but only once score for symmetry looking at the breasts 

together 

 

 

Appendix 1 

Study 

No. 

Side 

L/R 

Breast 

volume 

Breast 

shape 

Breast 

symmetry 

Breast 

scars 

Nipple/NAC General 

satisfaction 

  1 2 3 4 5 1 2 3 4 5 

1 2 3 4 5 

1 2 3 4 5 1 2 3 4 5  

  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5  

  1 2 3 4 5 1 2 3 4 5 

1 2 3 4 5 

1 2 3 4 5 1 2 3 4 5  

  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5  

  1 2 3 4 5 1 2 3 4 5 
1 2 3 4 5 

1 2 3 4 5 1 2 3 4 5  

  1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5  
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7.6 Breast Q (post-operative reconstruction module)  

The following questions are about your breasts and breast reconstruction surgery.  After reading each question, please circle 
the number in the box that best describes your situation.  If you are unsure how to answer a question, choose the answer that 
comes closest to how you feel.  Please answer all questions. 
 
1. With your breasts in mind, in the past 2 weeks, how satisfied or dissatisfied have you been with: 
  

Very 
Dissatisfied 

Somewhat 
Dissatisfied 

Somewhat  
Satisfied 

Very  
Satisfied 

 
a. a. How you look in the mirror clothed?  

1 2 3 4 

 
a. b. The shape of your reconstructed breast(s) 

when you are wearing a bra?  

1 2 3 4 

 
a. c. How normal you feel in your clothes?  

1 2 3 4 

 
a. d. The size of your reconstructed breast(s)?  

1 2 3 4 

 
e. Being able to wear clothing that is more fitted?  

1 2 3 4 

f. How your breasts are lined up in relation to each other? 1 2 3 4 

 
g. How comfortably your bras fit?  

1 2 3 4 

h. The softness of your reconstructed breast(s)? 1 2 3 4 

 
i. How equal in size your breasts are to each other?  

1 2 3 4 

j. How natural your reconstructed breast(s) looks? 1 2 3 4 

 
k. How naturally your reconstructed breast(s) sits/hangs?  

1 2 3 4 

 
l. How your reconstructed breast(s) feels to touch?  

1 2 3 4 

 

m. How much your reconstructed breast(s) feels like a 
natural part of your body?  

1 2 3 4 

 

n. How closely matched your breasts are to each other?  
1 2 3 4 

 

o. How your reconstructed breast(s) look now compared to 
before you had any breast surgery?  

1 2 3 4 

 

p. How you look in the mirror unclothed?  
1 2 3 4 

Please check that you have answered all the questions before going on to the next page 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
This question is about breast reconstruction using IMPLANTS.  If you do not have an implant(s) please skip to question 3.  If 
you do have an implant(s), please answer question 2 below. 
 
2. In the past 2 weeks, how satisfied or dissatisfied have you been with: 
  

Very 
Dissatisfied 

Somewhat 
Dissatisfied 

Somewhat 
Satisfied 

Very  
Satisfied 

 
a. The amount of rippling (wrinkling) of your implant(s) 

that you can see?  

1 2 3 4 

 
b. The amount of rippling (wrinkling) of your implant(s) 

that you can feel?  

1 2 3 4 
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3. We would like to know how you feel about the outcome of your breast reconstruction surgery.  Please indicate how 

 much you agree or disagree with each statement: 
  

Disagree  Somewhat  
Agree 

Definitely 
Agree 

 
a. Having reconstruction is much better than the 

alternative of having no breast(s).  

1 2 3 

 
b. I would encourage other women in my situation to 

have  
breast reconstruction surgery.  

1 2 3 

 
c. I would do it again.  

1 2 3 

 
d. I have no regrets about having the surgery.  

1 2 3 

 
e. Having this surgery changed my life for the better.  

1 2 3 

 
f. The outcome perfectly matched my expectations.  

1 2 3 

 
g. It turned out exactly as I had planned.   

1 2 3 

 
Please check that you have answered all the questions before going on to the next page 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4. With your breasts in mind, in the past 2 weeks, how often have you felt: 
  

None of 
the time 

A little of 
the time 

Some of 
the time 

Most of 
the time 

All of  
the time 

 

a. Confident in a social setting?  
1 2 3 4 5 

 

b. Emotionally able to do the things that you want to 
do?  

1 2 3 4 5 

 

c. Emotionally healthy?  
1 2 3 4 5 

 

d. Of equal worth to other women?  
1 2 3 4 5 

 

e. Self-confident?  
1 2 3 4 5 

 

f. Feminine in your clothes?  
1 2 3 4 5 

  
g. Accepting of your body?  

1 2 3 4 5 

 

h. Normal?   
1 2 3 4 5 

 1 2 3 4 5 
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i. Like other women?  
 

j. Attractive?  
1 2 3 4 5 

 
 

5. Thinking of your sexuality, since your breast reconstruction, how often do you generally feel: 
  

None of 
the time 

A little of 
the time 

Some of 
the time 

Most of 
the time 

All of  
the time 

Not 
Applicable 

 

a. Sexually attractive in your clothes?  
1 2 3 4 5 

 
N/A  

 

b. Comfortable/at ease during sexual 
activity?  

1 2 3 4 5 
 

N/A 

 

c. Confident sexually?  
1 2 3 4 5 

 
N/A  

 

d. Satisfied with your sex-life?  
1 2 3 4 5 

 
N/A 

 

e. Confident sexually about how your 
breast(s) look when unclothed?  

1 2 3 4 5 
 

N/A 

 

f. Sexually attractive when unclothed?  
1 2 3 4 5 

 
N/A 

 
Please check that you have answered all the questions before going on to the next page 

 
 
 
 
 

 
 
 
 
 

 
 
 
 
 
 

 
 
 
 

6. In the past 2 weeks, how often have you experienced: 
  

None of 
the time 

A little of 
the time 

Some of 
the time 

Most of 
the time 

All of  
the time 

 
a. Neck pain?  

1 2 3 4 5 

 
b. Upper back pain?  

1 2 3 4 5 

 
c.  Shoulder pain?  

1 2 3 4 5 

 
d. Arm pain?  

1 2 3 4 5 

 
e. Rib pain?  

1 2 3 4 5 

 
f. Pain in the muscles of your chest?   

1 2 3 4 5 

 
g. Difficulty lifting or moving your arms?  

1 2 3 4 5 

 
h. Difficulty sleeping because of discomfort in your breast 

area?  

1 2 3 4 5 

 
i. Tightness in your breast area?  

1 2 3 4 5 

 
j. Pulling in your breast area?   

1 2 3 4 5 

 
k. Nagging feeling in your breast area?  

1 2 3 4 5 

 
l. Tenderness in your breast area?  

1 2 3 4 5 

 
m. Sharp pains in your breast area?  

1 2 3 4 5 

 
n. Shooting pains in your breast area?   

1 2 3 4 5 

 
o. Aching feeling in your breast area?  

1 2 3 4 5 
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p. Throbbing feeling in your breast area?  

1 2 3 4 5 

 
Please check that you have answered all the questions before going on to the next page 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
This question is about NIPPLE reconstruction.  If you did not have nipple reconstruction, please skip to question 11. 
If you did have nipple reconstruction, please answer question 10 below. 
 
10. In the past 2 weeks, how satisfied or dissatisfied are you with: 
  

Very 
Dissatisfied 

Somewhat 
Dissatisfied 

Somewhat 
Satisfied 

Very  
Satisfied 

 

a. The shape of your reconstructed 
nipple(s)?  

1 2 3 4 

 

b. How your reconstructed nipple(s) and 
areola(s) look?  

1 2 3 4 

 

c. How natural your reconstructed nipple(s) 
look?  

1 2 3 4 

 

d. The color of your reconstructed 
nipple/areolar complex?  

1 2 3 4 

 

e. The height (projection) of your 
reconstructed nipple(s)?  

1 2 3 4 

 
Please check that you have answered all the questions before going on to the next page 
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11. How satisfied or dissatisfied were you with the information you received from your plastic surgeon about: 
  

Very 
Dissatisfied 

Somewhat 
Dissatisfied 

Somewhat  
Satisfied 

Very  
Satisfied 

 

a. How the breast reconstruction surgery was to be 
done?  

1 2 3 4 

 

b. Healing and recovery time?  
1 2 3 4 

 

c. Possible complications?  
1 2 3 4 

 

d. The options you were given regarding types of breast 
reconstruction?  

1 2 3 4 

 

e. The options you were given regarding timing of your 
breast reconstruction (i.e. same time as your 
mastectomy versus later)?  

1 2 3 4 

 

f. The pros and cons of the timing of your breast 
reconstruction?  

1 2 3 4 

 

g. How long the process of breast reconstruction would 
take from start to finish?  

1 2 3 4 

 

h. What size you could expect your breasts to be after 
reconstructive surgery?  

1 2 3 4 

 

i. How much pain to expect during recovery?  
1 2 3 4 

 

j. What you could expect your breasts to look like after 
surgery?  

1 2 3 4 

 

k. How long after reconstruction surgery it would take to 
feel like yourself/feel normal again?  

1 2 3 4 

 

l. How the surgery could affect future breast cancer 
screening (e.g. mammogram, self examinations)?  

1 2 3 4 

 

m. Lack of sensation in your reconstructed breast(s) and 
nipple(s)?  

1 2 3 4 

 

n. What other women experience with their breast 
reconstruction surgery?  

1 2 3 4 

 

o. What the scars would look like?  
1 2 3 4 

 

 

 

BREAST-Q™ © Memorial Sloan-Kettering Cancer Center and The University of British Columbia, 2006, All rights reserved 
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7.7 Capsule participant information sheet 

 

The Capsule Study 

A study investigating the mechanisms associated with capsule formation in patients undergoing breast 

reconstruction with implant and acellular dermal matrix (ADM) 
 

 

PARTICIPANT INFORMATION SHEET 

Version 3 dated 1st June 2016  

 

Principle Investigator: Miss Cliona Kirwan 

Sponsor: University Hospital of South Manchester 

 

We would like to invite you to take part in our study.  Before you decide it is important you read this information 

leaflet so you can understand why this research is being done and what it will involve.  Talk to others about this 

if you wish.  One of our researchers will also talk you through it and answer any questions you may have.  Take 

your time to decide. 

 

Purpose of the study 

When an implant is inserted into the breast, scar tissue (a capsule) forms around it.  A common problem 

following implant-based reconstruction is capsular contracture.  This is when the capsule becomes hard, 

potentially causing the breast to look and feel different and even sometimes causing pain.   

 

It is reported that capsular contracture may be less in patients who under go breast reconstruction with implant 

and ADMs.  We want to investigate further in to why this may be. 
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Why have I been invited? 

You have had a reconstruction with an implant (or tissue expander) and ADM. As part of your treatment you 

require a second operation.  It is during this second operation that we will take four small pieces of the capsule, 

which will be tested, in the laboratory. 

 

Do I have to take part? 

It is up to you to decide to join the study. We will describe the study and go through this information sheet. If 

you agree to take part, we will then ask you to sign a consent form. You are free to withdraw at any time, without 

giving a reason. This would not affect the standard of care you receive. 

 

What will happen to me if I take part? 

During your operation we will need to take out your current implant. At this time we will be able to see the 

capsule that has formed inside your reconstruction. If you take part, after the implant is taken out as part of 

your operation, four small pieces, approximately 5mm each, will be taken from the capsule. Two from the upper 

part near the muscle and 2 from the lower part near the ADM.  The rest of your operation will continue as 

normal. These pieces will be sent to the laboratory at Manchester University for further tests.  After your 

operation, you will be looked after the same as if you were not in the study.  

 

What will I have to do? 

The good thing about this study is that you have to do very little. In fact, you will not have to do anymore than 

if you were not part of the study.  All you need to do is to come to hospital for your given date for surgery and 

we will do the rest.   

 

Expenses and payments 

There will be no extra expenses to you for taking part in the study.  The study is completely voluntary and there 

is no payment for participating. 

 

What are the possible disadvantages and risks of taking part?  

As with all surgery, there is a small risk of bleeding. This is the case for your operation even if you do not take 

part in this study. However, as we are making very small extra cuts in the capsule, the risk of bleeding is very 

slightly increased. Throughout the operation, the surgeon will be using techniques to decrease the chance of 

bleeding. Large bleeding following this type of surgery is very rare, however bleeding can make the long term 

results of the breast reconstruction less satisfactory. Very rarely, the implant may need removing.  

 

What are the possible benefits of taking part? 

There are no direct benefits for you in taking part in this study. Although ADMs have been used in breast 

reconstruction since 2008; there are no big long-term studies on how it compares to traditional reconstruction 
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with an implant only.  Taking part in this study may help other women, in the future, to make decisions about 

their choice of reconstruction.   

 

What will happen if I decide I do not want to carry on with the study? 

You are free to withdraw from the study at any time, without a reason.  If you do withdraw, we may want to use 

the information we had collected up until that point. 

 

Will my taking part in this study be kept confidential? 

Yes.  All of your personal data will be regarded as strictly confidential.  The information collected will be kept in 

a locked filing cabinet or a NHS password protected computer both with restricted access.  If any data does have 

to leave the site your information will be identified using a unique code specific to this study, so you will not be 

recognized. 

 

Members of the research team will routinely access identifiable data.  However, some parts of your medical 

records and the data collected may be looked at by authorized people to check that the study is being carried 

out correctly.  All will have a duty of confidentiality to you as a research participant and we will do out best to 

meet this duty. 

 

What will happen to the results of the research study? 

We are hoping that the results of this study will be published in peer review journals and presented at 

International/National Meetings.  A summary of the results will be available on request.  Neither you nor any of 

your personal information will be identifiable in the reporting of the results.   

 

Who is organising and funding this research? 

The Capsule Study is organised by leading breast surgeons at the University of Manchester and University 

Hospital of South Manchester, together with researchers at LifeCell EMEA Ltd (the company that makes 

Strattice™ Tissue Matrix). Your doctor will not receive any personal financial payment if you take part.  

 

This research is being paid for by LifeCell EMEA Ltd. The National Health Service Research and Development 

Executive are paying for the extra nursing and administrative costs incurred by the hospitals. 

 

Who has reviewed the study? 

All research in the NHS is looked at by independent group of people, called a Research Ethics Committee, to 

protect your interests. This study has been reviewed and given favourable opinion by The North West Research 

Ethics Committee. 
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Further information and contact details 

If you require any further information regarding: 

1. General information about research please do not hesitate to contact South Manchester NHS 
Foundation Trust Research and Development Department on 0161 291 4651 

2. Specific information about this research project, advice as to whether to participate or if you have a 
concern about any aspect of this study, you should ask to speak to the researchers who will do their 
best to answer your questions.  They can be contacted on 0161 998 7070, during 9am – 5pm, Monday 
to Friday, if you ask to be put through to the Nightingale Centre. 

3. If you would like to discuss the study with someone who is not involved in the study, please contact 
your local Patient Advice and Liaison Service (PALS) at pals@uhsm.nhs.uk or telephone 0161 291 5600.   

 

 

 

Thank you for taking the time to read this 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

mailto:pals@uhsm.nhs.uk
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7.8 Capsule Study CRF 

 

 

 

 

 
  

 

 

 

 
   

 

CASE REPORT FORM 

 

Capsule Study 

Clinical Trial Site Name: UHSM 

Chief Investigator: Miss. C. Kirwan 

Co-investigators: Mr. A. Bayat, Mr J. Harvey, Miss R. Teasdale 

 

 

Participant Initials: ____________________________ 

 

Participant Study Number: ______________________ 

 
I am confident that the information supplied in this case record form is complete and accurate data.  I confirm that 

the study was conducted in accordance with the protocol and any protocol amendments and that written informed 

consent was obtained prior to the study. 

 

Investigator signature:__________________________ 

 

Date:_______________ 
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STUDY: Capsule 

Baseline Visit 1 

 

Date of visit:     Centre: UHSM     

 

Screening Inclusion Criteria  ALL ANSWERS SHOULD BE COMPLETED YES   

                         

 

 
 

Yes No 

1 Patient is female >18  
 

 

 

 

  2 Patient is capable of informed consent  
 

 

 

 

3 Further surgery after implant based breast reconstruction with lower 

pole coverage with Strattice 

 

 

 

 

 

 

Screening Exclusion Criteria             ALL ANSWERS SHOULD BE COMPLETED NO 

 

                    Yes       No 

    

1 Delayed reconstruction 
 

 

 

 

2 Total cover Strattice reconstruction     

 

 

Confirm eligibility to study:  Yes   No  

 

Date of consent:  (Version………..   Date………………..) 
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At the time of the initial surgery: 

Relevant Past Medical History 

  

  

  

 

Relevant Medications 

Steroids  

Anti-coagulants  

  

 

History of abnormal scarring: Yes   No  

 

Diabetes:  Yes   No  

 

Smoker:  Yes   No   Ex  

 

Previous chest wall radiotherapy  Yes   No    Details 
___________________________ 

 

 

Baseline details: 

 

 

Age at registration 

 

Height (m) 

 

Weight (Kg)  

 

BMI 

 

 

 

 

 

 

 

 

.  kg/m2 
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CLINICAL DETAILS  

LEFT BREAST       RIGHT BREAST 

Date of original reconstructive surgery    Date of original reconstructive 
surgery  

______________      _________________   

Reason for surgery:       Reason for surgery: 

Risk reducing  Cancer     Risk reducing  Cancer 
  

             

Prosthesis used:   

Expander Yes   No     Expander Yes   No 
 

Brand ____________________________________  Brand 
__________________________________ 

Initial volume inserted ______________________  Initial volume inserted 
____________________ 

 

Implant Yes   No     Implant Yes   No 
 

Brand ____________________________________  Brand 
__________________________________ 

Implant inserted _______________________________ Implant 
inserted________________________ 

 

Adjuvant treatment     

Chest wall Radiotherapy Yes   No    

  

Post-op complications (occurring after original reconstruction or subsequent revisions prior 
to this one) 

 Infection Yes   No    

 

Wound dehiscence/delayed healing  Yes   No  

 

Further description 
_____________________________________________________________________
_____________________________________________________________________
________________________ 
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 Seroma Yes   No   Required aspiration Yes  No  

       Requiring drain >2/52 Yes  No  

 Implant loss Yes   No  

 Date _________________________ 

Details 
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
____________________________________ 

  

 Further surgical procedures (between now and the original reconstruction)   Yes  
 No  

 Date(s)_______________________________________________________________ 

Details_______________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
________________________________________________ 

 

Current Procedure 

Date______________________________ 

Details_______________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
____________________________________ 

 Reason:  

Second stage expander to implant   Capsular contracture  

 Malposition  Patient request style/size change   Rupture  

   Asymmetry   Other  -

______________________________________________________________________ 
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Clinical Assessment   

 

Date of visit: 

 

Chaperone: 

 

Baker Grade 

 

LEFT BREAST       RIGHT BREAST 

Research Fellow  1   2  3  4   Research Fellow 1  2  3 

 4  

Patient   1   2  3  4   Patient       1  2  3 

 4  

 

 

Tonometer Readings   

 

LUOQ __________ LUIQ __________ LLOQ __________ LLIQ __________ 

RUOQ __________ RUIQ __________ RLOQ __________ RLIQ __________ 

   

 

 

 

Data set complete Yes   No  

Signed _______________________________ 

Date ____________________ 
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