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Breast cancer and treatment 

During a female’s lifetime, there is a one out of eight chance to develop breast cancer.1 
Breast cancer in women is usually diagnosed after a referral from the general practitioner to 
the hospital due to complaints of the breast or through population screening. The diagnosis 
is made after a combination of physical examination, medical imaging and obtaining tissue 
through a biopsy for histological examination. 

After the diagnosis of breast cancer, the treatment depends on numerous factors, including 
the ratio of breast to tumour size, stadium of the tumour, multicentricity of disease, family 
history, the patients’ health, age, availability of radiation therapy, personal preferences, and 
preferences by the health care providers. It is important to discuss these options with the 
patient but also with a multidisciplinary team caring for breast cancer patients. This team 
includes breast surgical oncologists, radiologists, pathologists, nuclear medicine specialists 
and plastic surgeons.2 

Patients diagnosed initially with clinically stage II and III breast cancers are given staging work-
up to rule out metastasis. For larger tumours and especially young patients, neoadjuvant 
chemotherapy or endocrine therapy should be considered to reduce the tumor size in a 
way that lumpectomy becomes feasible. In general, there is no survival advantage for a 
neoadjuvant approach versus surgery first.3 

Breast Conserving Surgery with and without reconstruction 

Breast Conserving Surgery (BCS)
Breast conserving surgery is the management of early-stage breast cancer with a lumpectomy 
followed by adjuvant radiation. Several studies have shown that this approach provides an 
equivalent survival to a mastectomy.4-6 In case of a non-palpable mass, the tumour is marked 
preoperative with a clip and iodine seed, to locate the tumor during surgery. After removing 
the tumor with a margin of assumed healthy tissue, it is sent for an ex vivo radiograph to 
ascertain whether the tumor is removed. 7

Oncoplastic Surgery 
Oncoplastic surgery was first mentioned in 1993 by Audretsch et al and describes 
techniques to reconstruct the breast directly following a lumpectomy.8,9 Oncoplastic 
surgery is indicated if the tumour removal might avert aesthetic deformities of the breast 
resulting from conservation therapy. Whether oncoplastic reconstruction is required can 
be estimated by the Hoffman-Wallwiener classification (Figure 1), the tumor ratio and the 
tumor localization.10
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It is estimated that 20-35% of patients treated with BCS have unfavorable aesthetic 
outcomes.2 Unfortunately, repairing breast conserving deformities after radiation therapy 
is difficult. The most unfavorable breasts require full ablation and full reconstruction with 
preferably autologous tissue. Smaller problem zones can subside with either a reduction 
mammoplasty with high chances of postoperative complications or lipofilling with high 
chances of failure of ingrowth of the transferred fat tissue. Therefore, it is of importance 
that the decision for the need of a lumpectomy with direct breast reconstruction is made 
before the lumpectomy is planned. Still, this makes the surgery larger, presumably with 
larger scars than a lumpectomy only. The literature is not clear how this affects patient 
satisfaction.11-13 One might think that larger surgeries decrease the quality of life. Therefore, 
one of the questions in this thesis poses how satisfied are the patients after receiving an 
oncoplastic reconstruction?

Figure 1. Classification of ablative and breast-conserving surgical procedures for the treatment of breast cancer
Source: Hoffmann, Jürgen & Wallwiener, Dr. Diethelm. (2009). Classifying breast cancer surgery: A novel, complexity-based system for oncological, 
oncoplastic and reconstructive procedures, and proof of principle by analysis of 1225 operations in 1166 patients. BMC cancer. 9. 108. 10.1186/1471-
2407-9-108.
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Oncoplastic surgery techniques 
Oncoplastic reconstruction after breast conserving surgery is preferably done in the 
same session as the lumpectomy. There is no standardized algorithm to decide which 
reconstruction is best for which patient. The decision of which procedure is more appropriate 
is multifactorial but is ultimately determined by breast size, tumor size, and tumor location.2,10 
Being familiar with the various reconstructive techniques will allow the reconstruction of 
almost any lumpectomy defect. Broadly speaking, the different technologies can be divided 
into two groups:

• Volume displacement: mobilization of the breast plate from the area immediately 
around the defect in a breast flap advancement technique.14 The most popular technique 
of volume displacement is the reduction technique.15 Other examples are the batwing 
mastopexy, breast flap advancement, nipple-areolar centralization and parenchymal 
remodeling. 4,14,16

• Volume replacement: when additional breast volume is required to match the opposite 
breast or when skin is required to replace a resection that included parenchyma and 
skin.14 This includes local fasciocutaneous flaps, perforator flaps, latissimus dorsi flaps, 
and other distant flaps.17,18 

In both groups the goals are preservation of nipple viability, reshaping of breast mound and 
closure of dead space are very important.2 Preoperative planning and preoperative markings 
are important for the best result. Depending on the reconstruction method, the adjuvant 
radiotherapy should be adjusted. Considering the shifting of the clips and displacement of 
healthy tissue in the old tumor cavity. 

Mastectomy with and without reconstruction 

Mastectomy
The mastectomy procedure used to involve a wide excision of all breast tissue, all overlying 
skin and the pectoralis major muscle including excision of lymph nodes levels one to three. 
Nowadays the most commonly performed mastectomy is the one where they remove all 
breast tissue including the nipple-areola complex and an ellipse of skin around the nipple-
areola complex. A skin sparing mastectomy resects all breast tissue through a circum-areolar 
incision including resection of the nipple while preserving the skin envelope, facilitating 
immediate breast reconstruction. A nipple-sparing mastectomy is a modification of the skin-
sparing mastectomy that preserves the nipple-areola complex.19
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Breast reconstruction after mastectomy
There are several options for reconstructing a breast after mastectomy, both in timing and 
technique. Reconstruction of the breast after mastectomy can be done by an implant or 
autologous tissue. 

Implant reconstruction
A breast implant can replace the breast volume that has been lost. There are some different 
techniques that can be applied in case of direct implant-based breast reconstruction following 
the mastectomy. The surgeon usually chooses for a one- or two-stage reconstruction 
procedure. 20 The traditional two-stage reconstruction techniques uses a tissue expander 
in the retro-pectoral plane to expand the retro-pectoral space over months. In a second 
procedure, the tissue expander is replaced for the definite implant.21  
 The other option which gains popularity by both patients and surgeons, is a direct 
reconstruction with an implant, also known as the single-stage breast reconstruction. 
The final implant is placed immediately after the mastectomy without the use of a tissue 
expander. 20,22 With a single-stage technique the surgeon chooses carefully how the implant 
is placed; behind the pectoral muscle or on top of the muscle. An ADM can be used to 
cover the implant. An ADM is developed from human or animal skin and creates an extra 
cover over the implant where needed (fig 2).23 All ADMs have their own prices and their 
own using guidelines. The use of an ADM has advantages but might also pose risks for the 
patient.24,25 This thesis addresses this issue of one specific ADM and explores the use of 
ADMs in the Netherlands using the data of the Dutch Breast implant registry to uncover 
preferred practices and develop a prediction model.26

Figure 2. ADM creates an extra cover over the implant
Source: Ricci J.A., Chun Y.S. (2016) Minimizing the Risk of Postoperative Complications in Implant-Based Breast Reconstruction Using Acellular Dermal 
Matrix. In: Shiffman M. (eds) Breast Reconstruction. Springer, Cham. https://doi.org/10.1007/978-3-319-18726-6_149
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Autologous tissue reconstruction 
If the patient has a preference for reconstruction with autologous tissue, this is mostly done 
by a pedicled or free flap. 2 It depends on the breast size, tissue surplus of the body of the 
patient and the blood flow of the tissue which autologous reconstruction is preferred. The 
most used pedicled flap is the latissimus dorsi flap that is created from tissue of the back of 
the patient. The options for the use of a free flap to reconstruct the breast are extensively 
increased over the years. Nowadays it is possible to reconstruct a breast after mastectomy 
with a free flap of the abdomen such as the DIEP-flap (deep inferior epigastric perforator 
flap), the gluteal region such as the SGAP (superior gluteal artery perforator flap) or the 
SC-GAP (septocutaneous gluteal artery perforator flap), and the thigh using the TUG/DUG-
flap (transverse/diagonal-upper gracilis flap) or the LTP-flap (lateral thigh perforator flap) or 
lumbar flap. 27-32 Research is currently being conducted into breast reconstruction by means 
of serial sessions of lipofilling.33,34 

Timing of reconstruction after mastectomy 

Reconstruction after a mastectomy offers the choice of primary or secondary reconstruction. 
In literature, the terms “immediate” and “delayed” breast reconstruction are sometimes 
being used to describe the difference in timing.
 Primary reconstruction is performed directly after the mastectomy during the same 
operation. Especially in case of an autologous breast reconstruction; there is a logistic challenge 
to have the reconstructive team available immediately after the mastectomy. Some hospitals 
therefore choose to have a direct reconstruction with a tissue expander, replacing the tissue 
expander to autologous tissue after some time to overcome the logistic challenge.
 Secondary or delayed reconstruction means that the mastectomy occurs first. After 
some time, the choice is made to reconstruct a breast. Most patients choose a secondary 
reconstruction in case a patient is in doubt if she wants to reconstruct the breast, but also if 
radiotherapy is needed. 
 Primary and secondary reconstruction is possible for implant based and autologous 
breast reconstruction. 

Complications in breast reconstruction 

As with any surgery, there are also risks of complications with receiving a breast 
reconstruction.2 Complications can range from minor complications requiring only a few 
additional outpatient visits to major complications requiring reoperation and even failure of 
the reconstruction. One way to score the severity of postoperative complications is by using 
the Clavien-Dindo classification.35 This classification is scaled from grade I to V, in which 
grade I defines a complication without the need for pharmacological treatment or surgical, 
endoscopic and radiological interventions. Grade V defines a complication in which the 
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patient dies. Postoperative complications after breast reconstruction are mainly in grade I 
to IIIB. As shown in Table 1. 

Table 1. Clavien-Dindo Classification

Grades Definitions of grades Modes of therapy

Grade I Any deviation from the normal 
postoperative course. 

No pharmacological or surgical treatment, endoscopic 
or radiological interventions were required. Acceptable 
therapeutic regimes are drugs such as anti-emetics, 
antipyretics, analgesics, diuretics, and electrolytes and 
physiotherapy. Wound infections or small abscess requiring 
incision at bedside is within this category. 

Grade II Normal course altered Pharmacological management other than in Grade 1. Blood 
transfusions and total parenteral nutrition are also included.

Grade III Complications that require 
intervention of various degrees

Grade IIIa – complications that require an intervention 
performed under local anesthesia. 
Grade IIIb – interventions that require general for epidural 
anesthesia. 

Grade IV Complications threatening life of 
patients, requiring ICU support

Grade IVa- single organ dysfunction.
Grade IVb – mutli-organ dysfunction.

Grade V Death of patient

Regardless of the type surgery (lumpectomy, mastectomy with/without reconstruction) 
there is always a risk for hematoma, infection, wound dehiscence, seroma and skin necrosis. 
Depending on the type of reconstruction, some complications occur more often than others. 
Table 2 shows the most common postoperative complications per reconstruction type. Since 
adjuvant therapy is often indicated in the treatment of breast cancer, it is of great importance 
that this is not delayed by postoperative complications. To be able to guarantee the 
effectiveness of the treatment, postoperative complications must be kept to a minimum and 
a realistic picture is needed of the percentage of adjuvant treatment that is actually delayed. 

Table 2. Most common postoperative complications per reconstruction type

Type of breast reconstruction Most common postoperative complications

Oncoplastic reconstruction after 
lumpectomy

Soft tissue infection  
Small wound healing problems
Nipple necrosis in wise pattern 
Fat necrosis and fibrosis due to adjuvant radiotherapy 

Implant-based reconstruction after 
mastectomy

Concerns about postoperative infection with the indication for 
explantation. 
Wound healing problems with skin necrosis due to a poor skin flap after 
mastectomy
Pain in the reconstructed breast 
In the long term: capsular contraction; leakage of the prosthesis for 
which revision is indicated. 

Implant-based reconstruction with 
the use of an ADM 

Seroma
Postoperative infection with the indication for explantation and ADM 
removal. 

Autologous breast reconstruction 
with a free flap after mastectomy 

Wound healing problems, fat necrosis and (partial) flap failure by 
inadequate blood flow after ischemia time during surgery.
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Quality of life & patient satisfaction 

The purpose of breast reconstruction is to improve the patient’s quality of life. It is therefore 
not only important that the surgeon is satisfied with the performed reconstruction, but 
most important is that the patient is satisfied with the result. In the literature, a good or 
satisfying postoperative result observed by the surgeon instead of the patient is often 
mentioned. In addition, non-validated measurement methods are regularly used to express 
this satisfaction. 11-13  Fortunately, in recent years more and more attention has been paid 
to PROMs: Patient Reported Outcome Measures. There has been a trend to use these more 
often in hospitals to measure and control the quality of care. These PROMS usually involve 
general questions, such as fatigue, emotional status, mobilization options and pain. 
 For specialized questions about patient satisfaction and the quality of life of patients 
undergoing breast reconstruction, the BREAST-Q has recently been developed. The BREAST-Q 
is a validated questionnaire, assessed by the patient herself, and gives the practitioners a 
good idea of how the patient feels about their received breast reconstruction.36,37 

Aim of this thesis
In this thesis we focus on three different kinds of breast reconstruction after breast cancer 
surgery:
• Breast reconstruction after breast conserving surgery; where we focus on postoperative 

complications, delay of adjuvant therapy, and postoperative patient satisfaction. 
• Implant-based breast reconstruction after a mastectomy; where we focus on the post-

operative complications in single- and two-stage breast reconstruction with and without 
the use of matrices. 

• Breast reconstruction with a free deep inferior epigastric artery perforator flap; where we 
focus on a solution for perioperative venous congestion and reducing the postoperative 
complications related to perioperative ischemia time. 

Through these studies, we want to make surgeons aware of postoperative complications 
after different kinds of breast reconstruction and give them tools to reduce some of these 
complications. By more information about the postoperative complications, plastic surgeons 
can also better inform patients about the expected risks and expected cosmetic results to 
create a greater patient satisfaction postoperatively. 
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Outline of this thesis

Part I: Breast reconstruction research after breast conserving surgery

Chapter 2: Delay of adjuvant radiotherapy due to postoperative complications after oncoplastic 
breast conserving surgery. 
After breast conserving surgery, there is almost always an indication for adjuvant 
radiotherapy. Since an oncoplastic reconstruction creates a larger wound surface compared 
to breast conserving surgery without reconstruction, it is hypothesized that there is a greater 
chance of postoperative complications. Through this study, we researched the postoperative 
complications after oncoplastic reconstruction before and after adjuvant radiotherapy and 
the delay of adjuvant radiotherapy due to these postoperative complications.

Chapter 3: Protocol of the TOBO-Study: A prospective cohort study of patient satisfaction and 
quality of life after breast conserving therapy with and without oncoplastic reconstruction.
The goal of breast reconstruction is a satisfied patient with a good quality of life. However, 
there is conflicting literature available on postoperative satisfaction after oncoplastic 
reconstruction. In addition, this satisfaction is often indicated by the surgeon and not by the 
patient herself, using different not-validated measurement methods. Therefore, we set up a 
prospective study ourselves to investigate patient satisfaction and their quality of life after 
breast conserving surgery with and without reconstruction, using the BREAST-Q. 

Chapter 4: Patient satisfaction, quality of life and complications after breast conserving 
surgery with or without oncoplastic reconstruction.
Not all breast conserving surgery (with or without reconstruction) ends in the desired 
result. In addition, adjuvant radiotherapy is usually added, which can first of all influence 
the aesthetic result, but also ensures that the repair of deformities afterward becomes very 
difficult. In this chapter, we discuss the results of the TOBO-study (described in Chapter 3) 
regarding the patient satisfaction and quality of life one year after breast conserving surgery 
with and without reconstruction. 

Part II: Research on implant-based breast reconstruction using matrices

Chapter 5: Is a single-stage implant-based breast reconstruction with an acellular matrix safe?
In the Netherlands, two-stage breast reconstructions without the use of an ADM is the 
standard when it comes to implant-based breast reconstruction. However, single-stage 
breast reconstruction with the use of an ADM is increasingly popular abroad. This chapter 
examines the safety of two specific matrices (Strattice™ and Meso Biomatrix®) that 
were used at that time in the Netherlands to perform single-stage implant-based breast 
reconstruction. 
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Chapter 6: Risk of major postoperative complications in breast reconstructive surgery with 
and without an acellular dermal matrix; Development of a prognostic prediction model 
In this chapter, we attempted to create a prognostic model to predict the risk of major 
complications in patients undergoing implant-based breast reconstruction with or without 
the use of an ADM. For this study, we used the data of the Dutch Breast Implant Registry 
(DBIR) that has been collecting information since 2015 on all patients undergoing breast 
implant surgery in the Netherlands and is an opt-out quality and implant registry which 
documents a collection of characteristics of the patient, the surgical procedures, and the 
device (i.e., an implant or a TE) of all implantation, explanation, and revision surgeries in the 
Netherlands.

Part III: Research on autologous breast reconstruction with a free DIEP flap.

Chapter 7: Autologous breast reconstruction with a delay procedure of the deep inferior epigastric 
artery perforator flap (DIEP) because of venous congestion of the flap on pedicle: A case series 
In reconstruction with a free flap, an adequate blood flow of the flap is one of the most 
important aspects for the outcome of the operation. In case a problem in the venous 
congestion is observed during the preparation of the flap, a delay procedure can be a 
salvation. This is quite an exception to the rule. This chapter describes the techniques and 
outcomes of four delayed DIEP flap procedures. 

Chapter 8: Increase of major complications with a longer ischemia time in breast 
reconstruction with a free deep inferior epigastric perforator (DIEP) flap
To reduce the risk of postoperative complications, it is necessary to know which factors 
influence the risk of postoperative complications. It is well known that the tissue goes through 
a period of ischemia time while performing the free flap reconstruction. In this chapter, 
we investigated whether a longer ischemia time also increases the risk of postoperative 
complications in breast reconstruction with a free flap. 



Ch
ap

te
r 1

18

References

1. American Cancer Society. How Common Is Breast Cancer? Published Jan. 2021. Accessed.
2. Neligan PC. Plastic Surgery: Volume 5: Breast 3th edition. 2013.
3. Mauri D, Pavlidis N, Ioannidis JPA. Neoadjuvant Versus Adjuvant Systemic Treatment in Breast 

Cancer: A Meta-Analysis. JNCI: Journal of the National Cancer Institute. 2005;97(3):188-194.
4. Franceschini G, Terribile D, Magno S, et al. Update on oncoplastic breast surgery. Eur Rev Med 

Pharmacol Sci. 2012;16(11):1530-1540.
5. Crown A, Wechter DG, Grumley JW. Oncoplastic Breast-Conserving Surgery Reduces 

Mastectomy and Postoperative Re-excision Rates. Ann Surg Oncol. 2015;22(10):3363-3368.
6. Moo TA, Sanford R, Dang C, Morrow M. Overview of Breast Cancer Therapy. PET Clin. 

2018;13(3):339-354.
7. NABON. Landelijke Richtlijn Borstkanker. In. version 2.0. Oncoline: Integraal Lankercentrum 

Nederland 2020.
8. Clough KB, Kroll SS, Audretsch W. An approach to the repair of partial mastectomy defects. Plast 

Reconstr Surg. 1999;104(2):409-420.
9. Audretsch WR, M. Kolotas C, et al. Oncoplastic surgery in breast conserving therapy and flap 

supported operability. Paper presented at: annual symposium on breast surgery and body 
contouring; 1993; Santa Fé, NM.

10. Hoffmann J, Wallwiener D. Classifying breast cancer surgery: a novel, complexity-based system 
for oncological, oncoplastic and reconstructive procedures, and proof of principle by analysis of 
1225 operations in 1166 patients. BMC Cancer. 2009;9:108.

11. De La Cruz L, Blankenship SA, Chatterjee A, et al. Outcomes After Oncoplastic Breast-
Conserving Surgery in Breast Cancer Patients: A Systematic Literature Review. Ann Surg Oncol. 
2016;23(10):3247-3258.

12. Yazar SK, Altınel D, Serin M, Aksoy Ş, Yazar M. Oncoplastic Breast Conserving Surgery: Aesthetic 
Satisfaction and Oncological Outcomes. Eur J Breast Health. 2018;14(1):35-38.

13. Bertozzi N, Pesce M, Santi PL, Raposio E. Oncoplastic breast surgery: comprehensive review. Eur 
Rev Med Pharmacol Sci. 2017;21(11):2572-2585.

14. Noguchi M, Yokoi-Noguchi M, Ohno Y, et al. Oncoplastic breast conserving surgery: Volume 
replacement vs. volume displacement. Eur J Surg Oncol. 2016;42(7):926-934.

15. Hüter J. [Tumor-adapted oncoplastic mastopexy and reduction-plasty]. Zentralbl Gynakol. 
1996;118(10):549-552.

16. Matkowski R, Szynglarewicz B, Kasprzak P, et al. Batwing mastopexy as oncoplastic surgical 
approach to periareolar tumors in upper quadrants. Tumori. 2012;98(4):421-427.

17. Mericli AF, Szpalski C, Schaverien MV, et al. The Latissimus Dorsi Myocutaneous Flap Is a Safe 
and Effective Method of Partial Breast Reconstruction in the Setting of Breast-Conserving 
Therapy. Plast Reconstr Surg. 2019;143(5):927e-935e.

18. Agrawal SK, Shakya SR, Nigam S, Sharma A, Datta SS, Ahmed R. Chest wall perforator flaps in 
partial breast reconstruction after breast conservation surgery: an additional oncoplastic 



Ch
ap

te
r 1

19

 surgical option. Ecancermedicalscience. 2020;14:1073.
19. Galimberti V, Vicini E, Corso G, et al. Nipple-sparing and skin-sparing mastectomy: Review of 

aims, oncological safety and contraindications. Breast. 2017;34 Suppl 1(Suppl 1):S82-s84.
20. Frey JD, Salibian AA, Karp NS, Choi M. Implant-Based Breast Reconstruction: Hot Topics, 

Controversies, and New Directions. Plast Reconstr Surg. 2019;143(2):404e-416e.
21. Bellini E, Pesce M, Santi P, Raposio E. Two-Stage Tissue-Expander Breast Reconstruction: A Focus 

on the Surgical Technique. Biomed Res Int. 2017;2017:1791546.
22. Bertozzi N, Pesce M, Santi P, Raposio E. One-Stage Immediate Breast Reconstruction: A Concise 

Review. Biomed Res Int. 2017;2017:6486859.
23. Gravina PR, Pettit RW, Davis MJ, Winocour SJ, Selber JC. Evidence for the Use of Acellular 

Dermal Matrix in Implant-Based Breast Reconstruction. Semin Plast Surg. 2019;33(4):229-235.
24. Cuomo R. Submuscular and Pre-Pectoral ADM Assisted Immediate Breast Reconstruction: A 

Literature Review. Medicina (Kaunas). 2020;56(6).
25. Wazir U, Mokbel K. The evolving role of pre-pectoral ADM-assisted implant-based immediate 

breast reconstruction following skin-sparing mastectomy. Am J Surg. 2018;216(3):639-640.
26. Bargon CA, Becherer BE, Young-Afat D, et al. The National Dutch Breast Implant Registry: user-

reported experiences and importance. European Journal of Plastic Surgery. 2020:1-16.
27. Koshima I, Soeda S. Inferior epigastric artery skin flaps without rectus abdominis muscle. Br J 

Plast Surg. 1989;42(6):645-648.
28. Allen RJ, Treece P. Deep inferior epigastric perforator flap for breast reconstruction. Ann Plast 

Surg. 1994;32(1):32-38.
29. Bettex Q, Jaloux C, Abellan Lopez M, Casanova D, Bertrand B, Philandrianos C. [To harvest a 

SIEA flap instead of a DIEP flap in breast reconstruction: A technical note]. Ann Chir Plast Esthet. 
2019;64(2):199-203.

30. Zoccali G, Mughal M, Giwa L, Roblin P, Farhadi J. Breast reconstruction with Superior 
Gluteal Artery Perforator free flap: 8 years of experience. J Plast Reconstr Aesthet Surg. 
2019;72(10):1623-1631.

31. Arnez ZM, Pogorelec D, Planinsek F, Ahcan U. Breast reconstruction by the free transverse 
gracilis (TUG) flap. Br J Plast Surg. 2004;57(1):20-26.

32. Maricevich MA, Bykowski MR, Schusterman MA, 2nd, Katzel EB, Gimbel ML. Lateral thigh 
perforator flap for breast reconstruction: Computed tomographic angiography analysis and 
clinical series. J Plast Reconstr Aesthet Surg. 2017;70(5):577-584.

33. Khouri R, Del Vecchio D. Breast reconstruction and augmentation using pre-expansion and 
autologous fat transplantation. Clin Plast Surg. 2009;36(2):269-280, viii.

34. The BREAST Trial. http://www.thebreasttrial.com/. Accessed.
35. Clavien PA, Barkun J, de Oliveira ML, et al. The Clavien-Dindo classification of surgical 

complications: five-year experience. Ann Surg. 2009;250(2):187-196.
36. Q-Portfolio BREAST-Q. Breast Cancer Web site. Published 2018. Accessed2021.
37. Sugrue R, MacGregor G, Sugrue M, Curran S, Murphy L. An evaluation of patient reported 

outcomes following breast reconstruction utilizing Breast Q. Breast. 2013;22(2):158-161.





IPART

Breast reconstruction after breast 
conserving surgery





2Chapter

Delay of adjuvant radiotherapy due 
to postoperative complications after 

oncoplastic breast conserving surgery

N.S. Hillberg, M.A.J. Meesters-Caberg, J. Beugels, B. Winkens, 
Y.L.J. Vissers, T.J.M. van Mulken 

Breast. 2018 Jun;39:110-116.



Ch
ap

te
r 2

24

Abstract 

Background: 
In the past a mastectomy was the first approach of treating breast cancer. Oncoplastic 
techniques combined with breast conserving surgery (BCS) and radiotherapy has become 
an alternative to mastectomy in patients with non-metastasized breast cancer. The aim of 
this study was to analyze the amount and types of complications occurring after oncoplastic 
BCS before and after adjuvant radio- therapy and the delay of adjuvant therapy due to the 
complications.

Method: 
A retrospective study based on all patients who received immediate oncoplastic BCS by 
a plastic surgeon at two medical hospitals in The Netherlands between 2013 and 2015. 
(n=150). The performed oncoplastic BCS techniques were the primary outcome measures. 
In particular major complications with the need for antibiotics or surgical intervention. A 
one-year follow-up was achieved for all patients.

Results: 
52% of the 150 included patients received an oncoplastic BCS through the reduction pattern, 
35% with a LICAP and 10% with an AICAP. Complications occurred in 37.5% of the patients, 
treatment with antibiotics was needed in 10% and in 6.6% needed a revision operation was 
indicated. 79.6% of all postoperative complications occurred before the start of adjuvant 
radiotherapy. In 8.2% of the patients the adjuvant radiotherapy had to be delayed due to a 
complication.

Conclusion: 
This study provides a detailed overview of the used techniques of oncoplastic BCS and their 
postoperative complications. Most complications occurred before the start of the adjuvant 
radiotherapy. Just a small amount caused a delay for the radiotherapy to start.
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Introduction

Breast cancer represents 25% of all cancers in women and is therefore the most common 
cancer in women worldwide. With 1.7 million newly diagnosed cases in 2012, breast cancer 
is the second most common cancer overall.1 One in every eight women in the EU will develop 
breast cancer before the age of 85.3

 In the past, a mastectomy was the first approach to treat breast cancer. Nowadays, 
breast conserving surgery (BCS) combined with radiotherapy has become the standard local 
treatment for most women with breast cancer. The aim of BCS is complete tumour removal 
performed in a cosmetically acceptable manner.2,3 Combining BCS with plastic tissue 
handling is called oncoplastic breast conserving surgery and was introduced by Audretsch in 
the 1990s.4

 Oncoplastic BCS allows the removal of larger tumours with better aesthetic results 
compared to standard BCS and in various cases a mastectomy can be avoided.5,6 Excision of 
greater than twenty percent of the breast results in more noticeable defects, which makes 
those patients good candidates for oncoplastic BCS.7 Reconstruction is preferably done 
during the same operation as the tumour resection performed. A second surgery to correct 
breast deformities is in general unnecessary.5

 Many different kinds of oncoplastic techniques have been introduced over the years 
to minimize deformities and to obtain the best possible aesthetic satisfaction [5]. These 
techniques can be divided into those that displace volume of surrounded breast tissue and 
techniques where autologous tissue from an extra mammary site is used to replace the lost 
breast tissue.5,8 Oncoplastic BCS through a Wise reduction, Grisotti or Batwing pattern are 
examples of volume displacement. A lateral or anterior intercostal artery perforator (LICAP/
AICAP) flap and the latissimus dorsi flap reconstruction are common techniques of volume 
replacement. The Wise breast reduction pattern can be used for almost all tumour locations 
in patients with large and ptotic breasts and will cause an inverted T-scar on the breast. The 
Grisotti pattern and the Batwing pattern are more suitable for tumours that are located in 
a central location. The Batwing pattern is used for nipple sparing BCS, while a Grisotti flap 
is ideal for non-nipple sparing BCS to create a neo-areola by transposing an area of skin to 
close the defect. Volume replacement with autologous tissue for tumours medially located 
can be provided by an anterior intercostal artery perforator flap (AICAP) where a pedicled 
flap is transposed from the inframammary region to fill up the defect. The LICAP is a pedicled 
flap from the lateral side of the breast to fill up the defect after resection of a laterally 
located tumour. To reconstruct large lateral defects after tumour resection the latissimus 
dorsi myocutaneous flap (LD) can be used.
 Studies have shown that oncoplastic BCS is a safe approach regarding oncologic results 
compared to conservative BCS.2,9-14 Most studies are mainly focused on oncological outcomes 
such as radical resections and recurrence rates. Only few studies focus on the postoperative 
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complications in oncoplastic BCS and the different techniques of reconstruction that are 
used. Also, the influence of radiotherapy on the complication rate is rarely analyzed.15-17

 The aim of this study was to analyse the numbers and types of complications occurring 
after oncoplastic BCS before and after adjuvant radiotherapy and the delay of adjuvant 
therapy due to the complications. We expected to have a higher percentage of radical tumour 
removal with the oncoplastic BCS than non-oncoplastic BCS as described in literature. In 
addition, we expected that most complications would occur after radiotherapy rather than 
beforehand.

Patients and methods

Study population
This retrospective study was based on all patients who received immediate oncoplastic 
breast conserving surgery by a plastic surgeon at the Maastricht University Medical Centre, 
The Netherlands, or at the Zuyderland Medical Centre in Sittard-Geleen, The Netherlands, 
between January 2013 and December 31th 2015. The indication for an oncoplastic BCS 
was made during the consultation at the oncological surgeon preoperatively. If the surgeon 
expected that the shape of the breast would change too much after the lumpectomy, patients 
were sent to the plastic surgeon for an oncoplastic reconstruction. Size of the breast, as well 
as size and location of the tumour play a pivotal role in this decision.
 We used the primary data collected through patient’s records from the pathological, 
surgical, plastic surgical and radiotherapy services. We excluded patients who received a 
mastectomy, patients who received oncoplastic surgery that was not performed by a plastic 
surgeon and patients who received delayed instead of immediate breast reconstruction. The 
study was performed in accordance with the ethical standards of the Declaration of Helsinki.

Outcome measures
Patient demographics and medical records were reviewed. Comorbidities, risk factors, 
oncological status, oncological therapy and operative details were collected. The 
postoperative follow-up period was one year. A major complication was defined as any 
complication requiring antibiotics or surgical intervention. Complications that did not 
require antibiotics or surgical intervention were defined as minor complications. Delay of 
the adjuvant radiotherapy due to a complication was assessed by information from the file 
of the radiotherapists.

Pathological classification criteria
Histology grade was based on Scarff-Bloom-Richardson grading system by microscopically 
examination by a pathologist. Radical resection of the breast cancer was defined as no ink 
on the tumour by microscopically examination by a pathologist.
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Statistical analysis
Descriptive analysis was performed to characterize the demographic variables of the 
patients. Mean and standard deviation (SD) were described for the continuous variables 
with normal distribution and median with interquartile ranges for the continuous variables 
with skewed distribution. Frequencies and percentages were used for categorical variables. 
The time free of (major) complication was measured from the date of the surgery to the 
date of the first complication or, if no complication occurred, to 365 days after the surgery. 
Kaplan-Meier analysis was used to illustrate the time free of (major) complication.
 The demographic variables were compared between the patients with and without a 
complication and between the patients with a minor complication and a major complication. 
The differences in demographics between groups were assessed using the Mann Whitney 
U test for continuous variables and Chi-square tests, or Fischer’s exact tests as appropriate 
for categorical variables. Multivariable logistic regression analysis was used to assess the 
associations of complications with clinically relevant factors including age at operation, 
BMI, smoking status, hypertension and the weight of the lumpectomy. The variables that 
were included in the multivariable regression analysis were chosen based on literature and 
differences between groups.15,18-20

 A p-value ≤ 0.05 was considered to be statistically significant. Data analysis were 
performed using SPSS software (version 23.0, SPSS INC, Chicago, IL, USA) for Windows.21

Results

In this study 66 patients of the Maastricht University Medical Centre (MUMC) and 84 
patients of the Zuyderland Medical Centre Sittard-Geleen were included. Characteristics of 
all 150 patients are summarized in Table 1. The median age of the patients was 58 years. The 
median BMI was 26.29 kg/m2 (23.18e29.92), including 36 (24%) patients with a BMI above 
30 kg/m2. Only 21 (14.4%) patients were active smokers at the time of the operation. A total 
of 38 (25.3%) patients had received neoadjuvant chemotherapy. The oncological surgeon 
removed a median of 61 (38-90) grams of tissue with a median tumour size of 15 (11-20) 
millimeters. No patient died during the 1 year follow up.
 As shown in Table 2, more than half of the patients (52.3%) underwent oncoplastic 
breast reconstruction by means of a Wise breast reduction pattern, followed by LICAP 
reconstruction (n=53, 35.5%) and AICAP flap (n=15, 10.0%). Reconstruction with a 
Batwing pattern, Grisotti pattern or LD flap was only performed once each. LICAP breast 
reconstruction was mainly done in breasts with cup A to D, whereas a reduction pattern was 
more frequently used for larger breasts.
 A positive tumour margin was found in fourteen (9.3%) patients, whereof three margins 
were found in patients with DCIS without an invasive tumour. Of those fourteen patients, 
six received a mastectomy, two received a re-lumpectomy, four patients received an extra 
radiotherapy boost without further re-excision and in two patients a negative margin 
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was found after reconstruction by the Wise-technique. In six of these fourteen patients a 
complication occurred; a hematoma in three cases, infection in two patients and wound 
problems in one case. The patients with a positive tumour margin were excluded for further 
analysis of complications.
 After surgery 141 (94.0%) patients with a negative tumour margin received adjuvant 
radiotherapy and 81 (59.6%) patients received adjuvant chemo, endocrine and/or immune 
therapy.

Table 1. Patient and tumour characteristics. N = 150

Demographics patient N = 150

Patients, n (% of patients) 150

Patient age, median (25-75%), yr 58 (51-64)

BMI, median (25-75%),kg/m2

BMI > 30 kg/m2, n (%)
Smoking, n (%)*4 missing

26,29 (23,18-29,92)
36 (24.0%)
21 (14.4%)

DM, n (%) 8 (5.3%)

Anticoagulant, n (% of patients) 16 (10.7%)

Bra size breast preoperative* 4 missing
A, n (%)
B, n (%)
C, n (%)
D, n (%)
E, n (%)
F, n (%)
G, n (%)
H, n (%)

4 (2.7%)
36 (24.0%)
41 (27.3%)
32 (21.3%)
16 (10.7%)
9 (6.0%)
6 (4.0%)
2 (1.3%)

Preoperative

Neoadjuvant chemotherapy, n (%) 38 (25.3%)

Perioperative

Left side, n (%) 73 (48.7%)

Axillar treatment
Non
SN, n (%)
SN þ OKD, n (%)
OKD n (%)
Selective lymfnode resection, n (%)

16 (10.7%)
115 (76.7%)
2 (1.3%)
16 (10.7%)
1 (0.7%)

Reconstruction technique
Reduction pattern, n (%)
LICAP, n (%)
AICAP, n (%)
Batwing, n (%)
Grisotti,n (%)
Latissimus dorsi, n (%)

79 (52,7%)
53 (35,3%)
15 (10,0%)
1 (0,7%)
1 (0,7%)
1 (0,7%)

Weight lumpectomy, median (25-75%), gr*4 missing 61 (38-90)

Size tumour, median (25-75%), mm*1 missing 15 (11-20)
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Postoperative

Adjuvant chemotherapy 24 (16.0%)

Adjuvant radiotherapy 141 (94.0%)

Adjuvant endocrine therapy 70 (46.7%)

Pathology tumour tissue

No malignancy, n (%)
DCIS, n (%)
Invasive tumour, n (%)
Invasive tumour + DCIS, n (%)
Invasive tumour + LCIS, n%

7 (4.7%)
31 (20.7%)
39 (26.0%)
62 (41.3%)
7 (4.7%)

Other, n (%) 4 (2.3%)

Tumour stadium
No malignancy, n (%)
Tis, n (%)
T1, n (%)
T2, n (%)
T3, n (%)
T4, n (%)

7 (4.7%)
29 (19.3%)
86 (57.3%)
25 (16.7%)
2 (1.3%)
1 (0.7%)

Scarff-Bloom-Richardson grading
1
2
3
Radical excision tumour, n (%)

21 (14.0%)
64 (42.7%)
18 (12.0%)
136 (90.7%)

Complications

As shown in Table 3, a complication occurred in 51 (37.5%) patients within 1 year after the 
oncoplastic BCS. Fourteen (10.3%) patients needed treatment with antibiotics because of 
their complication and in nine patients (6.6%) an operation was indicated. These operations 
included three patients with a postoperative bleeding and three patients with necrosis 
of the skin. Three of these surgeries were due to an abscess after radiotherapy. The other 
complications were controlled by simple wound care or no treatment at all.
 The differences in demographics between groups are shown in Table 4. Multivariable 
logistic regression analysis was used to assess the associations of complications with 
clinically relevant factors including age at operation, BMI, smoking status, hypertension and 
the weight of the lumpectomy.
 As shown in Table 5 the multivariable logistic regression analysis showed that age at 
operation was significantly associated with postoperative breast complications (OR 1.058; 
95%CI 1.008-1.110, p 0.023). The other variables were not significantly associated with 
complications after oncoplastic BCS.
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Complication free survival
A weighted Kaplan-Meier analysis was used to determine complication free survival (CFS) 
and major complication free survival (MCFS). After 365 days, patients had a CFS of 62,6% and 
a MCFS of 81,2% as shown in Figures 1 and 2.

Complications and adjuvant therapy
39 (79.6%) of the 51 complications occurred before the start of adjuvant radiotherapy. Also, 
in the group of patients with a major complication, 78.6% of the complications occurred 
before the start of adjuvant radiotherapy.
 The start of adjuvant radiotherapy was delayed in eleven (8.2%) patients because 
of a postoperative complication. These patients received the adjuvant radiotherapy 
postoperatively after a median of 49 days (35-81days). Of the eleven patients with delayed 
radiotherapy received only five (3.7%) patients the radiotherapy after eight weeks or longer 
postoperatively.
 Nine patients did not receive adjuvant radiotherapy at all. In six of the patients this 
was due to the irradical tumour resection where a mastectomy was needed. In one patient 
postoperatively the BRCA gen was found wherefore the patient received a bilateral 
mastectomy after the lumpectomy. In two patients, who were diagnosed with a malignant 
tumour during the biopsies, no cancer was found in the tissue of the lumpectomy.
 Twenty-four patients received adjuvant chemotherapy. There was no delay of the 
adjuvant chemotherapy in those patients due to complications.

Table 2. Oncoplastic BCS techniques vs tumour size vs weight of the lumpectomy tissue.

Preoperative 
Bra cup size

Tumour size, 
Median, mm

Weight 
lumpectomy 
Median, gr

Wise LICAP Batwing Grisotti AICAP LD Total

Missing
A
B
C
D
E
F
G
H

9,0
16,0
14,0
18,0
15,0
14,0
20,0
24,0

13,0
44,0
56,0
82,0
88,50
66,5
121,0
125,0

3
0
12
13
22
15
7
5
2

0
4
17
20
9
1
1
1
0

0
0
0
1
0
0
0
0
0

0
0
0
1
0
0
0
0
0

0
0
0
6
1
0
1
0
0

1
0
0
0
0
0
0
0
0

4
4
36
41
32
16
9
6
2

Total (%) 79
(53,2%)

53
(35,5%)

1
(0,6%)

1
(0,6%)

15
(10%)

1
(0,6%)

150
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Table 3. Complications after oncoplastic BCS, patients with non radical removal of cancer excluded. N = 136.

Preoperative Bra cup size Tumour size, Median, mm

Complications within 1 year
Fat necrosis, n (% patients)
Seroma, n (% patients)
Infection, n (% patients)
Hematoma, n (% patients)
Wound problems, n (% patients)

51 (37.5%)
5 (3.7%)
4 (2.9%)
16 (11.8%)
13 (9.6%)
31 (9.6%)

Treatment of complication
Antibiotics needed, n (% patients)
Operation needed, n (% patients)
Antibiotics and/or Operation needed, n (% patients)
Complication before adjuvant RT, n (% of complications)
Major complication before adjuvant RT, n (% of major complications)

14 (10.3%)
9 (6.6%)
23 (16.9%)
39 (79.6%)
18 (78.3%)

Table 4. Patient and tumour characteristics for groups.

No complication group 
(n ¼ 85)

Complication group 
(n ¼ 51)

P-value

Demographics patient
Patient age, median (25-75%), yr
BMI, median (25-75%),kg/m2

BMI > 30 kg/m2, n (%)
Smoking, n (%)*3 missing
Hypertension, n (%)
Diabetes, n (%)
Anticoagulant, n (%)

56,00 (49,50-64,00)
25,56 (23,03-28,90)
17 (20,0%)
10 (12,1%)
15 (17,6%)
5 (5,9%)
6 (7,1%)

56,00 (57,00-67,00)
27,30 (24,00-31,50)
16 (31,4%)
10 (20.0%)
17 (33,3%)
2 (3.9%)
8 (15.7%)

0,004
0,037
0,152
0,316
0,059
0,711
0,146

Bra size breast preoperative* 4 missing
A, n (%)
B, n (%)
C, n (%)
D, n (%)
E, n (%)
F, n (%)
G, n (%)
H, n (%)

3 (3,7%)
22 (27,2%)
24 (29,6%)
15 (18,5%)
9 (11,1%)
6 (7,4%)
1 (1,2%)
1 (1,2%)

1 (2,0%)
8 (15,7%)
17 (33,3%)
12 (23,5%)
7 (13,7%)
1 (2,0%)
4 (7,8%)
1 (2,0%)

0,299

Preoperative
Neoadjuvant chemotherapy, n (%) 25 (29,4%) 13 (25,5%) 0,695

Perioperative

Axillar treatment
Non
SN, n (%)
SN + OKD, n (%)
Selective lymph node resection, n (%)

11 (12,9%)
59 (69,4%)
12 (14,1%)
1 (1,2%)

3 (5,9%)
45 (88,2%)
3 (5,9%)
0

0,116

Reconstruction technique
Reduction pattern, n (%)
LICAP, n (%)
AICAP, n (%)
Batwing, n (%)
Grisotti,n (%)
Latissimus dorsi, n (%)

42 (49,4%)
31 (36,5%)
9 (10,6%)
1 (1,2%)
1 (1,2%)
1 (1,2%)

30 (58,8%)
18 (35,5%)
3 (5,9%)
0 (0%)
0 (0%)
0 (0%)

0,846
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Weight lumpectomy, median 
(25-75%), gr*4 missing

51,00 (35,00-76,50) 80,00 (55,00-125,00) <0,001

Size tumour, median 
(25-75%), mm*1 missing

15,00 (9,25-19,00) 15,00 (11,00-24,00) 0,242

Postoperative
Adjuvant chemotherapy
Adjuvant radiotherapy
Adjuvant endocrine therapy

14 (16,5%)
82 (96,5%)
41 (48,2%)

6 (11,8%)
51 (100%)
24 (47,1%)

0,618
0,292
1000

Pathology tumour tissue
No malignancy, n (%)
DCIS, n (%)
Invasive tumour, n (%)
Invasive tumour þ DCIS, n (%)
Invasive tumour þ LCIS, n (%)
Other, n (%)

7 (8,2%)
17 (20,0%)
26 (30,6%)
29 (34,1%)
4 (4,7%)
2 (2,4%)

0
11 (21,6%)
12 (23,5%)
23 (45,1%)
3 (5,9%)
2 (4,0%)

0,427

Tumour stadium
No malignancy, n (%)
Tis, n (%)
T1, n (%)
T2, n (%)
T3, n (%)
T4, n (%)

17 (20,0%)
48 (56,5%)
11 (12,9%)
1 (1,2%)
1 (1,2%)

9 (17,6%)
30 (58,8%)
12 (23,5%)
0 (0%)
0

0,141

Scarff-Bloom-Richardson grading
1
2
3

17 (20.0%)
37 (43.5%)
8 (9.4%)

4 (7.8%)
27 (52.9%)
10 (19.6%)

0,131

Table 5. Multivariable regression analysis

OR 95% CI P-value

Age at operation, yr
BMI, kg/m2

Smoker
Hypertension
Weight of lumpectomy, gr

1.058
1.075
1.753
1.509
1.005

1.008-1.110
0.984-1.174
0.607-5.061
0.595-3.825
0.998-1.011

0.023
01.08
0.229
0.389
0.167

Table 4. Continued.

No complication group 
(n ¼ 85)

Complication group 
(n ¼ 51)

P-value
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Figure 1. Complication free survival in patients with oncoplastic BCS (n=136)

Figure 2. Major complication free survival in patients with oncoplastic BCS (n=136) 
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Discussion

A clear risk assessment of oncoplastic breast reconstruction is crucial to inform patients during 
consultation at the outpatient clinic. This study provides detailed information about both major 
and minor complications following oncoplastic BCS. Our study showed a comparable number 
of overall complications (37.5%) in oncoplastic BCS compared to the study by Wijgman et al. 
(36%) and less complications compared to the study by Di Micco et al. (43.7%).15,22 Although 
our study showed significantly more major complications compared to the study by Wijgman  
et al., this can be explained by their short follow-up of only 30 days and the kind of complications 
that were examined (i.e. hematoma, infection and seroma).15

 The radical tumour excision rate in our study of 90.7% was comparable to the rates that 
were reported in the studies by Ho et al. (90%) and Peled et al. (86.5%).16,23 Interestingly, 
the study by Wijgman et al. reported a significant lower radical excision rate of 77.4%, even 
though the same criteria were used. A possible explanation could be that Wijgman et al. 
used older data when there was less experience with oncoplastic breast reconstruction.15 
This might underline the importance of good collaboration and learning curve for both 
oncological surgeons and plastic surgeons.
 As oncoplastic BCS is widely accepted as a treatment of breast cancer, the number of 
oncoplastic BCS performed increases every year. Of the 150 performed oncoplastic BCS 
between 2013 and 2015, 20% was performed in 2013, while 46% in 2015. In the medical 
centre where this study took place, the increasing percentage of BCS versus mastectomy 
continues up till today. Therefore, it is of crucial importance to deliver high quality evidence 
on the safety of these techniques of oncoplastic BCS. With a learning curve even in 
experienced surgeons, a decrease in postoperative complications is still expected over time. 
Registration in a (inter)national independent oncoplastic breast reconstruction database 
could be of indispensable help in the prospective data sampling of all breast reconstructions 
for patient safety. Oncological surgeons in The Netherlands are already using a nationwide 
database for oncological breast surgery.24 However, in this registry there are no details 
about the intervention performed by the plastic surgeon in case of BCS. Plastic surgeons 
only know a prospective national database like this for the registry of breast reconstructions 
with implants.25

 By including BMI, age, active smoking, hypertension and the weight of the lumpectomy 
in the multivariable regression analysis, only age of the patient showed statistical significance 
(p= 0.023) as a risk factor for developing a postoperative complication after oncoplastic 
BCS. This corresponds with the findings of age as a risk factor by Xue et al.20 In contrast 
to the results of other studies, BMI and hypertension did not appear as risk factors.15,18,19 
For the major complications, it was not possible to analyse potential predictors due to the 
low number of events. Table 2 shows that generally in larger breasts more breast tissue is 
removed with the lumpectomy compared to lumpectomies of smaller breasts. However, a 
larger cup size does not necessarily equal more breast tissue as the cup size also depends 
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on the circumference and brand and design of the bra. In addition, it is known that women 
often report a wrong bra size.26,27 For a prospective study it is of great interest to determine 
a standardized way to define the volume of the breast. The Vectra XT is a possible device to 
determine the volume of the breast in a precise manner, but since it is very expensive the 
Vectra XT is not available in every hospital.28

 A limitation of this retrospective study is the fact that defining a complication depended 
on the interpretation of the different doctors. For the major complications the data is 
definitely reliable, since the administration of antibiotics and/or a surgical intervention 
are registered separately via the pharmacy and OR-databases. However, for the minor 
complications there was no standardized registration method in the electronic patient 
files. Thereby it could be possible that the amount of overall complications varies from the 
amount found with prospective data collection.
 Besides the number of complications and radical excisions, the aesthetic result is of 
great importance for a patient receiving oncoplastic BCS. In particular, patient reported 
outcomes, such as satisfaction with the appearance of the reconstructed breast and quality 
of life, are important aspects for the decision-making process whether or not to undergo 
an oncoplastic BCS. We expect adjuvant radiotherapy to play a major role in the patient 
satisfaction with the appearance of the reconstructed breast. Even though the latter 
outcomes are rather important aspects of patient care, we are convinced that the first and 
foremost is the patient safety.
 Contrary to our expectations, 39 (79.6%) of the 51 complications occurred before the 
start of adjuvant radiotherapy. Also in the group of patients with a major complication, 
78.6% of the complications occurred before the start of adjuvant radiotherapy. Eleven 
complications resulted in a delay of the adjuvant radiotherapy. In only 5 patients (3.6%), 
the adjuvant therapy was delayed beyond 8 weeks postoperatively. According to a study 
presented at the American Association for Cancer Research2016 Annual Meeting, delay 
in radiation beyond 8 weeks increases the risk of malignant breast cancer recurrence in 
women who undergo surgery for ductal carcinoma in situ.29 Although radiotherapy plays an 
important role in the choice of oncoplastic BCS, there are only a few studies that describe 
the complications in relation to adjuvant radiotherapy.17,23,30

 Nowadays neoadjuvant chemotherapy makes down staging of the tumour possible, 
so that lumpectomy is also an option for these patients with larger tumours.12,31,32 This 
makes oncoplastisc BCS also available for patients who previously were only eligible for 
a mastectomy. In this group of patients, independent from choosing mastectomy or 
lumpectomy, adjuvant radiotherapy is often still indicated. In contrast to immediate breast 
reconstruction with oncoplastic BCS, adjuvant radiotherapy in immediate reconstructed 
breasts after mastectomy increases the risk of complications significantly.23 This makes 
immediate oncoplastic BCS also a preferable operation in this group of patients.
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Conclusions

The complication and radical excision rates in our series of oncoplastic BCS are comparable 
to the rates reported throughout the literature. Most complications occurred before the 
start of adjuvant radiotherapy, only causing a delay of adjuvant radiotherapy in the minority 
of cases. There are numerous techniques of oncoplastic BCS, of which the reduction pattern 
and LICAP are the most commonly used. The number of oncoplastic BCS performed is 
increasing each year and therefore more high-quality studies that focus on the oncological 
safety, complications and aesthetic results before and after radiotherapy are of great 
importance.
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Abstract

Introduction: 
In the past, a mastectomy was the first approach to the treatment of breast cancer. Today, 
breast conserving surgery combined with adjuvant radiotherapy has become the standard 
treatment for a large number of women with breast cancer. Even for resection of larger 
tumours, which previously could only be treated with a mastectomy, breast conserving 
surgery in combination with oncoplastic reconstruction is possible with a good cosmetic 
result. The aim of this study is to evaluate the patient satisfaction with the cosmetic 
outcome after breast conserving therapy in patients treated with and without oncoplastic 
reconstruction.

Methods and analysis: 
In this prospective cohort study female breast cancer patients who are receiving breast 
conserving surgery (with or without oncoplastic reconstruction) for breast cancer are being 
asked to participate in this study. Both preoperatively and postoperatively, prospective data 
is collected concerning patient characteristics, tumour characteristics, treatment type and 
the occurrence of postoperative complications. Standardised photos of the breast are being 
made preoperatively, 2 weeks postoperatively, 3 months and one year postoperatively. At 
those same time points the quality of life and patient satisfaction are being measured using 
the BREAST-Q.

Ethics and dissemination: 
Approval for this study was obtained from the Medical Ethics Committee; the study has 
been registered at trialregister.nl. The results of this prospective study will be submitted to 
international science journals. 
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Introduction 

Breast cancer represents 25% of all cancers in women, making it the most common 
cancer in women worldwide.1,2 In the past, a mastectomy was the first approach to the 
treatment of breast cancer Today, many patients are being treated with breast conserving 
surgery combined with adjuvant radiotherapy.3 A combination of breast conserving surgery 
with oncoplastic reconstruction makes resection of larger tumours possible with a good 
cosmetic result, without the need of a mastectomy. 4,5 Several studies have shown that 
breast conserving surgery including oncoplastic reconstruction is a safe treatment regarding 
oncological aspects.6-12

 Combining breast conserving treatment with oncoplastic reconstruction was first 
described by Audretsch in 1993.6,13 Over time, several techniques have been developed 
to reconstruct a breast after breast conserving surgery. Which technique is performed 
depends on various factors, such as the location and size of the tumour, but also the 
surgeon’s and patient’s preference. In addition to the characteristics of the patient and 
the tumour, postoperative complications and adjuvant radiotherapy can also influence the 
final cosmetic result. Since adjuvant radiotherapy is almost always indicated after breast 
conserving surgery, it is very important to know what the effect of radiotherapy is on the 
appearance of the operated breast, especially in combination with oncoplastic surgery. A 
study of Lansu et al. suggested a poorer cosmetic result of oncoplastic breast reconstruction 
with breast conserving therapy compared to breast conserving therapy without oncoplastic 
reconstruction.14 The hypothesis is that this could be caused by the fact that oncoplastic 
surgery may lead to both a larger wound area and a larger boost volume. However, this 
concerned a small study requiring further research. Therefore, the aim of the current study 
is to investigate whether there is a difference in the cosmetic outcome and quality of life 
as perceived by the patient, between patients treated with and without an oncoplastic 
reconstruction, as a part of breast conserving therapy for breast cancer.

Methods and analysis

Study design
TOBO stands for patient saTisfaction after Oncoplastic Breast cOnserving therapy. 
 This is a prospective cohort study, in breast cancer patients undergoing breast 
conserving therapy (with or without oncoplastic reconstruction) in the Zuyderland Medical 
Center. After giving informed consent to participate in the study, both preoperative and 
postoperative data are being collected prospectively, concerning patient characteristics, 
tumour characteristics, treatment types and the occurrence of postoperative complications. 
In addition, standardized photos of the breasts are taken at the various moments in time. At 
those time points, patients are also asked to complete the BREAST-Q questionnaire.15 
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Patient and Public Involvement 
Patients or the public were not involved in the design, or conduct, or reporting, or 
dissemination of our research.

Study population and treatment details
From August 2018 onwards, all consecutive breast cancer patients undergoing breast 
conserving therapy (BCT) with curative intent at the Zuyderland Medical Center (Sittard, the 
Netherlands) are screened for eligibility (see Table 1. for in and exclusion criteria). In short, 
all female patients > 18 years of age can be included as long as they are fluent in Dutch, did 
not receive previous radiotherapy to the affected breast, and have given informed consent 
to participate. 
 Both patients undergoing oncoplastic surgery as a part of their breast conserving 
therapy and patients without oncoplastic surgery are eligible. In this study, oncoplastic 
surgery is defined as every reconstruction of the breast performed by a plastic surgeon after 
breast conserving therapy. 

Surgical treatment
Patients participating in the study receive the same standard breast cancer care that they 
would also receive without participation in the TOBO-study. Whether or not patients are 
eligible for reconstruction after breast conserving surgery is first discussed during the 
multidisciplinary consultation on breast cancer patients. In this meeting, among others, the 
oncological surgeon is present as the plastic surgeon and imaging of the tumour and breasts 
are displayed. The final indication for an oncoplastic breast conserving surgery will be made 
during the consultation at the oncological surgeon preoperatively. If the surgeon expects 
that the shape of the breast will change too much after the lumpectomy, patients receive 
consultation at the plastic surgeon. Size of the breast, as well as size and location of the 
tumour play a pivotal role in this decision. Shared decision making is applied to choose the 
treatment for the individual patient. 
 All patients receive preoperative cefazoline intravenously; postoperatively no antibiotics 
are given.

Breast conserving surgery (without oncoplastic reconstruction)
In case of breast conserving therapy without oncoplastic reconstruction, the oncological 
surgeon removes the tumour from the breast with adequate margins. The resulting 
lumpectomy space is closed by undermining skin and mobilising glandular tissue, thereby 
approximating the breast tissue. This operation is done entirely by the oncological surgeon, 
without the interfering of a plastic surgeon. 
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Breast conserving surgery with oncoplastic reconstruction
In case of breast conserving therapy with oncoplastic reconstruction, the plastic surgeon 
takes over the operation after the tumour has been removed with adequate margins by 
the oncological surgeon. The breast is reconstructed using one of the following techniques: 
wise-pattern, lateral intercostal artery perforator flap (licap), intercostal artery perforator 
flap (icap), latissimus dorsi flap, or Grisotti flap in case of a retro areolar tumour. With these 
operation techniques, well vascularised tissue is placed in the lumpectomy space. 

Postoperative care
A drain is placed according to surgeon’s preference. When placed, the drain is removed 
after a production of less than 30cc/24 hours. All patients wear a postoperative bra from 
Emdaplast® day and night for 6 weeks. Postoperative pain is treated with oral analgesics, 
according to hospital protocol.  

Adjuvant therapy
The indication for adjuvant systemic and radiation treatment is set according to national 
guidelines16. If chemotherapy is indicated, radiation therapy is given after chemotherapy if 
the patient is younger than 60, and if she will not be treated with trastuzumab, according to 
local protocols. In all other cases, adjuvant radiotherapy is planned to start within 3-5 weeks 
after surgery. The radiotherapy is being given in Maastro (Maastricht, the Netherlands) and 
consists generally of 15x2.67 Gy to the whole breast with or without regional radiotherapy, 
dependent on nodal involvement. In addition, a simultaneous integrated boost may be 
given consisting of 20 - 22 x 2. 67 Gy to the tumour bed, with an elective dose to the whole 
breast of 20 x 2.18 to 22x 2.03 Gy. 
 In case of a low risk of a local recurrence based on the definitive pathology, partial 
breast irradiation may also be considered, either in the context of the IRMA-Trial17,18(10 x 
3.8 Gy, Bid) or as a regular scheme (15 x 2. 67 Gy, according to the IMPORT LOW trial19). 
However, partial breast irradiation is only applied after breast conserving surgery without 
oncoplastic reconstruction. 

Table 1. Inclusion and exclusion criteria 

Inclusion criteria Exclusion criteria

•	 Female
•	 Age of at least 18 years
•	 Planned to undergo breast conserving therapy with 

curative intent, because of breast cancer
•	 Understanding of the Dutch language spoken and 

written 
•	 Signed informed consent to participate in the study

•	 Intellectual disability to such an extent that it 
can be expected that the interpretation and/or 
answering of the questionnaires will be a problem

•	 Previous radiotherapy on the affected breast

Sample size
Our hypothesis is that patients with an oncoplastic reconstruction are more satisfied with 
the cosmetic results of their breast than patients who underwent breast conserving therapy 
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without oncoplastic reconstruction. The primary endpoint is the score on the Breast-Q 
questionnaire. To our knowledge there is no literature on this subject for oncoplastic 
reconstruction as a part of breast conserving therapy that can be used to calculate sample 
sizes. However, there is a study that found a score of 60.33 (SD 19.18) on the Breast-Q 
questionnaire after mastectomy, and a score of 70.46 (SD 17.90) after mastectomy in 
combination with reconstruction.20 In the absence of better data, we have used these figures 
to calculate our sample size. Assuming that patients without reconstruction have a score of 
60.33 (SD 19.18) on the BREAST-Q, and those with a reconstruction of 70.46 (SD 17.90), we 
calculated to include 55 patients per group with a power of 80 % and α = 0.05.

Outcome measures 
Primary endpoint
Patient satisfaction on the cosmetic result of the breast, measured at one year postoperatively, 
using the BREAST-Q questionnaire.

Secondary endpoints
• Patient satisfaction on the cosmetic result of the breast, measured at three months 

postoperatively, using the BREAST-Q questionnaire.
• Patient quality of life on the BREAST-Q immediately postoperatively compared to the 

quality of life on the BREAST-Q one year postoperatively. 
• The frequency and type of postoperative complications that occur within 3 months. 
• The effect of postoperative complications on the delay of adjuvant radiotherapy or 

chemotherapy.

Data collection

As shown in table 2, for all patients in the study various data will be collected prior to 
surgery (T0), 2 weeks after surgery, prior to radiotherapy (T1), 3 months after surgery 
(T2), 1 year after surgery (T3). These data include patient characteristics, diagnostics and 
treatment characteristics, patient questionnaires, photographs complications, according to 
the scheme in table 2. All data will be collected in an anonymous online database provided 
by the hospital (data management Zuyderland). 
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Table 2. Data collection 

T0
(pre operative)

T1 
(2 weeks after 
surgery)

T2
(3 months after 
surgery)

T3
(1 year after 
surgery)

Patient characteristics
Tumour details
Surgical details
Radiation treatment details
Breast-Q
Photographs
Complications

x
x
 
 
x
x
 

 
X
X
 
X
X
X

 
 
 
x
x
x
x

 
 
 
 
x
x
x

Patient characteristics

The following patient characteristics will be collected: age, BMI, breast size, breast 
ptosis, asymmetry of the breast, diabetes mellitus, hypertension, active smoker, use of 
anticoagulation’s or immunosuppressants, prior chemo- / immuno- / endocrine therapy for 
diseases other than the current breast cancer.

Diagnostics and treatment characteristics

Details of the operation
The following surgical details will be collected: duration of surgery, operated side, unilateral 
/ bilateral operation, weight of the lumpectomy, technique of reconstruction (wise-pattern, 
lateral intercostal artery perforator flap (licap), intercostal artery perforator flap (icap), 
latissimus dorsi flap, Grisotti flap, other), the number of placed drains, name of the surgeon, 
axillary surgery (sentinel node procedure, axillary lymph node dissection). 

Tumour details
The following tumour characteristics will be collected: Tumour size measured on ultrasound 
preoperatively, localization of the tumour (quadrant of the breast), cTNM and pTNM 
classification, radicality of the breast conserving surgery.

Postoperative details 
We will record the number of days of admission, number of days after which the drain 
was removed, postoperative complications (see further), treatment of postoperative 
complications, number of days between surgery and postoperative complication, number 
of days between surgery and the start of the first adjuvant radiotherapy or the first 
adjuvant chemotherapy, occurrence of complications after or before adjuvant radiotherapy, 
performed secondary surgical adjustments to the breast for a better cosmetic result.
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Details of (neo)adjuvant therapy
(Neo)adjuvant chemotherapy or radiotherapy, total dose of radiotherapy, number of 
fractions of radiotherapy, date of last radiotherapy, volume of the delineated mammary 
gland tissue (CTVbreast 21) in cc, volume of the irradiated boost volume (in case of boost) in 
cc, type and timing of adjuvant chemotherapy and /or hormone therapy, maximum acute 
skin toxicity during or in the first four weeks after radiotherapy scored according to the 
CTCAE 4.0 criteria.

Patient questionnaires
The validated BREAST-Q questionnaires will be completed by the participating patients for 2 
modules: the general domain (quality of life) and the breast conserving surgery module. 15

Photographs of the breast 
Photos of the breasts (in front and side view) will be taken in a standardized way, on all four 
time points, with a digital camera. At the end of the study the photos will be assessed by an 
independent panel. Cosmetic result of each breast at the different time points is assessed 
by the Harris-scale.22 

Complications 
The following complications will be noted if they occur: fat necrosis, seroma, postoperative 
bleeding, infection, skin necrosis, wound problems. These complications will be subdivided 
by the Clavien-Dindo classification as shown in table 323. 

Table 3. Clavien-Dindo Classification of surgical complications

Grades Definition 

Grade I Any deviation from the normal postoperative course without the need for pharmacological 
treatment or surgical, endoscopic and radiological interventions. 
Allowed therapeutic regimens are: drugs as antiemetics, antipyretics, analgesics, diuretics 
and electrolytes and physiotherapy. This grade also includes wound infections opened at the 
bedside.

Grade II Requiring pharmacological treatment with drugs other than such allowed for grade I complications. 
Blood transfusions and total parenteral nutrition are also included.

Grade III
 - IIIa
 - IIIb

Requiring surgical, endoscopic or radiological intervention
Intervention not under general anaesthesia
Intervention under general anaesthesia

Grade IV
 - IVa
 - IVb

Life-threatening complication (including CNS complications)* requiring IC/ICU-management
Single organ dysfunction (including dialysis)
Multi organ dysfunction

Grade V Death of a patient
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Data analyses 

Descriptive statistics will be performed for patient and treatment characteristics. Differences 
in complications, time between surgery and start of radiotherapy will be analysed using 
T-tests or the Mann-Whitney U-test. Using linear mixed models test, differences between 
the groups regarding the BREAST-Q score at the different time points will be examined. The 
differences between T0 and T1, T1 and T2, T1 and T3, T2 and T3 will be analysed. With the 
chi-squared test the difference in cosmetic outcome measurement scored by the panel as 
well as by the patient herself will be analysed.
 Finally, the influence of certain variables on the four different endpoints will first be 
tested using univariate analysis. Subsequently, a multivariable logistic regression analysis 
will be performed. All statistical analysis will be performed with SPSS from IBM Software.

Adverse events 
There are no adverse events expected as a result of this study, because patients do not 
undergo any additional interventions. If any adverse events occur, it will be reported to the 
medical ethical commission and hospital board. 

Ethics and dissemination 
This study is being conducted according to the principles of the Declaration of Helsinki (64th 
WMA General Assembly, Fortaleza, Brazil, October 2013).

The described study was approved by the Medical Ethics Committee of Maastricht University 
Medical Centre/Maastricht University. All amendments made to the protocol will be first 
proposed to the Medical Ethics Committee. After approval they will be communicated to all 
involved parties. 

Funding  
This work was funded by the Zuyderland-Maastro-Grant 2017 and Emdaplast® B.V. Emdaplast 
sponsored 100 postoperative bras for the patients after surgery. 

Disclaimer
The funder will not have any authority over any of the study-related activities, consisting 
of data collection, data management, data analysis, interpretation of results, writing the 
report, nor submission for publication. 
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Abstract

Background: 
Acellular matrices (AM) might enable a direct single-stage breast reconstruction (SSBR) 
procedure resulting in an improved efficacy of the reconstruction phase for patients besides 
a reduction in health expenses. Safety is an issue as a recent RCT has shown a higher 
complication rate for Strattice compared to a two-stage breast reconstruction (TSBR). This 
study aimed to compare the short and long-term complications of a SSBR with the use of 
two types of AM to a TSBR without the use of an AM.

Methods: 
Cohort study with a SSBR with Strattice™ (n=28) or Meso BioMatrix® (n=20) or a TSBR without 
an AM (n=36) at the Maastricht Academic Hospital, the Netherlands. All complications, in 
particular major complications with the need for re-admission to the hospital, re-exploration 
and implant explantation were the primary outcome measures. A one-year follow-up was 
achieved for all patients.

Results: 
Baseline characteristics of all 52 patients were similar between groups. There was a 
significantly higher complication rate in the single-stage AM groups with loss of the implant 
in 40.0% of the breasts from the Meso BioMatrix®-group and in 10.7% of the Strattice™-
group compared to no implant loss in the control-group. These higher complication rates 
could not be attributed to basic patient demographics.

Conclusion: 
This cohort study clearly suggests that the use of a SSBR is not safe with the use of an AM. 
Well-designed prospective studies that guarantee the safety of those matrices need to be 
published before these AMs are used in implant-based surgery. 
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Introduction

Women increasingly develop breast cancer and desire immediate breast reconstruction 
following mastectomy.1 Implants are the most frequently performed breast reconstruction 
technique after skin sparing mastectomy.2,3 Due to insufficient muscular coverage for 
subpectoral placement of a breast implant after mastectomy, a tissue expander (TE) is 
inserted in the majority of patients. During outpatient consultations, the TE is expanded 
repeatedly to create sufficient room for the definitive breast implant.
 For patient and costs-efficiency reasons a single-stage implant-based breast 
reconstruction would be more desirable than a two-stage procedure. However, single-stage 
surgery increases the risk of complications.1 Since the introduction of acellular matrix (AM) 
meshes in 2005, a safe single-stage implant-based breast reconstruction technique using 
AM might be possible.4 In single-stage breast reconstruction, these meshes might provide 
sufficient coverage for a breast implant where the pectoralis and serratus muscle do not 
cover the implant if inserted directly after a skin-sparing mastectomy. Thus these meshes 
might be the missing link to facilitate a single-stage implant-based breast reconstruction. 
 Some studies report the use of an AM in the USA in more than 60% of all alloplastic 
reconstructions.5,6 Currently several meshes are used including Strattice™, Alloderm and 
more recent the Meso BioMatrix®.7-9 Up to now, studies have shown inconsistent results 
on the risks associated with the additional use of AM’s in both single-stage and two-
stage implant-based breast reconstruction.10-21 Most studies summarise short term safety 
using only one type of AM without a control group. Current evidence which AM is best 
is therefore not available. In 2013 a multicentre randomised clinical trial was started to 
compare the clinical outcomes and cost-effectiveness of a single-stage immediate breast 
reconstruction with Strattice™ with a two-stage breast reconstruction without the use of 
AM’s.22 Our hospital included 40 patients for this study. After finishing the inclusion period 
for this study Meso BioMatrix® entered the market and provided better matrix handling 
(Figures 1&2), being more flexible and thin while maintaining strength. Therefore, patients 
who explicitly requested a single-stage procedure received a single-stage procedure using 
Meso BioMatrix®. 
 The aim of this study was to assess the postoperative complications within one year 
associated with the use of Strattice™ and Meso BioMatrix® in implant-based breast 
reconstruction compared to a control group consisting of a two-stage procedure without an 
AM. 



Ch
ap

te
r 5

78

Patients and methods

Study Design
For this cohort study patients who participated in the BRIOS-study at the Maastricht University 
Medical Centre were included.21 These patients were randomly assigned into one of two groups. 
One group received immediate Strattice™ (LifeCell Corp., Branchburg, NJ, USA) assisted single-
stage implant-based breast reconstruction after mastectomy. The other group received an 
immediate, two-stage implant-based breast reconstruction after mastectomy. Furthermore, a 
group of patients with immediate Meso BioMatrix® (DSM, Heerlen, The Netherlands) assisted 
implant-based breast reconstruction post-mastectomy was included. The latter group of 
patients did not take part in the BRIOS-study and was not randomised.
 The inclusion criteria for the BRIOS-study met the inclusion criteria for the patients 
who received a breast reconstruction with the Meso BioMatrix®: women with BRCA gene 
mutation who underwent prophylactic treatment; women with a unifocal tumour smaller 
than 3-4cm, intended to undergo a skin sparing mastectomy; willing and able to participate; 
aged 18 and over; able to provide informed consent and able to complete questionnaires.21 
All patients where operated in the Academic Hospital in Maastricht by one of twelve plastic 
surgeons between May 2013 and March 2015.
 Women with the following criteria were excluded in the BRIOS-study as well in the 
Meso Biomatrix®-group: a body mass index >30kg/m2; preferring a breast size larger than 
cup C; receiving a polyurethane implant; pregnant women; on-going severe psychiatric 
illness or mental retardation; evidence of alcohol and/or drug abuse; inability to complete 
questionnaires; a local or general infection which could jeopardize the surgical objective; an 
extensive local inflammatory reaction; proven or suspected hypersensitivity to materials; 
immunosuppressive pathologies; smokers; patients that would undergo postoperative 
radiotherapy. 

Figure 1. A photo illustrating placement of Strattice™  
at the lower pole of a breast implant.

Figure 2. A photo illustrating placement of Meso 
BioMatrix® at the lower pole of a breast implant.
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Outcome measures
Demographic information, co-morbid conditions, surgery details and additional details, 
regarding breast cancer treatment, were obtained. The postoperative follow-up period for 
all patients was one year. A major complication was defined as any complication requiring 
hospitalization or surgical intervention with or without implant loss.  Major complications 
requiring surgery with loss of the implant were defined as ‘explantation’. Complications that 
did not require hospitalisation or surgery were defined as minor complications. 

Operative technique and postoperative management
The Strattice™- and control-group received a single preoperative dose of cefazoline. The 
oncologic surgeon first performed a skin-sparing mastectomy before the plastic surgeon 
performed the single- or two-stage breast reconstruction. A pocket was created under the 
major pectoral muscle to place the TE or implant. The cavity was cleaned with an antibiotic 
solution (cefaroxin 1000mg/gentamicin 40mg/betadine). During surgery a ‘one touch’ 
technique of the implant was used and a ‘closed door’ policy was implemented to decrease 
the risk of infection. This means that the prosthesis or TE is touched once and only by the 
plastic surgeon and that the doors of the operating room remained closed during placement. 
 In the Strattice™-group a sheet of Strattice™ was placed at the caudal side of the 
implant, sutured to the inferior margin of the musculus pectoralis major above and the 
inframammary crease below to complete the total pocket. Before use, the Strattice™ was 
washed in a saline solution as instructed by the manufacturer. In the Strattice™-group 
two drains were placed; one anterior and one posterior to the matrix for at least 7 days. 
Postoperatively the patients of the BRIOS-study completed a 24hour regimen of cefazoline 
intravenously.22 
 Because the Meso BioMatrix®-group was not part of the BRIOS-study, the operative 
technique was less standardized compared to the BRIOS-study cases.22 The Meso BioMatrix®-
group received, just as the BRIOS-study, a single preoperative dose of cefazoline.22 The ‘no 
touch’ and ‘closed door’ policy were similar as was the operating technique to prepare a 
pocket and placing the Meso Biomatrix®. Before placement of the implant the cavity and 
the wound-edges were cleaned with a betadine solution. The use of one or two drains 
differed between surgeons. The drains were removed with a production of less than 30 
cc/24 hours per drain. Post-operative antibiotic prophylaxis consisted of another five days 
oral amoxicillin/clavulanic acid following a 24hour regimen of cefazoline intravenously.  
 All patients needed to wear a good fitting sports bra for at least two weeks post-
operatively. The majority of patients were discharged from hospital with the drains in 
place. The drains were removed during a visit in the outpatient clinic or at home by nurses 
specialized in breast cancer care. 
 The patients included from the BRIOS-study were randomized and treated following 
treatment protocol approved by the medical ethical committee.22 The Meso Biomatrix®-
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group consisted of a chart study. Therefore, this study was done in accordance with the 
Declaration of Helsinki and good clinical practice regulations.  

Statistical analysis
Statistical analyses were performed using IBM SPSS Statistics.23 The differences in 
demographics between groups were assessed using a one-way ANOVA for continuous 
variables and Chi-square tests, or Fischer’s exact tests where appropriate for categorical 
variables. The proportion of complications within one year was compared between groups 
using logistic regression analysis. As a sensitivity analysis, the results were checked with 
generalized estimating equations (GEE) which accounts for a possible correlation between 
outcomes of breasts belonging to the same patient. 
 Since the expected number of patients with major complications was limited, the group 
effect was separately corrected for one of the potential confounders. As BMI, age, active 
smoking, radiotherapy and adjuvant therapy influence the chance for complications of 
breast implant reconstructions, these were considered as potential confounders.1,10,16,17,24-27 

Major complications and explantations were combined, considering the expected low 
number of events. A p-value ≤0.05 was considered to be statistically significant. 

Results

Patient characteristics
In this study 52 patients with 84 breasts were included. A one-year follow-up was achieved 
for all patients. Twenty patients (38.5%) received a unilateral treatment and 32 patients 
(61.5%) received bilateral treatment. The reason for mastectomy was either prophylactic 
therapy in case of high hereditary risk for breast cancer (56%) or the presence of breast 
carcinoma (44%). Of all included patients 21.4% of the breasts received a nipple-sparing 
mastectomy. 
 The two-stage procedure was performed in 36 breasts (43%), the single-stage procedure 
using Strattice™ in 28 breasts (33%) and the single-stage procedure with Meso BioMatrix® 
in 20 breasts (24%). Despite exclusion criteria for smoking and adjunctive breast radiation, 
13.5% of the patients were active smokers during the perioperative period and 19.2% of 
the patients (10 breasts) received adjuvant radiotherapy, this was not significantly different 
between groups (Table 1). 
 The patients' age showed a statistically significant difference between the groups. The 
patients in the control-group were older than in the Strattice™- or Meso BioMatrix®-group. 
The patients in the Meso BioMatrix®-group were on average younger, had a lower BMI 
and fewer patients in this group received adjuvant chemotherapy and radiation therapy 
compared to the Strattice™- and control-group. Thus on paper, the Meso BioMatrix®-group 
was overall a more ideal patient-group. 
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Complications and re-interventions
During the one-year postoperative follow-up time, complications were encountered in 
16.7% of the breasts of the control-group, 32.1% of the Strattice™-group and 55.0% of 
the Meso BioMatrix®-group (Table 2, figure 3). Complications included wound infection, 
skin dehiscence, diathermal burn wound, hematoma, seroma and skin ischemia. Major 
complications occurred in 55.0% of the breasts in the Meso BioMatrix®-group, 21.4% of the 
breasts of the Strattice™-group and 5.6% of the breasts of the control-group. Explantation 
occurred in 40.0% of the breasts from the Meso BioMatrix®-group and in 10.7% of the 
Strattice™-group compared to none in the control group. Patient demographics and reason 
of explantation is shown in Table 3. 

Table 1. Patient demographics of the different groups

Control 
group 

Single-stage 
procedure with 
Strattice™

Single-stage 
procedure with  
Meso BioMatrix®

P-value *

Patients, n
Age at operation, mean (SD), yr
Smoking, n (% of patients)
BMI, mean (SD), kg/m2

DM, n (% of patients)
ASA 2, n (% of patients)
Neo adjuvant therapy,n (% of patients)
Bilateral mastectomy, n (% of patients)

21
49.5 (10.9)
3 (14.3%)
21.8 (2.5)
0
11 (50.0%)
2 (9.5%)
10 (47.6%)

19
41.36 (11.7)
3 (15.8%)
22.7 (2.7)
1 (5.3%)
7 (36.8%)
5 (26.3%)
11 (57.9%)

12 
39.8 (13.9)
1 (8.3%)
21.1 (1.2)
0
6 (50%)
2 (16.7%)
2 (16.7%)

 
0.040
1.000F

0.199
0.596 F

0.641
0.364 F

0.073 F

Breasts, n 
Adjuvant therapy, n (% of patients)
Radiation, n (% of breasts)
Prophylactic mastectomy, n (% of breasts)
Oncologic mastectomy, n (% of breasts)
Eurosilicone implant placed, n (% breasts)
Definitive implant volume cc, mean (SD)

36 
10 (47.6%)
4 (11.1%)
20 (55.6%)
16 (44.4%)
29 (80.6%)
379.7 (85.8)

28 
11 (57.9%)
5 (17.9%)
14 (50.0%)
14 (50.0%)
27 (96.4%)
370.0 (93.4)

20
2 (16.7%)
1 (5.0%)
13 (65.0%)
7 (35.0%)
19 (95.0%)
337.5 (86.0)

 
0.073 F

0.432 F

0.586
0.586
0.115 F

0.229

* p-value between groups were assessed by One-way ANOVA for numeric variables and Chi-square test or 
Fischer’s exact test for categorical variables.  F = assessed by Fischer’s exact test
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Table 2. Complication rates between the groups

Control (n=36) Strattice™ (n=28) Meso BioMatrix® (n=20)

Total breasts with complications, n (%)
Infection
Hematoma
Necrosis of woundedge
Ischemic skin
Edema
Seroma
Postoperative bleeding
Burnwound from ablation
Dehiscence
Minor  n (%)
Major  n (%)

Explantation  n(%)

6 (16.7%)
0
3 (8.3%)
1(2.8%)
0
0
1 (2.8%)
0
1 (2.8%)
1 (2.8%)
4 (11.1%)
2 (5.6%)

0(0.0%)

9 (32.1%)
1 (1.3%)
0
5 (17.9%)
0
1 (3.5%)
2 (7.0%)
1 (3.5%)
0
4 (14.3%)
3 (10.7%)
6 (21.4%)

3(10.7%)**

11 (55.0%)*

5 (25%)
1 (5%)
3 (15%)
2 (10%)
0
0
0
0
1 (5%)
0
11 (55.0%)*

8(40.0%)**

*Statistically significant (p<0.05) compared to the control-group
** Percentages of the groups Strattic™ or Meso Biomatrix® respectively  

Figure 3. Illustrates complication rates among the three groups of patients included in this study. 
*Statistically significant compared to the control-group

Meso BioMatrix®-group versus control-group
The Meso BioMatrix®-group had a significantly higher complication rate than the control 
group (p=0.004) (Table 3). After correcting for potential confounders, the results were 
similar and remained significant, irrespective of which potential confounder was corrected 
for. As for major complications, the same conclusion could be drawn with the effect being 
even larger (OR=20.8; p<0.001).
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Table 3. Per patient descriptive statistics if explantation occurred (n=11)

Mesh* S S S MB MB MB MB MB MB MB MB

Age at operation, yr 30 38 42 74 43 30 30 56 43 43 30
Smoking No No Yes No No No No Yes ?** No ?**
BMI,kg/m2 22 23 22 23 20 21 21 22 23 23 19
DM No No No No No No No No No No No
Neoadjuvant therapy No Yes No No No No No No Yes Yes No
Bilateral mastectomy Yes No Yes No No Yes Yes Yes Yes Yes Yes
Adjuvant therapy Yes Yes No No No No No No No No No
Radiation No No No No No No No No No No Yes
Prophylactic mastectomy No No Yes No No Yes  Yes Yes No No No
Oncologic mastectomy Yes Yes No Yes Yes No No No Yes Yes Yes
Definitive implant volume, cc 370 410 410 290 435 320 320 515 410 410 320
Reason of explantation*** EP EP EP IN EP IE IN IN EP EP EP
Time between operation and 
explantation, days

353 71 38 189 10 56 52 27 56 56 122

*S = Strattice™, MB = Meso BioMatrix® 
** Missing
*** EP = Exposed prosthesis or mesh, IS = Ischemic skin, IN = Infection

Strattice™-group versus control-group
For total complications, major complications and explantation there were no significant 
differences in the Strattice™-group versus the control group (total complications: p=0.153, 
major complications p=0.075, explantation p=0.079), irrespective of correcting for the 
potential confounders.

Meso BioMatrix®-group versus Strattice™-group
The Meso BioMatrix®-group showed significantly more major complications within one year 
compared to the Strattice™-group (p=0.020). After correcting for the potential confounders 
the results were similar and remained significant, irrespective of which potential confounder 
was corrected for (Table 4).
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As for GEE analyses that accounts for the form of within-subject correlation if a patient had 
the breast reconstruction of both breasts, the results remained similar in all analyses and 
therefore yield the same conclusions.  

Discussion

Innovation is crucial in the field of plastic and reconstructive surgery. In this study the use 
of acellular matrices (AM’s) in implant-based breast reconstruction is reported using a 
single-stage breast reconstruction technique. Postoperative complications between the two 
groups of patients with a single-stage breast reconstruction with an AM, either Strattice™ 
made of porcine skin or Meso Biomatrix® made of porcine peritoneum, were compared to 
the two-stage implant-based breast reconstruction. These groups of patients showed that 
the complication rate in the AM-groups were much higher (32.1% in the Strattice™-group 
and 55.0% in the Meso BioMatrix®-group) compared to the 'normal' two-stage procedure 
(16.7%) and significantly higher numbers of explantation (0% versus 10.7% in the Strattice™-
group and 40.0% in the Meso Biomatrix®-group). As AM's are widely used globally, it is 
of crucial importance to deliver high quality evidence on the safety of these additional 
'implants' inserted in patients. Registration in (inter)national independent opt-out implant 
registry could be of indispensable help in the prospective data sampling of all acellular 
(dermal) matrices to understand its implications for patient safety.
 Compared to the literature, the patients treated with a two-stage procedure without a 
mesh could be assumed as a normal complication rate.16,28 Nevertheless, the rates reported 
in the studies of Davila et al. and Collis et al. were much lower (5.4% and 7.4%) which might 
be due to a short follow-up (30 days) and not including minor complications with no need 
for further treatment.19,29

 The Strattice™-assisted implant-based breast reconstruction has shown a complication 
rate of 32.1% and explantation rate of 10.7%. The higher amount of complications in 
the Strattice™-group compared to the control-group has been replicated in the recently 
published randomised controlled trial described by R.E.G. Dikmans et al. 22

 Compared to the literature on Strattice™ in a single-stage procedure, the complication 
rate in our study conforms to the percentage of complications found by Lardi et al.25 However, 
the complication and explantation rate found in our study are significantly higher than the 
findings in Salzberg et al.8 This could be the result of selection bias with a high inclusion 
rate of oncologic patients with adjuvant radiotherapy or (neo-)adjuvant chemotherapy. 
Hunsicker et al. (2017) recently published its 13 years of cumulative experience showed a 
significant lower complication rate compared to our study. However, in this study several 
meshes were used of which 93% concerns Alloderm and only 6.9% Strattice and 0.1% 
FlexHD. There is no distinction in the complication rate per mesh, nor is there a comparison 
towards a two-stage procedure. These are limitations of the study since, as also seen in our 
study, the complication rate can vary significantly per mesh. In addition, in their study, not 



Ch
ap

te
r 5

86

all operative details are given as post-operative antibiotic regime and rinsing of the cavity 
making it difficult to compare the studies with each other. On the other hand, one may 
wonder whether the complication rate decreases according to the surgeon becoming more 
experienced with single-stage implant-based breast reconstructions using an AM.21

 The Meso BioMatrix®-group experienced complications in 55.0% of the breasts and 
explantation in 40.0% of the breasts. Zero minor complications in the Meso Biomatrix®-
group suggests a detection bias of the cohort study, implying not precise enough reports 
of minor complications in the (outpatient) clinic. A prospective controlled study might thus 
reveal even higher complication rates in this Meso Biomatrix®-group. To our knowledge no 
studies have published the use of Meso BioMatrix® in single-stage implant-based breast 
reconstruction yet. One trial is registered and is still including patients.30 Therefore, the only 
comparison that can be made is with other types of AM.8,11-13,18,24,31 In line with the previous 
studies, Meso BioMatrix® gives significantly more complications than described in other 
studies using AM's in a single-stage implant-based breast reconstruction, where different 
kinds of AM's seem to have acceptable complication rates.8,11-13,18,24,31

 We corrected for the potential confounders BMI, age at operation, adjuvant 
chemotherapy, radiotherapy and active smoking behaviour. The results were similar after 
correcting for these potential confounders separately. We have chosen these confounders 
based on possible risk factors for complications in implant-based breast reconstruction 
found in the literature.1,10,16,24-27

 Surprisingly, complications that required explantation in both AM groups occurred rather 
late: in the Strattice™-group a median of 69 days (25-349 days) and in the Meso BioMatrix®-
group a median of 54 days (10-187 days). This emphasizes the need for a long follow-up 
when AM's are used. Barber et al also reported the late occurrence of complications using a 
variety of AM’s in breast reconstructive procedures with a median time until loss of implant 
of 73 days with a range of 9-895 days.10 Currently there is a lack of studies that examine the 
complications of AM’s with a follow-up of several years. Moreover, studies seldomly classify 
the time between implantation and complication occurrence although it is of significant 
importance for the outcome and of great interest for the doctor and the patient.
 Limitations of this cohort study design is the risk of selection bias and detection bias 
in the Meso Biomatrix®-group as explained earlier. Based on the patient demographics 
however; the Meso BioMatrix®-group contained a more favourable patient profile than the 
other two groups. The protocols of the two studies were slightly different from one another 
regarding: the postoperative prophylactic antibiotic regime, the amount of time that the 
drains were used and the operative techniques. However, we find it very unlikely that these 
small variations explain the differences in complication rates between Strattice™ and Meso 
BioMatrix®. After all, most complications occurred in the Meso BioMatrix®- group, despite 
the difference in drain- and antibiotic prophylaxis regime, which can be considered an 
advantage for the Meso BioMatrix®-group. Considering that prolonged drain use can be 
associated with postoperative infection and although 24hours of prophylactic postoperative 
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antibiotics seems equivalent to extended oral antibiotics for infections of TE-based breast 
reconstruction, it is not certain if this is also the case in single-stage breast reconstructions 
with AM’s.2,32 Nevertheless, despite of the limitations in the study, it does establish a strong 
suggestion.
 All the surgeries were done in the same hospital performed by twelve plastic surgeons.  
In all three groups, the procedures were carried out by different plastic surgeons. The 
emergence of a complication did not seem to be associated with the plastic surgeon 
performing the operation. Besides the complications, we did not compare possible 
improvement of appearance of the reconstructed breast or patient reported outcomes such 
as the quality of life between these groups. Even though the latter outcomes are rather 
important aspects of patient care, we are convinced that the first and foremost is the patient 
safety.

Conclusion

This study suggests that the two-stage implant-based breast reconstruction without AM’s is 
noticeably safer than the single-stage implant-based breast reconstruction with Strattice™ 
or Meso BioMatrix®. Before using an acellular (dermal) matrix in single-stage implant-based 
breast reconstructions, high quality prospective studies on the safety of this procedure 
should be performed. An (inter)national implant registry could be of great value for post 
market surveillance of these innovations.
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Abstract 

Introduction: 
Acellular dermal matrices (ADM) have been suggested to allow for different approaches and 
reduce the risk of postoperative complications in implant-based breast surgery. Surgeons 
seem to embrace ADMs around the world, although a lack of consistent evidence regarding 
the factors that increase the risk of major postoperative complications remains. 

Purpose: 
To develop and internally validate a model to predict the risk of a major postoperative 
complication in breast reconstructive surgery with and without an ADM.

Methodology: 
The DBIR is an opt-out registry that holds characteristics of all breast implant surgeries in the 
Netherlands since 2015. Using a literature-driven preselection of predictors, multivariable 
mixed-effects logistic regression modelling was used to develop the prediction model. 

Results: 
2939 breasts were eligible, of which 11% underwent an ADM-assisted procedure (single- or 
two-stage). 31% underwent a two-stage procedure (with or without the use of ADM). Of 
all breasts, 10.2% developed a major postoperative complication. Age (OR 1.01), delayed 
timing (OR 0.71), a two-stage technique (OR 4.46) were associated with the outcome. 

Conclusion: 
The data suggest that ADM-use was not associated with a major postoperative complication, 
while two-stage reconstructions were strongly associated with an increased risk of major 
complications. Despite these findings, ADMs are not as popular in The Netherlands as is 
in the USA. The predictive capabilities of the developed model are mediocre to poor but 
because of the above findings, we believe that the role of the two-stage technique as a 
golden standard should be put up for debate. 
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Introduction

Approximately 200,000 women aged 20 to 70 years old had a breast implant in the 
Netherlands in 20151,2, therefore, breast implant surgery can be considered a common 
procedure, and figures indicate that it has not lost its popularity despite international 
implant file (debates)(3). However, breast implant surgery is not free of risk and numerous 
(postoperative) complications can occur with varying incidences depending on patient 
characteristics, surgical technique, and implant of choice.4-6

 Amongst the abundance of available breast reconstruction techniques, the implant 
is often placed underneath the pectoralis muscle. However, the pocket which should 
accommodate this is initially not large enough for definitive implant insertion. Therefore, 
traditionally, the procedure consists of two stages. The volume of the pocket is increased 
by the use of tissue expanders (TE), which, by stepwise stretching, allows for subpectoral 
implant placement in a second procedure. In contrast, single-stage breast reconstruction 
(SSBR) does not use a tissue expander and often disrupts the structure of the pectoral 
muscle to allow for subpectoral implantation or if possible, a subcutaneous position of the 
implant. Despite suggestions that a two-stage breast reconstruction surgery (TSBR) yields 
fewer complications in comparison to SSBR4,7,8; it is evident that a SSBR is less burdensome 
seen from both a financial as well as a patient perspective. The introduction of the acellular 
dermal matrix (ADM) was thought to increase the success rate of mostly SSBR by augmenting 
the subpectoral pocket, as illustrated by literature.4,7 
 ADMs were first used for breast reconstruction in 2005, where Alloderm® was 
mentioned in single-stage breast reconstruction after mastectomy.9 In 2007, the first 
description of the use of Alloderm® in two-stage breast reconstruction appeared.10 The use 
of ADMs in breast reconstruction has become common over the years and different types 
of ADM have entered the market. An ADM is a piece of connective tissue in which only the 
extracellular matrix is still present; serving as a scaffold for adjacent tissues to extend its (a)
cellular composition11 to dimensions that the desired implant requires. ADMs are developed 
from human or animal skin; all ADMs have their own prices and guidelines for storage and 
preparation. Alloderm® is probably the most familiar product to most plastic surgeons 
and is made of human cadaveric split-thickness skin graft. Also Dermamatrix®, FlexHD®, 
AlloMax™ and DermaACELL™ are made of human dermis and are used for submuscular 
breast reconstruction.12 Strattice™ and Permacol™ are made from porcine dermis and are 
also used in TSBR and SSBR for submuscular reconstruction. A large randomized controlled 
trial about the use of Strattice™ in SSBR published in the Lancet had a lot of interest in the 
plastic surgeons working in The Netherlands.13 Braxon®, also made of porcine dermis, has a 
different use compared to the other ADMs. Braxon® is a pre-shaped porcine ADM designed 
for prepectoral breast reconstruction to embrace the breast implant fully on top of the 
pectoralis muscle. A recently published multicentre study from the UK showed satisfactory 
surgical outcomes with the Braxon®.14 
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 Nevertheless, evidence of the effect of using an ADM on postoperative complications is 
indecisive and can be interpreted as contradicting.7,15,16 Large-scale studies and the disclosure 
of well-designed registries in (single or two-stage) breast implant surgery in combination 
with an ADM are lacking. In addition to the use of an ADM, other characteristics may be 
associated with postoperative complications leading to reoperation. 
 Prediction models are used to predict medical outcomes based on trends and patterns in 
available data. For example, they may identify risk factors for postoperative complications for 
treatment or operation (such as breast reconstruction by TSBR or SSBR). Prediction models 
can be helpful in the decision-making process by complementing clinicians’ own clinical 
judgment with evidence-based analyses. Personalized medicine is growing in importance 
and is becoming more and more possible through this combination. By developing a reliable 
prediction model, counseling patients in their treatment options can be simplified and more 
tailor-made for the specific patient.17,18  
 Therefore, this study aimed to analyse the association between ADM and major 
postoperative complications and to develop and internally validate a prognostic model to 
predict the risk of major postoperative complications (major signifying the need for revision) 
of breast reconstruction with and without the use of an ADM using the characteristics taken 
up into the Dutch breast implant registry. 

Materials and Patients

Source of data
In the Netherlands, a registry has been set up for breast implants in 2014, namely the Dutch 
Breast Implant Registry (DBIR). Since 2015 this registry has been collecting information 
on all patients undergoing breast implant surgery in the Netherlands.3 The DBIR is an opt-
out quality and implant registry which documents a collection of characteristics of the 
patient, the surgical procedures, and the device (i.e., an implant or a TE) of all implantation, 
explantation and revision surgeries in the Netherlands. Opt-out signifies that there is no 
necessity of informed consent to register a patient in this registry whereas informed consent 
is assumed in the willingness of the individual to undergo the procedure.14 The collection 
and disclosure of data are in line with local regulations. The professional association of 
plastic surgeons in the Netherlands obliges all plastic surgeons to register all patients in the 
registry unless a patient provides a written objection not to be registered, which is endorsed 
by the national health inspectorate.3,5,19-21 Approximately 95% of the hospitals and 74% of 
the private practices participate in the Netherlands and have steadily been increasing since 
the introduction in 2015.3,19 As a result of this opt-out system, selection bias is minimized.

Patients
Patients that underwent implant-based breast reconstruction between the 1st of January 
2015 and 31st of December 2018 and were registered in the DBIR were included. This includes 
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implant-based breast reconstruction after receiving a mastectomy due to breast cancer, 
a prophylactic mastectomy, a benign breast condition or congenital deformities.5,6 Breast 
reconstruction was performed by a single-stage procedure with or without the use of an 
ADM, or by a two-stage procedure whether or not ADM-assisted. Exclusion criteria consisted 
of breasts that underwent an implant-based procedure before registration; breasts that 
received an (first) implant in the year 2018 were excluded due to incomplete follow-up (less 
than 12 months); second surgery in the TSBR-group not completed with sufficient follow-up; 
procedures with the use of an ADM in a procedure other than the first. 

Outcome
We defined a major postoperative complication as any complication leading to revision 
surgery in the first twelve months after surgery. A major postoperative complication 
can have numerous indications resulting from either patient, surgery, or implant-related 
complications. An overview of complications that may lead to reoperation and that were 
included in the DBIR is provided in Table 1. In the DBIR, all complications are assessed 
or diagnosed before and during the explantation or revision surgery. Consecutive major 
postoperative complications were not studied (i.e., hematoma after revision surgery).

Table 1. Summation of the indications that were defined as possible outcome

Patient-related Surgery-related Device-related

└ Capsular contracture I

└ Breast cancer
└ BIA-ALCL II

└ ASIA syndrome III

└ Breast pain
└ Asymmetry
└ Dissatisfaction

└ Flap problems
└ Skin scarring
└ Skin necrosis
└ Deep wound infection
└ Seroma or haematoma
 
 

└ Device rupture
└ Device deflation
└ Silicone extravasation
└ Device malposition
 
 
 

Summation of indications that underly a major complication and are therefore considered as a possible outcome.  
I: is measured on the four-grade Baker scale (43); II: Breast Implant-Associated - Anaplastic Large Cell Lymphoma;  
III: Autoimmune Syndrome Induced by Adjuvants.

Predictors
As the number of variables collected in the DBIR is too large for implementation in a 
prediction model, a preselection of predictors was made based on available literature 22-24 
and expertise; of which an overview is provided in Table 2. All predictors were assessed 
by a clinician during the preoperative consultation and the first surgical procedure.25 In 
contrast to the outcome, the predictors were registered as dichotomous, categorical, or 
continuous, depending on the measurement level of the predictor, as is described in Table 2;  
the measurement unit and categories can also be found in this overview. 
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Table 2. Summation of the preselection of predictors

PATIENT-RELATED Surgery-related Device-related

└ AGE Φ 

IN YEARS
└ Indication ψ 

as being either for 
mastectomy post cancer, 
prophylactic mastectomy,  
benign breast condition or 
congenital deformity

└ Device shape ω 

as shaped or round

└ ASA-CLASSIFICATION *, Ψ 

RANGING FROM 1 TO 4 
└ Device texture ω 

as  
textured (other) or  
smooth

└ RADIOTHERAPY Ω 

AS YES OR NO
└ Timing ω (delay after mastectomy) 

recorded as immediate or delayed

└ Surgical technique (stage) ω  

recorded as single or two-stage

└ Plane ψ 

as being either 
subglandular, 
subfascial, 
subflap, 
subcutaneous, 
subpectoral or 
dual plane

└ ADM/Mesh use ω 

as yes or no

Summation of the preselection of predictors that were identified by literature and expertise. ω (omega) indicating a 
dichotomous variable, ψ (psi) indicating a categorical variable and φ (phi) indicating a continuous variable. Asterisk 
(*): American society of Anesthesiologists physiscal status classification.

Missing data
Incomplete cases were imputed using stochastic regression imputation using the fully 
conditional specification, to minimize the likelihood of bias compared to complete case 
analysis as well as to prevent the loss of statistical precision. The imputed values were drawn 
using predictive mean matching. Cases with incomplete data in a primary determinant (i.e., 
surgical stage or ADM-use) were not imputed and were excluded from the dataset. 

Statistical analysis 
Ideally, there should be at least 10 to 50 events available per candidate variable (EPV) whilst 
developing a prediction model26; for techniques such as stepwise backward elimination, 50 
EPV may be most suitable.27 The association between the preselected predictors and the 
occurrence of a major postoperative complication was analysed using multivariable mixed-
effects logistic regression modelling to account for the clustering of observations within 
patients (i.e., the occurrence of bilateral procedures); to do so, a random intercept on the 
patient level was included in the model.22,28 Backward stepwise elimination was then used 
to arrive at a more parsimonious model, elimination was performed with an α of 0.2 to 
prevent early deletion of potentially important predictors. The discriminative ability and 
calibration of the model were computed to quantify model performance. The discriminative 
ability was determined using the area under the receiver operating characteristic (ROC), or 
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AUC.28-30 Model calibration was evaluated by plotting deciles of the predicted probability 
against observed frequencies. Internal validation was then used to assess optimism and to 
adjust for overfitting.31 This was performed by drawing 1,000 bootstrap samples from the 
original data which were then used to repeat all modelling steps. The acquired shrinkage 
factor allowed for the computation of the shrunk coefficients to counteract overfitting of the 
model. In addition, the optimism in the AUC found by this procedure was subtracted from 
the apparent AUC.32,33 The study was reported according to the TRIPOD guidelines.34

Results

Patient demographics
The DBIR disclosed patient, surgical and device characteristics of 50,580 breasts of 28,125 
patients that underwent implant-based procedures between the 1st of January 2015 and 31st 
of December 2018. 2939 breasts of 2281 patients met the inclusion criteria, as is visualised 
in Figure 1. The majority of reconstructions were not ADM-assisted. In total 9.8% of breasts 
underwent a SSBR and 1.1% a TSBR with ADM assistance.
 The mean age of all included patients was 49 years old. In this sample, 85% underwent 
breast reconstruction post-cancer treatment and 81% of all procedures took place 
immediately after mastectomy. Of all devices used, 91% were anatomically shaped and 1% 
had a smooth texture. The demographics of all preselected predictors are described for 
each domain, per stratum, in Table 3. The completeness of data within this selection of 
breasts differed significantly amongst the predictors, ranging from 0.1% to 24% missing with 
a median of 2.6%. An overview of the distribution of the major postoperative complications 
within the selected sample is found in Table 4. In 10% (n = 300) of the breasts a major 
complication occurred. The proportion of complications found in each group varied from 
4.5-5.0 % in the SSBR-group to 22-31% in the TSBR-group. As shown in Table 4, capsular 
contraction and asymmetry were the most common major complications (respectively 14% 
and 13%) in the overall sample. None of the major complications were due to BIA-ACL or 
silicone extravasation. Major complications in the overall sample due to infection occurred 
in 5.3% of the breasts. Breast pain, flap problems, skin scarring, skin necrosis, seroma 
or haematoma, device rupture or ASIA syndrome were found in 5% or less of the major 
complications.
 In the ADM-assisted reconstructions, all patients requiring revision surgery in the TSBR 
group had to undergo revision due to capsular contracture. One of these patients had flap 
problems in addition to capsular contracture. In two of those patients, a third procedure was 
required because of flap problems that occurred after the revision surgery, whereas in the 
ADM-assisted SSBR-group skin necrosis and deep wound infections caused the most major 
complications (respectively 39%, 31%). In the non-ADM-assisted breast reconstructions, 
most major complications in the TSBR-group occurred due to asymmetry and capsular 
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contraction (17% and 16%), whereas in the SSBR-group device malposition and deep wound 
infection were the most frequent noted major complications. 

Figure 1. Flow diagram of sample selection; including a schematic overview of the number of samples in several 
groups of interest. Note: exclusion took place on a breast-level, patients can be included with a single breast were it 
to fall in line with described selection. *patients with an indication benign breast condition, or congenital deformity 
with an incision site denoted as mastectomy scar are included however, excluded breasts can contain a mastectomy 
scar, though this was not used for incision
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Table 3. Sample demographics

  With ADM Without ADM Overall sample

Surgical technique (stage)
Overall Sample - Patients
Overall Sample - Breasts

SSBR
213
289

TSBR
22
32

SSBR
1378
1739

TSBR
696
879

 
2281
2939

 Patient characteristics
Laterality
Right
Left
Bilateral

 
66
73

150

 
7
8

17

 
489
514
736

 
273
247
359

 
835
842

1262

Intervention
Insertion
Replacement
└ Unplanned
└ Planned
Explantation
Time to event in days as median
Absolute deviation
Age in years as mean
Standard deviation

 
293

3
13
0
5

87
85

46.48
11.48

 
32
37
10
12
0

1651 | 1642

261 | 42

45.09
10.50

 
1765

74
87
0

18
94

115
48.37
11.84

 
927
871
190
272

5
1931 | 2312

681 | 1432

49.62
11.51

 
3017
985
300
284
28

196
115

48.52
11.72

ASA-classification
Category 1
Category 2
Category 3
Category 4
Radiotherapy

 
56% (161)
42% (121)
2.4% (7)
0% (0)

2.1% (6)

 
901% (29)
9.4% (3)
0% (0)
0% (0)

6.3% (2)

 
70% (1224)
26% (446)
2.8% (48)
1.2% (21)
13% (227)

 
66% (581)
31% (276)
1.7% (15)
0.8% (7)

9.6% (84)

 
6% (1995)
29% (846)
2.4% (70)
1% (28)

11% (319)

 Surgical characteristics
Indication
Mastectomy – Cancer
Mastectomy – prophylactic
Benign breast condition
Congenital deformity

 
75% (218)
1.4% (4)
23% (67)

0% (0)

 
72% (23)

0% (0)
28% (9)
0% (0)

 
86% (1496)
0.7% (12)
13% (230)
0.1% (1)

 
85% (750)
0.7% (6)

14% (123)
0% (0)

 
85% (2487)
0.7% (22)
15% (429)

0% (1)

Timing
Immediate
Delayed

 
9% (280)
3.1% (9)

 
100% (32)

0% (0)

 
80% (1382)
21% (357)

 
77% (672)

23.5% (207)

 
81% (2366)
20% (573)

Incision site
Inframammary fold
Mastectomy scar (general)
Mastectomy scar (nipple-sparing)
Axillary
Areolar
Latissimus dorsi
Other

 
8.7% (25)
44% (127)

0% (0)
0% (0)

39% (113)
1% (3)

7.3% (21)

 
16% (5)

75% (24)
0% (0)
0% (0)

6.3% (2)
3.1% (1)
0% (0)

 
16% (286)
49% (849)

0% (0)
1.6% (28)
12% (212)
9% (156)

12% (208)

 
11% (93)

72% (634)
0% (0)

1.1% (10)
7.2% (63)
5.6% (49)
3.4% (30)

 
14% (409)

56% (1634)
0% (0)

1.3% (38)
13% (390)
7.1% (209)
8.8% (259)

Plane
Subglandular
Subfascial
Subflap
Subcutaneous
Subpectoral
Dual plane

 
1% (3)

2.1% (6)
0.7% (2)

3.5% (10)
58% (168)
35% (100)

 
0% (0)

6.3% (2)
0% (0)
0% (0)

16% (5)
78% (25)

 
5.6% (97)
2.8% (49)
11% (182)
5.4% (94)
41% (711)
35% (606)

 
1.3% (11)
0.9% (8)

7.5% (66)
0.7% (6)

66% (577)
24% (211)

 
3.8% (111)
2.2% (65)

8.5% (250)
3.7% (110)
50% (1461)
32% (942)

 Device characteristics
Shape
Round
Shaped or anatomical

 
2.1% (6)

98% (283)

 
3.1% (1)
97% (31)

 
11% (192)

89% (1547)

 
6% (53)

94% (826)

 
8.6% (252)
91% (2687)

Texture
Textured - other
Smooth

 
100% (289)

0% (0)

 
100% (32)

0% (0)

 
99% (1720)
1.1% (19)

 
99% (872)
0.8% (7)

 
99% (2913)
0.9% (26)

Sample demographics with the occurrence of a certain characteristic per group of interest. With, where applicable, 
in brackets the number of breasts that underly the observed value in per cent. 1time to event due to tissue 
expander; 2time to event due to definite implant
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Table 4. Overview of the distribution of major complications 

With ADM Without ADM Overall sample

Surgical technique (stage)
Overall sample
Any major complication
Capsular contracture
Breast cancer reoccurrence
BIA-ALCL
Asia syndrome
Breast pain
Asymmetry
Dissatisfaction
Flap problems
Skin scarring
Skin necrosis
Deep wound infection
Seroma or haematoma
Device rupture
Silicone extravasation
Device deflation
Device malposition

SSBR
289

4.5% (13)
0% (0)
0% (0)
0% (0)
0% (0)

7.7% (1)
0% (0)
0% (0)

7.7% (1)
0% (0)

39% (5)
31% (4)
15% (2)
0% (0)
0% (0)
0% (0)
0% (0)

TSBR
32

31% (10)
100% (10)

0% (0)
0% (0)
0% (0)
0% (0)
0% (0)
0% (0)

30% (3)
0% (0)
0% (0)
0% (0)
0% (0)
0% (0)
0% (0)
0% (0)
0% (0)

SSBR
1739

5% (87)
3.4% (3)
5.7% (5)
0% (0)

1.1% (1)
3.4% (3)
9.2% (8)
4.6% (4)
3.4% (3)
4.6% (4)
9.2% (8)
10.% (9)
3.4% (3)
3.4% (3)
0% (0)

3.4% (3)
12% (10)

TSBR
879

22% (190)
16% (30)
5.8% (11)

0% (0)
0.5% (1)
1.1% (2)
17% (32)
7.4% (14)
1.6% (3)
3.2% (6)
1.1% (2)
1.6% (3)
2.6% (5)
3.7% (7)
0% (0)

7.4% (14)
9.5% (18)

2939
10% (300)
14% (43)
5.3% (16)

0% (0)
0.7% (2)
2% (6)

13% (40)
6% (18)

3.3% (10)
3.3% (10)
5% (15)

5.3% (16)
3.3% (10)
3.3% (10)

0% (0)
5.7% (17)
9.3% (28)

Overview of the distribution of major complications which necessitated revision amongst breasts within 1 year 
after the initial procedure. Note that the proportional incidence is relative to the total number of complications in 
the group of interest. With, in brackets the number of breasts that underly the observed value in per cent.

Model specification
For clinical interpretation in combination with the lack of observations in specific data, the 
information provided by ASA-classification, indication and incision site was reduced using 
clustering of the responses. A more parsimonious model (i.e., post backwards stepwise 
elimination) is found in Table 5, illustrating that the predictor’s age, timing, and stage were 
independently associated with the occurrence of a major postoperative complication. 
Internal validation yielded a shrinkage factor of 0.9. the coefficients of the model were 
multiplied by this constant to arrive at the shrunk coefficients. 

Table 5. Overview of the model characteristics of a model containing both surgical techniques 

SSBR and TSBR

Coefficient Odds ratio (95% CI) P-value Shrunk coefficient

Intercept -2.699   -2.4291

 Patient characteristics

Age in years 0.010 1.01 (1.00 to 1.02) 0.062 0.009

Surgical characteristics

Timing
Immediate
Delayed

 
Reference
-0.347

 
 
0.71 (0.52 to 0.96)

 
 
0.027

 
 
-0.3123

Stage
SSBR
TSBR

 
Reference
1.495

 
 
4.46 (3.47 to 5.74)

 
 
< 0.001

 
 
1.3455

Overview of the predictors and their characteristics that were found to be of significant influence on the outcome 
of major postoperative complication in a model which contained both single as dual-stage procedures. The model 
was shaped with 17 candidate predictors using 300 events in 2939 observations. Note that in the procedure of 
backward stepwise elimination, an α of 0.2 was used to prevent overfitting. 
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Model performance
The performance of the models in terms of discriminative ability was found to be mediocre 
to poor. As illustrated by the ROC curve found in Figure 2, the AUC of the ROC curve was 
0.725. Overall, predicted probabilities corresponded well to observed frequencies in all 
models as is depicted by the deciles portrayed in Figure 3. The overall probabilities found in 
this figure can be considered low, which is a result of the relatively low odds associated with 
a major postoperative complication in our sample.
 To avoid an optimistic predictive ability of the model we corrected the model for this 
optimism. The optimism of the AUC was found to be 0.016, resulting in an optimism-
corrected AUC of 0.709. In general, an AUC of 0.5 suggests no discrimination, 0.7 to 0.8 is 
considered acceptable, 0.8 to 0.9 is considered excellent, and more than 0.9 is considered 
outstanding.

Figure 3. Calibration plot of the final model. The 45° 
diagonal line represents a near-to-perfect agreement 
between the predicted probability and the observed 
probability of a major postoperative complication 
within one year after (definitive) surgery. The open 
circles in grey represent the deciles of the predicted 
probabilities of the final model.

Figure 2. The receiver operator characteristic of the 
final model. The AUC of the final model is 0.725 
(0.709 after optimism correction). The 45° diagonal 
line represents an AUC of 0.5 and the area under 
the plotted curve in grey represents the AUC of the 
apparent AUC of the final model. 
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Discussion

In the field of plastic and reconstructive surgery innovation is crucial. For such innovation 
it is most desirable to contribute to a reduction in costs on the one hand, but also improve 
the result and reduce the risk of complications on the other. Most of the evidence regarding 
postoperative complications is based on retrospective views or case series analysing 
different kinds of complications in uses of different kinds of ADM.15 In this study, we tried to 
create a model to predict the risk of major postoperative complications (i.e., the need for 
revision) in breast reconstructive surgery with and without an ADM. 
 We did not find ADM-use to be associated with major postoperative complications in 
the prediction model on group level. This is in contrast to previous findings of recent studies 
conducted in the Netherlands7,22 but in line with studies conducted elsewhere.4,15,16,35,36 A 
possible explanation could be that the registered patients who had surgery after ADMs were 
used more in practice than the first studies applied. Or that for example in the Netherlands 
ADMs are only used by believers and thus experienced users in comparison to previous 
years in which ADMs might have been used more often. In addition, it is also possible that 
the ADMs used at this moment have changed. Still, these data suggest that single-stage 
procedures have fewer complications and ADMs might not be needed for these single-stage 
procedures. Future studies should thereby focus on the safety and aetiology of SSBR in 
comparison to TSBR with and without the use of different kinds of ADMs.37

 In the Netherlands, there is no clear guideline on when to opt for an ADM. The use 
depends on the hospital, but especially on the plastic surgeon. Outside of the Netherlands, 
some surgeons only use ADMs in cases they perceive as high-risk cases (smoking, high BMI, 
comorbidities, (neo)adjuvant breast radiation, desire for large implant volume, etc.), but 
this certainly is not the case in the Netherlands. 
 In the Netherlands, there can be various reasons why a surgeon chooses to use an ADM 
or not. A history of radiotherapy on the breast, or not wanting to place the prosthesis under 
the muscle can be a reason to opt for an ADM. Some surgeons only use an ADM in the context 
of a SSBR, instead of a TSBR without an ADM. In general, the skin flaps in the Netherlands are 
perceived to be quite thin compared to other countries. It is therefore not standard practice 
to perform a TSBR if a lower quality of the skin flaps is observed, in these cases no direct 
reconstruction is usually done at all. In the Netherlands, the large RCT about Strattice® is 
particularly popular, with as a result that many surgeons are not very keen on the use of ADMs 
in SSBR.13 With our study, we hope to show a different view on the use of ADMs and SSBR. 

Interpretation
In assessing the crude incidence of major complications in implant-based breast reconstruction 
in our dataset, it is evident that there is a substantial difference in comparing the major 
postoperative complication rate of the SSBR data to the TSBR data. TSBR has a strong 
association with a major postoperative complication (OR 4.46). However, this high OR is likely 
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caused by more factors, which we unfortunately could not include in the analysis as they are 
not included in the DBIR dataset. It is conceivable that TSBR procedures were only performed 
in certain groups that, for example, had more comorbidities, such as a high BMI, desire for 
large implant volume and were active smokers. These factors were added recently to the DBIR, 
so could be added to the model in the feature. 
 Striking is the difference in the types of complications occurring within the different 
methods of breast reconstruction. Comparing SSBR with and without the use of ADM, in 
the ADM-assisted reconstructions skin necroses, deep wound infections and seroma or 
haematoma evidently occurred in a higher percentage of the breasts than in the SSBR 
without the use of an ADM. Although these percentages in our data were higher than those 
in the literature, our model showed that ADM-use is not significantly associated with major 
postoperative complications. This is consistent with the literature.36,38 Device malposition 
and asymmetry were only seen in the reconstructions without the use of an ADM, which 
could suggest that ADMs provide better prevention against malposition of the prostheses 
and provides better symmetry. 
 In addition, delayed timing is associated with decreased odds for a major complication  
(OR 0.71), which is not consistent with previous suggestions in the literature.22 
 As the odds of the included predictors to induce a major postoperative complication are 
relatively low, all developed prediction models display mediocre to poor discrimination of 
cases. Nonetheless, the models do fit the observed frequencies. 

Limitations
The DBIR is a relatively young registry and factors are still actively added, such as in September 
2017.5 As a result, risk factors that were added later in the registry such as smoking status, 
body mass index and implant volume were not yet suitable for admission in the prediction 
model due to the lack of statistical power.22,24 While recent studies suggest that these factors 
may play a major role in the risk of postoperative complications in SSBR.39,40 In addition, there 
is insufficient information on the types of ADM that were used, as this factor was also added to 
the DBIR in September 2017. Resulting in a sample size unsuitable for analysis. Moreover, the 
DBIR being a young registry, it is sensible to assume that information bias as a result of incorrect 
entries is present, despite the efforts that were made to minimalize this. In addition, centre 
and surgeon information was not disclosed due to privacy concerns, prohibiting any insight 
into the influence of clustering of centres and surgical experience, despite their potential 
relevance.41,42 It is debatable whether postoperative breast pain and dissatisfaction can be 
considered a suitable outcome definition due to their subjective nature. However, assuming 
that it is likely that best efforts were made to prevent reoperation, these events were still 
considered to be cases as they pose to be relevant complications from a clinical perspective.
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Implications
The usefulness of the developed prediction model in terms of clinical utility can be considered 
to be mediocre to poor. We hypothesize that the inclusion of risk factors such as smoking 
status, body mass index and implant volume in combination with a larger TSBR data can yield 
a more interesting result. Nonetheless, the lack of clinical utility does not imply that the results 
do not provide any clinically interesting findings. 
 First and foremost, within this non-randomized sample, ADM-use was not as widely 
used in the Netherlands as in the USA. More importantly, ADM use was not associated 
with a major postoperative complication as was suggested by many studies. In contrast, we 
observed that there is a strong association between TSBR and revision surgeries. In terms 
of future clinical research, this raises the question of whether the traditional TSBR, which is 
considered to be the golden standard in the Netherlands, is truly the golden standard (with 
and also without ADM use).

Conclusion

ADM-use was not associated with an increased risk of major postoperative complications. 
In contrast, we observed a strong association between TSBR and major postoperative 
complications, which raises the question of whether the traditional TSBR should remain 
the golden standard for long. The usefulness of the developed prediction model in terms of 
clinical utility can be considered to be mediocre to poor. The inclusion of more risk factors in 
the DBIR database is necessary to yield a more interesting result.
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Summary 

The deep inferior epigastric artery perforator (DIEP) flap is one of the most used free flaps 
for the reconstruction of the breast after a mastectomy. Despite careful selection of the 
patients and preoperative imaging, difficulties in vascularization of the flap can occur in some 
cases. Although multiple vascular connections (bipedicled, turbocharged, or stacked) can be 
made in selected cases, there can still be venous congestion before the flap is transferred.
 Between 2016 and 2018, 4 cases in our series of 281 patients experienced such 
problems. Three of 4 patients had undergone preoperative imaging of the perforators 
by a magnetic resonance angiography or computed tomography angiography, in which a 
good perforator was seen. All 4 patients had a venous problem of blood circulation in the 
flap intraoperatively. The flaps were left to rest to decide on its venous status. Without 
improvement after this period of 20 to 30 minutes, the surgeons decided to withhold the 
translocation of the flap to the chest wall and sutured the flap back into the donor side. The 
final anastomosis of the DIEP flap occurred on average 8 days after the prefabrication. The 
translocation of the DIEP flap to the chest in this second operation went uncomplicated in all 
cases. Postoperatively, all patients had adequate arterial inflow and venous outflow of the 
flap. There were no postoperative complications.
 In case a DIEP flap shows venous problems before translocation, a delay procedure can 
be applied. In this way, the vascularization of the flap can be improved, and the translocation 
of the DIEP flap in a second operation can be successfully performed.
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Introduction 

The deep inferior epigastric artery perforator (DIEP) flap has become an essential tool in 
the reconstruction of breasts postmastectomy since its introduction in 1989 by Koshima 
and Soeda1 and Allen and Treece.2 It is one of the most used free flaps for reconstruction 
of the breast after a mastectomy. Despite careful selection of the patients and extensive 
surgeon experience and preoperative imaging, venous congestion of the flap can develop 
intraoperatively. The delay procedure is the rendering of relative ischemia in tissue to 
increase the vascularity of those tissues over time before flap transfer. The choke vessels 
play an important role in this increase of vascularity. Choke vessels are small vessels that 
connect angiosomes to one another. When a particular angiosome becomes compromised, 
the choke vessels dilate to support the compromised area. To support another angiosome 
beyond its direct neighbor, a delay procedure is needed. The delay procedure is based on 
the theory of exposing a flap gradually to a decreased blood flow, which enables the flap 
to survive. The flap will undergo ischemic changes when the blood flow is disrupted. An 
anaerobic metabolism will be established where the tissue pH changes to a more acidic 
environment. The blood vessels in the flap will dilate just as the choke vessels; therefore, the 
venous outflow of the flap will increase.3,4 Although this procedure has been used in various 
free flaps, there is not much literature on the use in the DIEP flap. In this article, we report 
on 4 cases between January 2016 and February 2018, where the surgeons decided to use 
this delay procedure because of venous congestion of the DIEP flap intraoperatively.

CASE 1
A 52-year-old woman was listed to undergo a secondary DIEP reconstruction of the 
breast after she had received a mastectomy and reconstruction with a breast implant 2 
years before. The DIEP reconstruction was indicated because of persistent complaints of 
an uncomfortable silicone breast implant. During the DIEP operation, only 1 adequate 
perforator was identified, which was located periumbilical right. After dissection of the 
perforator and the deep inferior epigastric artery, a venous congestion of the flap was seen 
(Figure 1). The vascularity did not improve after waiting 30 minutes, and therefore the 
delay procedure was chosen. Three days after the prefabrication of the flap, it developed 
a perfect capillary refill and color. On the seventh day after the prefabrication, the flap was 
successfully transferred to the breast.
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Figure 1. Venous congestion of the flap after dissection of the perforator and the deep inferior epigastric artery.

CASE 2
A 52-year-old woman was to receive a primary DIEP reconstruction after a mastectomy 
procedure. On the magnetic resonance angiography (MRA), good perforators were shown 
on the left side of the abdomen. During surgery, 2 adequate perforators were located on 
the right side of the abdomen. The lateral perforator showed a larger diameter in the vein. 
After cutting the medial perforator, the flap showed venous congestion. Two lateral veins of 
the pedicle were connected to the sieve, but the flap remained venously congested. It was 
decided to delay the procedure. During this delay, the turbocharged vessels were left intact. 
Seven days after prefabrication of the DIEP, the flap was transferred to the breast.

CASE 3
A 50-year-old woman had 2 good perforators in situ intraoperatively, corresponding with the 
MRA. After clipping one of the perforators, the flap showed venous congestion. The surgeon 
performed a turbocharge connecting the left lateral perforator to the medial perforator, but 
the capillary refill stayed accelerated, also after a 30-minute pause. The delay procedure was 
performed, and the flap was transferred to the breast 6 days after prefabrication.

CASE 4
A 52-year-old woman underwent a secondary DIEP reconstruction after mastectomy and 
initial reconstruction with a silicone breast implant 31 months earlier. Intraoperatively, the 
surgeons identified a good perforator on the left side, corresponding with the computed 
tomography angiography. After placing a clamp on the perforator on the right side, the flap 
showed venous congestion. The surgeons tried to use the right perforator by placing the 
clamp on the left perforator, but still the flap showed venous congestion. Therefore, they 
delayed the procedure, leaving both perforators intact. Two weeks later, the DIEP flap was 
transferred to the breast using the perforator on the right.
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Results

Between January 2016 and February 2018, we performed 281 DIEP flaps for reconstruction of 
a breast; in 4 cases, we decided to perform the delay procedure. All 4 cases describe unilateral 
breast reconstruction in healthy women with an average age of 51.5 years (table 1) using a 
delayed DIEP flap procedure. Two patients were active smokers and stated to have stopped 
preoperatively for the reconstruction. One patient received a primary breast reconstruction 
with the DIEP flap. The delay procedure was performed in all cases because of a venous 
problem of the flap intraoperatively.

Table 1. Demographics and operational details of the four cases with the delayed procedures. 

Case 1 Case 2 Case 3 Case 4

Patient age, yr
BMI, kg/m2

Smoking
DM
Anticoagulant
Preoperative radiation

52
20
No
No
No
No

52
29.4
Quit preoperative
No
No
No

50
23.3
Quit preoperative
No
No
No

52
28
No
No
No
No

Previous breast operation Mastectomy with 
TE and prosthesis 
reconstruction

No Mastectomy 
without 
reconstruction

Mastectomy 
with TE 
reconstruction 

Primairy or secundairy DIEPflap Secondary Primary Secondary Secondary 

Unilateral of bilateral DIEPflap Unilateral Unilateral Unilateral Unilateral 

Preoperative imaging No MRA MRA CTA

Turbocharge No Yes Yes No 

Time of clinical improvement 
of flap after prefabriaction flap, 
days

3 4 3 2

Time of delay flap transfer after 
prefabrication, days

7 7 6 12

Ischemic time during flap 
transfer, min

61 55 63 64

Used parts of the flap for 
transfer*

Zone 1,2,3 Zone 1,2,3 Zone 1,2 and 
parts of zone 3.

Right sight of 
the flap

Weight flap, gr 250 630 580 849

Discharged of hospital, days after 
delayed DIEP

5 5 5 5

Postoperative complications after 
flap transfer

None None None None 

*zone classification: Hartrampf’s zones of perfusion

When applying the delay procedure, a latex-free green glove was placed around the 
perforator(s) to prevent adhesion (Figure 2). The dissected perforators were clipped. In cases 
1, 2, and 3, the fascia was left open. The flap was fixed by skin staples, and a subcutaneous 
drain was placed. The patients received a urinary tract catheter and were admitted to the 
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ward with absolute bed rest and intravenous antibiotics. Only 1 patient was discharged from 
the hospital between the 2 operations; in this case, the fascia was closed, and the wounds 
were closed with subcutaneous and intracutaneous resorbable sutures.

Figure 2. When applying the delay procedure, a latex-free green glove was placed around the perforator(s) to 
prevent adhesion.

After an average of 3 days (range, 2–4 days), the flap showed a normal capillary refill, and 
the transfer of the DIEP flap was performed after an average of 8 days (range, 6–12 days) 
after the prefabrication of the flap (Figure 3). The turbocharged vessels were left intact on 
the flap, and the fascia was closed without the use of a mesh in all 4 cases. All patients 
were discharged from the hospital 5 days after the delayed DIEP flap reconstruction, which 
corresponds with the discharge after a non-delayed flap procedure. All patients received 
dalteparin 5000 IU subcutaneously once daily after the first operation until 6 weeks after 
the flap transfer (Figure 4), corresponding with a normal DIEP flap operation. There were 
no anesthesia complications, and none of the patients had postoperative complications, 
including fat necrosis, in a follow-up of at least 3 months. In this case series, there were no 
unsuccessful attempts with the delay procedure.
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Figure 3. In the operation room just before the transfer of the DIEP flap, 7 days after prefabrication.

 
Figure 4. The result 6 weeks after the transfer of the delayed DIEP flap.

Discussion

The perforasomes of the DIEP flap have been described in detail by different authors.5,6 Wong 
et al5 found difference in vascular territory in flaps based on medial perforators and those on 
lateral perforators. The vascular territories of the flaps from medial perforators seemed more 
centralized, whereas the territories of the lateral perforators were more lateral and did not 
often cross the midline. However, for small to medium breast reconstructions with a hemi-
abdominal flap, it should be safe enough to harvest a flap on a single lateral row perforator.5
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 The standard procedure used in the hospitals of our group in case of a intraoperative 
venous problem in a DIEP flap is to convert to a bipedicled flap by harvesting 2 perforators 
and connect them to each other or to connect the 2 pedicles on the proximal and distal part 
of the arteria and vena mammaria.7 Alternatively, a turbocharge is performed connecting 
the superficial venous system with the deep venous system or connecting a lateral and a 
medial row perforator of the contralateral side.8,9 In these 4 patients, a turbocharge was 
done in 2 cases, but did not have enough effect on the venous drainage of the flap. In the 
other 2 cases, the surgeon decided not to create a turbocharge because of a lack of good 
veins. This led the surgeon to choose the delay procedure in all 4 cases.
 The delay technique has been used more often in free flap procedures. However, very 
limited literature on the use in the DIEP flap exists. Different authors described the delayed 
procedure in the breast reconstruction by a pedicled transverse rectus myocutaneous 
flap.10,11 In 2010, a clinical experience of 6 patients who underwent the delayed phenomenon 
with a DIEP flap as part of study was published by Christiano and Rosson.12 In contrast to our 
patients, 2 of their patients had arterial problems instead of venous congestion. And their 
delay interval (15.8 days) was quite long compared with the delay in our cases (8 days). It is 
remarkable that the patients from the study of Christiano and Rosson12 went home in the 
postoperative period, whereas 3 of our 4 patients stayed hospitalized the entire time between 
the 2 operations. The only other report on the delay of a DIEP flap, to our knowledge, was 
published by Hyza et al.13 They reported on 1 case of a delayed DIEP flap breast reconstruction 
that was successfully transferred after 4 days, and no postoperative complications occurred.
 The physiology of the delay procedure is based on an early and a late phase. In the 
early ischemic state, the blood vessels constrict by the release of norepinephrine into the 
tissue due to transsected sympathetic nerves that causes a hyperadrenergic state. After 
this hyperadrenergic state, a reactive vasodilation is seen with an increased blood flow. The 
choke vessels reorient along the axis of the flap, resulting in a better blood supply to regions 
of the flap most susceptive for necrosis. The late ischemic effects in the delay procedure 
are based on a reduced vasoconstrictor response and an elevated vasodilator response, of 
which is thought to favor flap survival. Besides the change in metabolism, the late phase is 
characterized by neovascularization of the flap.4,14 In addition, it becomes clearer which part 
of the flap has a sufficient outflow in a few days after the first operation. During the second 
operation, only the part of the flap with a good vascularization can be transferred to the 
breast that is likely to survive. In this way, there is a reduced chance of (partial) flap loss.
 Nowadays, new monitoring techniques are available such as indocyanine green-
enhanced fluorescence evaluation to monitor the vascularity of a flap during the operation. 
If problems of vascularization of the flap cannot be solved by turbocharging techniques, the 
delay technique can be useful in DIEP flap breast reconstruction.



Ch
ap

te
r 7

119

Conclusions

We describe a usable technique in case of venous congestion problems during surgery in 
DIEP flaps. The delay procedure can be performed improving the venous outflow of the 
flap so that the translocation of the DIEP flap in a second operation can be successfully 
performed. In addition, the delay procedure makes it possible to predict which part of the 
flap is likely to survive so that only this part of the flap can be transferred to the breast.
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Abstract

Background: 
The deep inferior epigastric artery perforator (DIEP) flap is one of the most used free flaps 
for postmastectomy breast reconstruction. Prolonged ischemia can result in (partial) flap 
loss. The aim of this study was to evaluate the association between ischemia time and 
postoperative complications of DIEP flap breast reconstruction. 

Methods: 
A retrospective study of all patients who received a breast reconstruction with a DIEP flap 
at Maastricht University Medical Centre in the Netherlands, between January 2010 and 
June 2017 (n= 677). The flaps were divided into two groups: flaps with an ischemia time 
less than 60 minutes and those with 60 minutes or more. Recipient site complications, in 
particular major complications equal to re-exploration, partial or total flap loss were the 
primary outcome measures. 

Results: 
In 23.9% of the 677 included DIEP flaps the ischemia time was 60 minutes or longer. Within 
this group, a complication of the recipient site occurred in 30.9% of the flaps. A major 
complication occurred in 17.3% of the flaps with 60 minutes or more ischemia time. With 
regard to the flaps with less than 60 minutes ischemia time a complication occurred in 
22.1% of the cases of which 8.9% would be considered a major complication. A significant 
association was found between ischemia time and major complications on univariate 
(p-value= 0.003) and multivariate analyses (p-value= 0.016). 

Conclusions: 
This study demonstrates that an ischemia time less than 60 minutes is associated with a 
significantly lower risk of major recipient site complications compared to an ischemia time 
of 60 minutes or more.
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Introduction

Utilization of the free skin flaps based on a single paraumbilical perforator vessel from the 
deep inferior epigastric artery was described by Koshima and Soeda, after which Allen and 
Treece introduced the DIEP flap for breast reconstruction in 1994.1,2 Nowadays the deep 
inferior epigastric artery perforator (DIEP) flap is one of the most frequently used free flaps 
for autologous breast reconstruction. 
 Studies have shown that breast reconstruction with a DIEP flap is safe and has many 
advantages over other methods. But minor and major complications of the recipient site still 
occur. Several risk factors for complications have already been reported, including obesity, 
diabetes mellitus, radiation and smoking.3-5 However, substantial proof with regard to the 
influence of ischemia time remains relatively unknown.
 During surgery the blood flow of the free flap is interrupted for a period of time, also 
called the ischemia time. During this time, structural and metabolic changes can occur. These 
include the separation of leucocytes, the constriction of capillaries and metabolic dysfunction 
of endothelial cells.6 These changes promote tissue injury by increased intracellular calcium 
concentration which can induce production and up-regulation of inflammatory mediators. 
If the ischemia time is longer than the tissue’s ischemia tolerance, tissue damage can 
occur.7,8 Studies show that adipose tissue has a greater ischemia tolerance than skin tissue.9 
However, little has been reported with regard to the relation between ischemia time and the 
occurrence of complications and flap loss regarding breast reconstruction.10,11 
 The current hypothesis is that a longer ischemia time (i.e. over 60 minutes) has an 
adverse effect on the survival of the flap. The aim of this study was to analyse the effect of 
60 minutes or more ischemia on the development of complications and in particular major 
complications that lead to re-exploration, partial or total flap loss. 

Patients and methods 

A retrospective analysis of a prospectively collected cohort was performed on patients who 
underwent an immediate or delayed DIEP flap breast reconstruction at Maastricht University 
Medical Center (MUMC+) in the Netherlands between January 2010 and June 2017. 
 The study was performed in accordance with the ethical standards of the Declaration of 
Helsinki. 

Outcome measures
Patient demographics and medical records were reviewed. Co-morbidities, risk factors, 
oncological therapy and operative details were collected. The postoperative follow-up period 
was at least one month. A complication was defined as any complication at the recipient site 
including wound problems, hematoma, seroma, fat necrosis, infection, re-exploration and 
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partial or total flap loss. Major complications were defined as partial or total flap loss or re-
exploration.
 Because we did not anticipate there to be a linear association between ischemia time 
and the log-odds of experiencing a complication, but hypothesized that there would be 
a threshold after which ischemia would result in a higher likelihood of complications, we 
chose a cut-off value of 60 minutes based on consensus between the surgeons in our centre 
involved in these procedures. 
 The ischemia time was collected from the operation report made by the plastic surgeon, 
in which the ischemia time is normally mentioned in minutes. If the time was not mentioned 
in the operation report it was possible to get the data from the operation report of the 
anaesthesiologist where the start and finish of the ischemia time is mentioned.

Statistical analysis
Descriptive statistics were used to summarize the demographic variables of the cohort. Mean 
and standard deviation (SD) were described for the continuous variables with a symmetric 
distribution and median with minimum and maximum ranges for continuous variables with 
a skewed distribution. Frequencies and percentages were used for categorical variables. We 
used stochastic regression imputation to imute missing values to prevent a loss of statistical 
power.
 Demographic variables were compared between patients with an ischemia time less 
than 60 minutes (<60 minutes) and an ischemia time 60 minutes or more (≥60 minutes). 
Ischemia time was defined at the time between the interruption of blood supply of the flap 
and the restoration of sufficient circulation through the flap by a successful anastomosis of 
the pedicle. Differences in demographics between the ischemia groups were assessed using 
the Mann Whitney U test for continuous variables and Chi-square tests, or Fischer’s exact 
tests as appropriate for categorical variables. After an univariable analysis of the effect of 
ischemia time on risk of postoperative complications a binary logistic regression analysis was 
used to assess the associations of clinically relevant factors including age at operation, body 
mass index (BMI), smoking status, weight of transplanted flap, ischemia time, radiotherapy, 
diabetes mellitus (DM), neoadjuvant chemotherapy, number of perforators, uni- or bilateral 
DIEP flap and immediate or delayed reconstruction, with the occurrence of complications. 
The variables included in the logistic regression analysis were chosen based on literature 
and differences between groups.3,4 Due to a lack of events, we were not able to assess 
the associations of major complications with all the same factors in the logistic regression 
analysis. We decided to assess the associations of major complications with BMI, smoking 
status, weight of transplanted flap, ischemia time, radiotherapy and chemotherapy. Some 
women underwent bilateral reconstruction and hence, some observations were clustered 
within patients. Because of the low proportion of clustered data, we chose to use normal 
regression that does not account for uncorrelated data. As a sensitivity analysis, we repeated 



Ch
ap

te
r 8

127

the analyses using generalized estimating equations (GEE) to assess whether models that 
account for clustering would provide different estimates.
 A p-value ≤0.05 was considered to be statistically significant. Data analyses were 
performed using SPSS software (version 23.0, SPSS INC, Chicago, IL, USA) for Windows.12

Results

In this study 677 deep inferior epigastric artery perforator (DIEP) flaps, in 471 patients, for 
breast reconstruction performed in Maastricht University Medical Centre were included. 
Characteristics of all 677 flaps are summarized in table 1. 

Table 1. Patient demographics of the different groups

Total Ischemia time 
<60min

Ischemia time 
≥ 60min

P-value *

DIEP flaps, n
Age at operation, median(min-max), yr
Smoking, n (%) 
Body mass index, mean (SD), kg/m2

Diabetes mellitus, n (%)
Neo-adjuvant therapy, n (%)
Immediate reconstruction, n (%)
Weight of transplanted flap, mean (SD),100gr

677
49 (20-81)
50 (7.4%)
26.9 (3.7)
26 (3.8 %)
135 (19.9%)
342 (50.5%)
6.516 (2.511)

515
49 (24-81)
35 (6.8%)
26.8 (3.7)
22 (4.3%)
109 (21.2%) 
268 (52.0%)
6.453 (241.6)

162
50 (20-72)
15 (9.3%)
27.3 (3.9)
4 (2.5%)
26 (16.0%)
74 (46.0%)
7.135 (2.734)

0.071
0.296
0.195
0.298
0.259
0.158
0.003*

Number of perforators per flap, n (%) 
1 
2 
3 or more

 
485 (71.6%) 
167 (24.7%) 
25 (3.7%)

 
382 (68.3%) 
114 (22.1%) 
19 (3.7%)

 
103(63.6%) 
53 (32.7%) 
6 (3.7%)

 
0.023* 

Unilateral, n (%)
Bilateral, n (%)
Stacked unilateral, n (%) 
Adjuvant chemotherapy, n (%)
Radiation, n (%)

235 (34.7%)
412 (60.9%)
30 (4.4%)
245 (36.2%)
189 (27.9%)

158 (30.8%)
334 (64.9%)
23 (4.5%)
179 (34.8%)
144(28.0%)

77 (47.5%)
78 (48.1%)
7 (4.3%)
66 (40.7%)
45 (27.8%)

0.000*
 
 
0.167
0.964

*p value between groups were assessed using the Mann Whitney U test for continuous variables and Chi-square 
tests, or Fischer’s exact tests as appropriate for categorical variables 
F = assessed by Fischer’s exact test

The median age of the patients was 49 years. The mean BMI was 26.9 kg/m2 (SD 3.7). 
Fifty (7.4%) flaps were performed on patients who were active smokers at the time of the 
operation. 412 (60.9%) flaps were used for a bilateral DIEP reconstruction, 235 (34.7%) 
were unilateral flaps and 30 (4.4%) flaps were stacked unilateral reconstructions. A total 
of 135 (19.9%) of the flaps were performed on patients who had received neoadjuvant 
chemotherapy. The mean weight of the transplanted flap was 651.6 grams (SD 251.6). In 
485 (71.6%) of the flaps only one perforator was used for the anastomosis, in 167 (24.7%) 
flaps two perforators were used and only in 25 (3.7%) of the flaps three or more perforators 
were re-attached. The median ischemia time was 51 (18-215) minutes per flap. 
 As shown in table 1, the flaps were divided in two groups based on their ischemia 
time. 162 (23.9%) flaps were performed with an ischemia time ≥60 minutes. Univariate 
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analyses were performed in order to identify differences between groups. The weight of the 
transplanted flap was statistically significantly higher in the group with an ischemia time ≥60 
minutes (p-value = 0.003). 
 A comparison of complications between the groups categorized by ischemia time is 
shown in table 2. In the group with an ischemia time of ≥60 minutes significantly more 
complications occurred (30.9%) compared to the flaps with an ischemia time of <60 minutes 
(22.1%, p-value =0.024). Even when only major complications were taken into account, a 
statistically significant difference was observed between the two groups (p-value = 0.003). 
 Binary logistic regression analysis for overall complications was used to adjust for 
other factors including age at operation, diabetes mellitus, BMI, smoking status, weight of 
transplanted flap, ischemia time, radiotherapy, chemotherapy, number of perforators, uni- 
or bilateral DIEP flap and immediate or delayed reconstruction. As shown in table 3 the 
logistic regression analysis showed that the weight of the transplanted flap and BMI was 
significantly associated with postoperative complications (OR 1.110; p = 0.010, OR 1.070; 
p=0.043). The other variables were not significantly associated with complications after a 
DIEP flap breast reconstruction.
 Table 4 shows results from the binary logistic regression analysis for major complications 
adjusted for BMI, diabetes, weight of transplanted flap, ischemia time, radiotherapy and 
neoadjuvant chemotherapy. The logistic regression analysis showed that the ischemia time 
was significantly associated with postoperative major complications (OR 1.891; p=0.016). 
In addition, a statistically significant association was found with regard to the weight of the 
transplanted flap (OR 1.110; p = 0.015). 

Table 2. Complication rates between the groups

Ischemia time 
<60min

Ischemia time ≥ 
60min

P-value* 

DIEP flaps, n
Wound problems, n (%)
Infection, n (%)
Haematoma, n (%)
Seroma, n (%)
Fat necrosis, n (%)
Re-exploration, n (%)
Re-anastomosis, n (%)
Partial flap loss, n (%)
Total flap loss, n (%)
Overall complication, n (%)
Major complication, n (%) 

515
57 (11.1%)
32 (6.2%)
23 (4.5%)
7 (1.4%)
38 (7.4%)
34 (6.6%)
23 (4.5%)
17 (3.3%)
10 (1.9%)
114 (22.1%)
46 (8.9%)

162
18 (11.1%)
6 (3.7%)
12 (7.4%)
2 (1.2%)
19 (11.7%)
21 (13.0%)
7 (4.3%)
9 (5.6%)
8 (4.9%)
50 (30.9%)
28 (17.3%)

 
0.988
0.226
0.140
1.000F

0.082
0.010*
0.938
0.193
0.050F

0.024*
0.003*

*p value between groups were assessed using the Mann Whitney U test for continuous variables and Chi-square 
tests, or Fischer’s exact tests as appropriate for categorical variables 
F = assessed by Fischer’s exact test

Table 3. Binary logistic regression analysis to assess the associations of overall complications 
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p-value OR 95% CI

Lower Upper

Age at operation, yr
Smoking
Body mass index, kg/m2

Diabetes mellitus 
Neo-adjuvant therapy
Immediate reconstruction
Weight of transplanted flap, 100gr.

0.625
0.160
0.043
0.426
0.246
0.724
0.010

0.955
1.597
1.070
1.420
0.722
0.930
1.110

0.974
0.831
1.002
0.598
0.417
0.622
1.000

1.016
3.069
1.144
3.370
1.251
1.391
1.221

Number of perforators per flap
1
2
3 or more

0.694
0.396
0.838

-
0.828
0.907

-
0.535
0.354

-
1.281
2.320

Unilateral
Bilateral
Stacked unilateral 

0.536
0.267
0.752

-
0.786
0.844

-
0.514
0.295

-
1.202
2.414

Radiation
Ischemia time, < or ≥60min

0.439
0.134

1.195
1.377

0.761
0.906

1.878
2.094

Table 4. Binary logistic regression analysis to assess the associations of major complications

p-value OR 95% CI

Lower Upper

Body mass index, kg/m2

Smoking
Neo-adjuvant therapy
Weight of transplanted flap, 100gr
Radiation
Ischemia time, < or ≥60min

0.701
0.582
0.247
0.015
0.412
0.016

0.984
1.272
0.653
1.110
0.780
1.891

0.906
0.541
0.318
1.000
0.431
1.126

1.069
2.990
1.343
1.350
1.412
3.177

Discussion

The DIEP flap has become a frequently used method for autologous free flap breast 
reconstruction. In free flap operations a period without blood supply to the flap is inevitable. 
Previous studies showed varying results when it comes to ischemia time and postoperative 
complications.10,11,13-16 Gurlek et al. showed that an ischemia time of less than three hours in 
a free flap operation for breast or head and neck reconstruction did not affect the survival 
of the flap. However, according to a study by Lee et al. an ischemia time longer than 99.5 
minutes significantly increases the risk of fat necrosis. But they do not report about other 
postoperative complications.10 The study of Marre et al. reports a higher risk of vascular 
compromise in DIEP flaps for breast reconstruction with an ischemia time longer than 2 
hours.11 In our study an increased risk of major postoperative complications was identified 
in DIEP flaps with an ischemia time ≥60 minutes. The cut-off point of 60 minutes of ischemia 
time was chosen based on the rounded up average ischemia time of the first five and last 
five DIEP-flaps (53 minutes) without any major postoperative complications. Furthermore, 
an anastomosis should usually be achievable within 60 minutes, with sufficient time to give 
a resident the opportunity to learn the procedure.
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 This study shows that a longer ischemia time in DIEP flap for breast reconstruction is 
statistically significantly associated with a higher risk of major postoperative complications 
of the recipient site. An ischemia time of ≥60 minutes increases the chance of re-exploration 
or (partial)flap loss. A short ischemia time can be achieved by ensuring that the OR-team 
is well-instructed, familiar with the procedure and that all equipment is ready before the 
ischemia time starts. A good balance has to be made between making the anastomosis by 
experienced micro-surgeons and the residents. 
 A bias of the study could be that a longer ischemia can also be caused by a more 
complicated anastomosis for several reasons. For example, a bad condition of the vessels 
may complicate the anastomosis and prolong the ischemia time. Bad condition of vessels 
themselves could also, independently of the ischemia time, increase the risk of postoperative 
flap complications. However, also in cases in which ischemia time might be a reflection 
of a difficult technical procedure, it remains a predictive indicator for the risk of major 
complications postoperatively. 
 We observed differences in flap weight between the groups based on ischemia time 
(p=0.003). This study also demonstrates that the weight of the transplanted flap showed 
a significant relation to both overall and major complications (OR 1.110; p = 0.010). 
Therefore, flap weight was corrected for in the multivariable logistic regression analysis 
when analyzing the correlation of ischemia time and postoperative complications. Flaps can 
be heavier because they are thicker or because they have a larger surface area. It might be 
worth investigating whether the risk of postoperative complications with these flaps can be 
reduced by making heavier flaps bipedicled to create a more secure blood flow. 
 As shown in table 3 a statistically significant association was found between overall 
complications and BMI (p=0.043). This corresponds with previous studies that conclude that 
there is a higher risk of complications in patients with a higher BMI.3,9 No association was 
found for major complications and BMI (p=0.701). Tissue damage in free flap operations 
can occur due to various causes. Inadequate perfusion of the flap, because of insufficient 
connection between the smaller vessels and the connected perforator is an important 
cause of tissue damage. However, tissue damage can also occur due to an ischemia time 
longer than the tissue’s ischemia tolerance. The forgoing causes irreversible damage to 
the tissue that cannot recover sufficiently after regaining sufficient blood flow through the 
anastomosis. Clinically distinguishing between the two different causes of tissue damage 
is very difficult. More often an ICG-camera is used to assess the blood flow in a flap. The 
ICG-camera can also be used in free flap operations but does not distinguish the cause of 
the reduced blood flow.17,18 It would be interesting to develop a method to investigate and 
distinguish the various causes of tissue damage. 
 The causes of tissue damage have to be studied in relation to the difference in tissue 
ischemia time. For example, it is quite conceivable that a free flap harvested from the 
gluteal area has a greater tissue ischemia tolerance compared to the DIEP flap, since the 
tissue of this area is exposed to a reduced blood flow more often due to prolonged pressure 
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on the tissue by sitting. To know whether tissue that is more often intermittently exposed 
to ischemia also has a higher tissue ischemia tolerance could be of great value for free flap 
reconstructions. 
 This study is unique due to the large number of similar types of free flap breast 
reconstructions, all performed in one hospital and by a small number of plastic surgeons all 
using the same technique. The study therefore concerns a unique population with strong 
evidence that ischemia time is important. Translating these results into clinical practice, 
strongly suggests that when the resident is making the anastomosis and it still goes very 
slowly at an ischemia time of 40 minutes it may be wise to let a staff member finish the 
anastomosis to keep the ischemia time <60 minutes. Or when intraoperatively the vessels 
seem of such a bad condition that it is expected that the anastomosis is likely to become 
very difficult it may be a good decision to use other vessels for the anastomosis to decrease 
the ischemia time of the flap and the risk of postoperative complications. 
 Heavier flaps seem to have a higher risk of postoperative complications, for those 
flaps it may be even more important to stick to an ischemia time <60 minutes. It would be 
interesting to explore if reconstruction of bigger breast by bipedicled flaps could reduce the 
risk of postoperative complications compared to reconstructions with unipedicled flaps. 

Conclusion

This study shows that it is useful to aim for an intraoperative ischemia time of less than 60 
minutes when performing a DIEP flap for reconstruction of the breast. With a longer ischemia 
time there is a greater risk of major complications at the recipient site postoperatively.
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Part I: Breast reconstruction after breast conserving surgery 

In the past, a mastectomy was the first approach to treat breast cancer. Nowadays, breast 
conserving surgery (BCS) combined with radiotherapy has become the standard local 
treatment for most women with breast cancer. The aim of BCS is complete tumour 
removal performed in a cosmetically acceptable manner.1,2 Oncoplastic BCS allows the 
removal of larger tumours with better aesthetic results compared to standard BCS and 
in various cases, a mastectomy can be avoided.3,4 
 In part I of this thesis we focused on the treatment of breast cancer with breast 
conserving surgery. Chapter 2 shows the numbers and types of complications occurring 
after oncoplastic BCS before and after adjuvant radiotherapy and the delay of adjuvant 
therapy due to the complications. It is assumed that a delay before the start of adjuvant 
radiotherapy might influence the patient’s long-term survival.5 In this retrospective 
study 150 patients were included, of whom most received oncoplastic BCS through the 
wise pattern. Complications occurred in 37.5% of patients within 1 year after oncoplastic 
BCS. This number is quite high due the fact that minor complications (e.g., slower wound 
healing) were included in this number that did not require additional treatment. The 
percentage of reoperations due to a complication was 6.6%. The patients’ age showed 
statistical significance as a risk factor for developing a postoperative complication after BCS. 
Due to a low number of major complications, it was not possible to predictors for variables 
influencing major complications. 
 Contrary to our expectations, by far most complications (79.6%) occurred before 
the start of adjuvant radiotherapy. In 8.2% of the patients, the adjuvant radiotherapy 
had to be delayed due to a complication, in 3.6% of the patients this delay was beyond 8 
weeks postoperatively. Despite several studies, it is still unclear exactly what the impact of 
delaying adjuvant radiotherapy is on the risk of recurrence and survival. Therefor delays in 
the initiation of radiotherapy should be avoided and waiting times should be as short as 
reasonably achievable.6 
 Following the retrospective study, the study team questioned whether the aesthetic 
result and mainly the patient satisfaction of the result after oncoplastic BCS were negatively 
influence by a larger surgery surface inherent tot the combination of a lumpectomy with a 
direct (partial) breast reconstruction. In addition, more details were needed on adjuvant 
radiotherapy with the combination to a more objective way of scoring postoperative 
complications. This was the basis of the TOBO study: a prospective cohort study of patient 
satisfaction and quality of life after BCS with and without oncoplastic reconstruction. The 
protocol of this study is shown in Chapter 3. It is one of the first prospective studies, that 
focuses on patient satisfaction and quality of life after oncoplastic reconstruction in BCS 
with the validated questionnaire BREAST-Q. Patients participating in the study received 
the same standard breast cancer care that they would also receive without participation 
in the study. Multidisciplinary consultation, based on national guidelines established by 
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the scientific societies, was used to determine whether or not patients were eligible for 
oncoplastic reconstruction. Patient characteristics, tumour characteristics, treatment types 
and the occurrence of postoperative complications were collected during this study. In 
addition, standardized photos of the breasts were taken at various times, finishing with a one 
year follow-up measurement. At those time points, patients were also asked to complete  
the BREAST-Q questionnaire. As randomization for BCS with or without oncoplastic 
reconstruction is considered to be not feasible from an ethical and practical point, the 
influence of possible confounding factors must be accepted. All patients included in the 
TOBO study are operated in the same hospital in the Netherlands and undergo conventional 
treatment. To set up this study, a collaboration of the teams of oncological surgeons, plastic 
surgeons, radiotherapists and breast nurses was required. For this reason, we are very 
proud that we have succeeded in setting up and conducting this study. 
 The first results of the TOBO study are shown in Chapter 4. In this chapter, patient 
satisfaction, quality of life and complications after BCS with and without reconstruction were 
described. We included 116 patients. No statistically significant difference in satisfaction 
and quality of life was found one year postoperatively, scored by the BREAST-Q.7 Also, no 
significant difference was found in complications at one year postoperatively. During the 
one-year follow-up time, overall complications were encountered in eleven (9%) of the 
breasts, with seven (12%) in the reconstruction group and four (7%) in the BCS group. All, 
but one, complications were grade I and II according to Clavien-Dindo.8 Only one major 
complication occurred in the group with an oncoplastic reconstruction. Also, in this study, 
a preference for the breast reduction technique with a wise pattern (73%) was observed. 
In the reconstruction group, the tumour size also was significantly larger than in the non-
reconstruction group (mean 20mm vs 14mm; p=<0.001) with the removal of more grams of 
breast tissue during the lumpectomy (p <0.001). Tumour stages were significantly higher in 
the reconstruction group than in the non-reconstruction group (p= 0.005). In seven patients 
(6%), the adjuvant therapy was postponed due to postoperative complications, in all seven 
cases it concerned delay of the adjuvant radiotherapy. There was no postponement of 
adjuvant chemotherapy. We experienced quite a large loss to follow-up concerning parts 
of the BREAST-Q questionnaires. Especially in the questions concerning sexual well-being. 
Since the alternative of BCS with reconstruction usually is a mastectomy, it is also important 
to compare the postoperative satisfaction of patients undergoing BCS with reconstruction to 
the postoperative satisfaction of patients undergoing a mastectomy with reconstruction. The 
patients receiving oncoplastic reconstruction were more satisfied one year postoperatively 
compared to patients receiving breast implant reconstruction or autologous reconstruction 
after mastectomy, as shown in the studies of Duraes et al., Cereijo-Garea et al. and Sugrue 
et al.40-42 This underlines the importance of discussing the option for oncoplastic breast 
reconstruction versus a mastectomy with (immediate) reconstruction when making a 
treatment plan for breast cancer patients. 
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Part II: Implant-based breast reconstruction using matrices 

Direct implant-based breast reconstruction after a mastectomy can be performed by a two-
stage procedure or a single-stage procedure. In both cases, acellular matrices (AM) can 
be used, but this is not yet standard in the Netherlands.9-11 The application of matrices in 
breast reconstruction is increasingly popular internationally. Some studies report the use of 
an AM in the USA in more than 60% of all alloplastic reconstructions.12 Chapter 5 examines 
the postoperative complications within one year associated with the use of two specific 
matrices that were used at that time in the Netherlands to perform single-stage implant-
based breast reconstruction. A single-stage implant-based breast reconstruction (SSBR) 
with the use of Strattice™ or Meso Biomatrix® was compared to a two-stage implant-based 
breast reconstruction (TSBR) without the use of a mesh. A significantly higher amount of 
complications was found in the SSBR group with loss of the implant in 40.0% of the breasts 
from the Meso BioMatrix®-group and in 10.7% of the Strattice™-group compared to no 
implant loss in the TSBR group without the use of a mesh. These higher complication rates 
could not be attributed to basic patient demographics.  Surprisingly, in our study complications 
that required explantation in both mesh groups occurred rather late: in the Strattice™-group a 
median of 69 days (25-349 days) and in the Meso BioMatrix®-group a median of 54 days (10-
187 days). This is similar to the findings of another study also reported the late occurrence of 
complications using a variety of AM’s in breast reconstructive procedures with a median time 
until loss of implant of 73 days with a range of 9-895 days. These results emphasize the need 
for a long follow-up when meshes are applied in practice. An (inter)national implant registry for 
post-market surveillance is of great importance to monitor safety of such additional devices. 
 Since 2015 the Dutch Breast Implant Registry (DBIR) started to collect information on 
all patients undergoing breast implant surgery in the Netherlands.13 For our research in  
Chapter 6, we used the data of the DBIR to try to develop a prognostic prediction model 
for the risk of major postoperative complications in breast reconstructive surgery with and 
without the use of an acellular dermal matrix (ADM). We defined a major postoperative 
complication as any complication leading to revision surgery in the first twelve months 
after surgery. For this study, we included 2939 breasts of 2281 patients. The majority of 
reconstructions were not ADM-assisted. We did not find ADM use to be associated with 
major postoperative complications and surprisingly, the data suggest that two-stage 
reconstructions were strongly associated with an increased risk of major complications. This 
is in contrast to previous findings of recent studies conducted in the Netherlands,14,15 but 
in line with studies conducted elsewhere.16-20 A possible explanation could be that in the 
Netherlands ADMs are only used by believers and thus experienced users in comparison to 
previous years (before 2015) in which ADMs might have been used more often by a larger 
volume of surgeons. It might also be the impact of a large multicentre RCT using Strattice®, 
with more complications in the ADMs group15; resulting in quite some surgeons who 
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stopped using ADMs. In addition, ADM provide considerably higher costs while the prices 
for the surgeries paid remained more or less the same independent of the use of an ADM. 
 Still, these data suggest that single-stage direct procedures have fewer complications 
and ADMs might not be needed for these single-stage procedures. Future studies should 
thereby focus on the safety and aetiology of SSBR in comparison to TSBR with and without 
the use of different kinds of ADMs. In the Netherlands, there is no clear guideline on when 
to opt for a two-or one phased reconstruction with or without the use of an ADM. Through 
this study, we hope to introduce a different view on the use of ADMs and SSBR. 
 In terms of future clinical research, this raises the question whether the traditional 
TSBR, which is considered to be the golden standard in the Netherlands, is truly the golden 
standard (with and also without ADM use).

Part III Autologous breast reconstruction with a free flap

As an alternative to implant-based reconstruction, reconstruction with autologous tissue can 
be performed. The deep inferior epigastric artery perforator (DIEP) flap is one of the most 
used free flaps for the reconstruction of the breast after a mastectomy.21 Despite careful 
selection of the patients and preoperative imaging, difficulties in vascularization of the flap 
can occur in some cases. Although multiple vascular connections (bipedicled, turbocharged, 
or stacked) can be made in selected cases, there can still be venous congestion before the flap 
is transferred.22,23 and various techniques are described to deal with this problem. Chapter 7  
describes four cases in which the delay procedure was applied to save the flap in case of 
venous congestion between 2016 and 2018. These four patients had a venous problem of 
blood circulation in the flap intraoperatively after the desired perforants had been prepared 
until under the fascia. The flaps were left to rest to decide on their venous status. Without 
improvement after this period of 20 to 30 minutes, the surgeons decided to withhold the 
translocation of the flap to the chest wall and sutured the flap back into the donor side. The 
final anastomosis of the DIEP flap occurred on average 8 days after the prefabrication. The 
translocation of the DIEP flap to the chest in this second operation went uncomplicated in all 
cases. Postoperatively, all patients had adequate arterial inflow and venous outflow of the flap. 
There were no postoperative complications. Thus, in case a DIEP flap shows venous problems 
before transfer, the choice can be made to connect an extra vein to improve the drainage, but 
if this is not desirable or does not provide sufficient results, the delayed procedure should 
certainly be considered. In this way, the vascularization of the flap can be improved, and the 
translocation of the DIEP flap in a second operation can be successfully performed. 
 Next to venous problems in the DIEP flap, arterial problems are also known. Each free 
flap undergoes a period of ischemia time during surgery, from which the flap must recover 
postoperatively. In Chapter 8 we investigated whether there is an association between longer 
ischemia time and postoperative complications. We analyzed 677 breast reconstructions 
with a DIEP flap and divided those into two groups: flaps with an ischemia time of less 
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than 60 minutes and those with an ischemia time of 60 minutes or more. Recipient site 
complications, in particular major complications equal to re-exploration, partial or total 
flap loss were the primary outcome measures. A significant association was found between 
ischemia time and major complications on univariate (p-value= 0.003) and multivariate 
analyses (p-value= 0.016). This study demonstrates that an ischemia time less than 60 
minutes is associated with a significantly lower risk of major recipient site complications 
compared to an ischemia time of 60 minutes or more.
 In the centers where the study was conducted, the aim is to keep the ischemia 
time as short as possible. The flap is therefore always shaped and modelled only after 
the anastomosis has been made. Of course, creating the anastomosis could take longer 
due to (partially) performing by the residents. Longer ischemia can also be caused by a 
more complicated anastomosis for several reasons. For example, a bad condition of the 
vessels may complicate the anastomosis and prolong the ischemia time. Bad condition of 
vessels themselves could also, independently of the ischemia time, increase the risk of 
postoperative flap complications. However, also in cases in which ischemia time might be 
a reflection of a difficult technical procedure, it remains a predictive indicator for the risk 
of major complications postoperatively. A statistically significant association was also found 
between overall complications and BMI (p=0.043). This corresponds with previous studies 
that conclude that there is a higher risk of complications in patients with a higher BMI.24,25 
No association was found in this study between major complications and BMI (p=0.701). 
 Tissue damage in free flap operations can occur due to various causes. Inadequate 
perfusion of the flap, because of insufficient connection between the smaller vessels and the 
connected perforator is an important cause of tissue damage. However, tissue damage can also 
occur due to an ischemia time longer than the tissue’s ischemia tolerance. The forgoing causes 
irreversible damage to the tissue that cannot recover sufficiently after regaining sufficient 
blood flow through the anastomosis. Clinically distinguishing between the two different 
causes of tissue damage is very difficult. Often an ICG-camera is used to assess the blood flow 
in a flap. The ICG-camera can also be used in free flap operations but does not distinguish the 
cause of the reduced blood flow.26,27 It would be interesting to develop a method to investigate 
and distinguish the various causes of tissue damage. It would be good to use a register to see 
which factors are actually important according to survival of the flap. International exchange 
of data with openness of results, surgeon’s experience and preference would be needed to see 
which factors contribute to the best outcome for the patient.
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Deel I Borstreconstructie na een borstsparende operatie 

In het verleden was een borstamputatie de standaardbehandeling voor borstkanker. 
Tegenwoordig is borstsparende chirurgie (BSC) in combinatie met radiotherapie de 
standaardbehandeling geworden voor de meeste vrouwen met borstkanker. Het doel 
van BSC is volledige tumorverwijdering, met een cosmetisch acceptabel resultaat.1,2 
Door oncoplastische BSC kunnen grotere tumoren verwijderd worden met mogelijk 
betere esthetische resultaten in vergelijking met BSC zonder reconstructie, waardoor een 
borstamputatie vaak kan worden vermeden.3, 4 
 In deel I van dit proefschrift hebben we ons gericht op de behandeling van borstkanker 
met borstsparende chirurgie. Hoofdstuk 2 toont de aantallen en soorten complicaties die 
optreden na oncoplastische BSC voor en na adjuvante radiotherapie, en het uitstel van 
adjuvante therapie als gevolg van deze complicaties. Aangenomen wordt dat uitstel van 
adjuvante radiotherapie de overleving van de patiënt op lange termijn negatief zou kunnen 
beïnvloeden.5 In deze retrospectieve studie werden 150 patiënten geïncludeerd, van wie de 
meeste oncoplastische BSC kregen via het reductiepatroon. Complicaties traden op bij 37,5% 
van de patiënten binnen 1 jaar na oncoplastische BSC. Dit percentage is vrij hoog doordat 
ook kleine complicaties (bijv. tragere wondgenezing) waar geen aanvullende behandelingen 
voor nodig was, ook als complicaties werden genoteerd. Het percentage heroperaties als 
gevolg van een complicatie bedroeg 6,6%. 
 In tegenstelling tot wat wij verwachtten, traden verreweg de meeste complicaties 
(79,6%) op vóór de start van adjuvante radiotherapie. Bij 8,2% van de patiënten moest 
de adjuvante radiotherapie worden uitgesteld vanwege een complicatie. Bij 3,6% van de 
patiënten moest de adjuvante radiotherapie tot meer dan 8 weken postoperatief worden 
uitgesteld. Ondanks verschillende onderzoeken is het nog steeds onduidelijk wat precies 
de impact van het uitstellen van adjuvante radiotherapie is op het risico op recidief en 
overleving. Daarom moet uitstel bij het starten van de radiotherapie worden vermeden en 
moeten de wachttijden zo kort zijn als redelijkerwijs mogelijk is.6

 Na de retrospectieve studie vroegen we ons af hoe het esthetische resultaat was na 
oncoplastische BSC, en vooral de patiënttevredenheid over de esthetiek. Daarnaast was 
er meer informatie nodig over de adjuvante radiotherapie na oncoplastische BSC en was 
er behoefte aan objectievere gegevens over postoperatieve complicaties. Dit was de basis 
van de TOBO-studie: een prospectieve cohortstudie naar patiënttevredenheid en kwaliteit 
van leven na BSC met en zonder oncoplastische reconstructie. Het protocol van deze studie 
wordt beschreven in Hoofdstuk 3. Het is een van de eerdere prospectieve studies die 
zich richt op patiënttevredenheid en kwaliteit van leven na oncoplastische reconstructie 
in BCS met de gevalideerde vragenlijst BREAST-Q. Patiënten die deelnamen aan de studie 
kregen dezelfde standaard borstkankerzorg die ze ook zouden krijgen zonder deelname 
aan de studie. Multidisciplinair overleg, gebaseerd op nationale richtlijnen, opgesteld 
door de wetenschappelijke verenigingen, werd gebruikt om te bepalen of patiënten al dan 
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niet in aanmerking kwamen voor oncoplastische reconstructie. Tijdens dit onderzoek zijn 
patiëntkenmerken, tumorkenmerken, behandeltypes en het optreden van postoperatieve 
complicaties verzameld. Daarnaast werden op verschillende momenten gestandaardiseerde 
foto’s van de borsten gemaakt, afgesloten met een follow-upmeting na een jaar. Op 
verschillende tijdstippen werden de patiënten ook gevraagd om de BREAST-Q-vragenlijst 
in te vullen. Aangezien randomisatie voor BSC met of zonder oncoplastische reconstructie 
vanuit ethisch en praktisch oogpunt niet haalbaar werd geacht, werd rekening gehouden met 
en gecorrigeerd voor mogelijke confounders. Voor het opzetten van dit onderzoek was een 
samenwerking nodig tussen oncologisch chirurgen, plastisch chirurgen, radiotherapeuten 
en borstverpleegkundigen. We zijn dan ook erg trots dat we erin geslaagd zijn dit onderzoek 
op te zetten en uit te voeren.
 De eerste resultaten van de TOBO-studie zijn weergegeven in Hoofdstuk 4. In dit 
hoofdstuk worden patiënttevredenheid, kwaliteit van leven en complicaties na BSC met en 
zonder reconstructie beschreven. We includeerden 116 patiënten. Eén jaar postoperatief 
werd geen statistisch significant verschil in tevredenheid en kwaliteit van leven gevonden, 
gescoord met de BREAST-Q.7 Ook werd er geen significant verschil gevonden in complicaties 
één jaar postoperatief. Tijdens de follow-up van één jaar traden in elf (9%) van de borsten 
complicaties op, waarvan zeven (12%) in de reconstructiegroep en vier (7%) in de BCS-
groep. Op één na waren alle complicaties graad I en II volgens Clavien-Dindo.8 Slechts één 
majeure complicatie trad op in de groep met een oncoplastische reconstructie. Ook in deze 
studie werd de borstverkleiningstechniek met een reductiepatroon het vaakst uitgevoerd 
(73%). In de reconstructiegroep was de tumorgrootte significant groter dan in de niet-
reconstructiegroep (gemiddeld 20 mm vs 14 mm; p=<0,001) en werd er ook een groter 
volume borstweefsel verwijderd tijdens de lumpectomie (p<0,001). Tumorstadia waren 
significant hoger in de reconstructiegroep dan in de niet-reconstructiegroep (p=0,005). 
Bij zeven patiënten (6%), werd de adjuvante therapie uitgesteld vanwege postoperatieve 
complicaties, in alle zeven gevallen ging het om uitstel van de adjuvante radiotherapie. Er 
was geen uitstel van adjuvante chemotherapie. Er ontbrak helaas een vrij groot deel van 
de follow-up met betrekking tot delen van de BREAST-Q-vragenlijsten. Vooral in de vragen 
over seksueel welzijn. Aangezien het alternatief van BSC met reconstructie meestal een 
borstamputatie is, is het ook belangrijk om de postoperatieve tevredenheid van patiënten 
die BSC met reconstructie ondergaan te vergelijken met de postoperatieve tevredenheid 
van patiënten die een borstamputatie met reconstructie ondergaan. De patiënten die een 
oncoplastische reconstructie kregen, waren een jaar postoperatief meer tevreden dan de 
patiënten die een borstimplantaatreconstructie of autologe reconstructie na borstamputatie 
kregen, zoals blijkt uit de onderzoeken van Duraes et al., Cereijo-Garea et al. en Sugrue et 
al. (40-42) Dit onderstreept het belang van het bespreken van de optie tot oncoplastische 
borstreconstructie versus borstamputatie met (directe) reconstructie bij het maken van een 
behandelplan voor borstkankerpatiënten.
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Deel II Borstreconstructie middels protheses en met behulp van matrices

In deel II richten we ons op borstreconstructies middels protheses met behulp van een 
matrix nadat er een borstamputatie heeft plaatsgevonden. Directe borstreconstructie 
op basis van borstprotheses na een borstamputatie kan worden uitgevoerd door middel 
van een procedure in twee fasen (TSBR) of een procedure in één fase (SSBR). In beide 
gevallen kunnen acellulaire matrices (AM) worden gebruikt, maar dit is in Nederland nog 
niet standaard.9-11 Het toepassen van matrices bij borstreconstructies wordt internationaal 
steeds populairder. Sommige studies rapporteren het gebruik van een AM in de VS bij meer 
dan 60% van alle alloplastische reconstructies.12 Hoofdstuk 5 onderzoekt de postoperatieve 
complicaties binnen één jaar postoperatief, die samenhangen met het gebruik van twee 
specifieke matrices die destijds in Nederland werden gebruikt bij het uitvoeren van een 
één-fase borstreconstructie middels een borstprothese. Een één-fase borstreconstructie 
met een borstprothese (SSBR) en het gebruik van de matrices Strattice™ of Meso Biomatrix® 
werd vergeleken met een twee-fase borstreconstructie middels een borstprothese (TSBR) 
zonder het gebruik van een matrix.
 Een significant hoger aantal complicaties werd gevonden in de SSBR-groep, met 
verlies van het implantaat in 40,0% van de borsten van de Meso BioMatrix®-groep en in 
10,7% van de Strattice™-groep vergeleken met geen implantaatverlies in de TSBR-groep 
zonder het gebruik van een matrix. Dit hoger percentage complicaties konden niet worden 
toegeschreven aan de demografische patiënt kenmerken. Verrassend genoeg traden in onze 
studie complicaties die explantatie van de prothese vereisten in beide matrix-groepen vrij 
laat op: in de Strattice™-groep vonden we een mediaan van 69 dagen (25-349 dagen) en in 
de Meso BioMatrix®-groep een mediaan van 54 dagen (10- 187 dagen). Dit is vergelijkbaar 
met de bevindingen van een andere studie die ook het late optreden van complicaties 
meldde bij het gebruik van verschillende AM’s bij borstreconstructie procedures met een 
mediane tijd tot verlies van implantaat van 73 dagen (range 9-895) dagen. Deze resultaten 
benadrukken de noodzaak van een lange follow-up wanneer matrices in de praktijk worden 
toegepast. Een (inter)nationaal implantaatregister voor post-market surveillance is van 
groot belang om de veiligheid van dergelijke aanvullende hulpmiddelen te bewaken.
 Sinds 2015 is de Dutch Breast Implant Registry (DBIR) begonnen met het verzamelen 
van informatie over alle patiënten bij wie operatief een borstprothese geplaatst, verwijderd 
of gereviseerd wordt in Nederland.13 Voor ons onderzoek in Hoofdstuk 6 hebben we de 
gegevens van de DBIR gebruikt om te proberen een prognostisch model te ontwikkelen 
voor het risico op ernstige postoperatieve complicaties bij reconstructieve borstchirurgie 
met en zonder het gebruik van een acellulaire dermale matrix (ADM). We definieerden een 
belangrijke postoperatieve complicatie als elke complicatie die leidt tot revisiechirurgie 
in de eerste twaalf maanden na de operatie. Voor deze studie hebben we 2939 borsten 
van 2281 patiënten geïncludeerd. De meeste reconstructies waren niet ADM-geassisteerd. 
We vonden dat het gebruik van ADM niet geassocieerd is met ernstige postoperatieve 
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complicaties en verrassend genoeg suggereren de gegevens dat twee-fasen reconstructies 
sterk geassocieerd zijn met een verhoogd risico op ernstige complicaties. Dit in tegenstelling 
tot eerdere bevindingen van recente onderzoeken in Nederland (14, 15), maar in lijn met 
onderzoeken die elders zijn uitgevoerd. (16-20) Een mogelijke verklaring zou kunnen zijn dat 
in Nederland ADM’s alleen gebruikt wordt door chirurgen die hierin een groot vertrouwen 
hebben, waarmee deze dus alleen door ervaren gebruikers worden geplaatst in vergelijking 
met voorgaande jaren (vóór 2015) waarin ADM’s vaker door een groter aantal chirurgen 
zouden zijn gebruikt. Het kan ook door de impact zijn van een grote multicenter RCT met 
Strattice®, welke meer complicaties in de ADM-groep toonde (15); wat erin resulteerde dat 
heel wat Nederlandse chirurgen stopten met het gebruik van ADM’s. Bovendien zorgt een 
ADM voor aanzienlijk hogere kosten, terwijl de vergoedingen voor operaties min of meer 
hetzelfde bleven, onafhankelijk van het gebruik van een ADM.
 Toch suggereren deze gegevens dat één-fase reconstructies minder complicaties 
veroorzaken en dat ADM’s mogelijk niet nodig zijn voor deze één-fase procedures. 
Toekomstige studies zouden zich daarom moeten richten op de veiligheid en etiologie van 
SSBR in vergelijking met TSBR met en zonder het gebruik van verschillende soorten ADM’s. 
In Nederland is er geen duidelijke richtlijn wanneer men de keuze dient te maken voor een 
één-fase of twee-fase reconstructie met of zonder gebruik van een ADM. Met dit onderzoek 
hopen we een andere kijk op het gebruik van ADM’s en SSBR te introduceren.

Deel III Autologe borstreconstructie met een vrije lap

In deel III van dit proefschrift richten we ons op de borstreconstructie middels een vrije 
lap. Als alternatief voor een reconstructie middels borstprothese kan een reconstructie 
na een borstamputatie ook met autoloog weefsel worden uitgevoerd. De deep inferior 
epigastric artery perforator (DIEP) lap is een van de meest gebruikte vrije flappen voor de 
reconstructie van de borst na een borstamputatie. (21) Ondanks zorgvuldige selectie van 
de patiënten en preoperatieve beeldvorming, kunnen in sommige gevallen problemen bij 
de vascularisatie van de lap optreden. Hoewel in bepaalde gevallen meerdere vasculaire 
verbindingen (bipedicled, turbocharged of stacked) kunnen worden gemaakt, kan er nog 
steeds veneuze stuwing zijn voordat de vrije lap naar de borstwand wordt getransplanteerd. 
(22, 23) Er worden verschillende technieken beschreven om dit probleem aan te pakken. 
Hoofdstuk 7 beschrijft vier casussen waarin tussen 2016 en 2018 een procedure van 
uitstel is toegepast om de lap te redden bij veneuze stuwing. Deze vier patiënten hadden 
peroperatief na het vrijprepareren van de gewenste perforanten tot onder de fascie, een 
probleem in de veneuze bloedcirculatie. De lappen werden een korte tijd met rust gelaten. 
Zonder verbetering in de veneuze status na deze periode van 20 tot 30 minuten, besloten de 
chirurgen de transplantatie van de lap naar de borstwand uit te stellen en de lap eerst terug 
op de donorplaats te hechten. De definitieve anastomose van de DIEP-lap vond gemiddeld 
8 dagen na de eerste operatie plaats. De transplantatie van de DIEP-lap naar de borstwand 
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bij deze tweede operatie verliep in alle gevallen ongecompliceerd. Postoperatief hadden 
alle patiënten voldoende arteriële instroom en veneuze uitstroom van de lap. Er waren 
geen postoperatieve complicaties. Dus, in het geval dat er peroperatief, voorafgaand aan de 
transplantatie, een veneus probleem wordt geconstateerd in de DIEP-lap, kan ervoor worden 
gekozen om een extra vene aan te sluiten om de afvloed te verbeteren, maar indien dit 
niet wenselijk is of onvoldoende effectief blijkt, zou uitstel van transplantatie zeker moeten 
worden overwogen. Op deze manier kan de vascularisatie van de lap verbeteren en kan de 
transplantatie van de DIEP-lap in een tweede operatie met succes worden uitgevoerd.
 Naast veneuze problemen in de DIEP-lap zijn ook arteriële problemen bekend. Elke vrije 
lap ondergaat een periode van ischemietijd tijdens de operatie, waarvan de lap postoperatief 
moet herstellen. In Hoofdstuk 8 hebben we onderzocht of er een verband is tussen langere 
ischemietijd en postoperatieve complicaties. We analyseerden 677 borstreconstructies 
met een DIEP-lap en verdeelden die in twee groepen: lappen met een ischemietijd van 
minder dan 60 minuten en die met een ischemietijd van 60 minuten of meer. Complicaties 
betreffende de borstzijde, in het bijzonder ernstige complicaties zoals re-operatie of 
gedeeltelijk of volledig verlies van de lap waren de primaire uitkomstmaten. Er werd een 
significant verband gevonden tussen ischemietijd en ernstige complicaties (bij univariate 
(p-waarde = 0,003) en multivariate analyses (p-waarde = 0,016)). Deze studie toont aan 
dat een ischemietijd van minder dan 60 minuten geassocieerd is met een significant lager 
risico op ernstige complicaties aan de borstzijde in vergelijking met een ischemietijd van 60 
minuten of meer.
 In de centra waar het onderzoek is uitgevoerd, wordt ernaar gestreefd de ischemietijd zo 
kort mogelijk te houden. De lap wordt daarom altijd pas gevormd en gemodelleerd nadat de 
anastomose is gemaakt. Uiteraard kan het maken van de anastomose langer duren door het 
(deels) uitvoeren van de anastomose door opleidingsassistenten. Maar langere ischemietijd 
kan om verschillende redenen ook worden veroorzaakt door een gecompliceerdere 
anastomose. Een slechte conditie van de bloedvaten kan bijvoorbeeld de anastomose 
bemoeilijken en de ischemietijd verlengen. Een slechte conditie van de bloedvaten zelf zou 
ook, onafhankelijk van de ischemietijd, het risico op postoperatieve complicaties van de 
lap kunnen vergroten. Echter, ook in gevallen waarin ischemietijd een weerspiegeling kan 
zijn van een moeilijke technische procedure, blijft het een voorspellende indicator voor 
het risico op ernstige complicaties postoperatief. Tevens werd er een statistisch significant 
verband gevonden tussen algemene complicaties en BMI (p=0,043). Dit komt overeen met 
eerdere onderzoeken die concluderen dat er een hoger risico op complicaties is bij patiënten 
met een hogere BMI. (24, 25) In deze studie werd geen verband gevonden tussen majeure 
complicaties en BMI (p=0,701).
 Weefselbeschadiging bij vrijelap operaties kan verschillende oorzaken hebben. 
Onvoldoende doorbloeding van de lap, door onvoldoende verbinding tussen de kleinere 
vaten en de aangesloten perforator, is een belangrijke oorzaak van weefselbeschadiging. 
Weefselbeschadiging kan echter ook optreden als gevolg van een ischemietijd die langer 



Ch
ap

te
r 1

0

154

is dan de ischemietolerantie van het weefsel. Het voorgaande veroorzaakt onomkeerbare 
schade aan het weefsel dat niet voldoende kan herstellen na het herstellen van voldoende 
bloedstroom door de anastomose. Klinisch onderscheid maken tussen de twee verschillende 
oorzaken van weefselbeschadiging is erg moeilijk. Steeds vaker wordt een ICG-camera 
gebruikt om de bloedstroom in een lap te beoordelen. De ICG-camera kan ook worden 
gebruikt bij vrijelap operaties, maar maakt geen onderscheid in oorzaken van verminderde 
bloedstroom. (26, 27) Het zou interessant zijn om een   methode te ontwikkelen om de 
verschillende oorzaken van weefselbeschadiging te onderzoeken en te onderscheiden. Het 
zou goed zijn om een   registratie te gebruiken om te zien welke factoren werkelijk van belang 
zijn voor het overleven   van de lap. Internationale uitwisseling van gegevens met openheid 
van resultaten, de ervaring en voorkeur van de chirurg is nodig om te zien welke factoren 
bijdragen aan het beste resultaat voor de patiënt.
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There is a one out of eight chance to develop breast cancer during a females’ lifetime.1 The 
majority of this group will undergo breast surgery, often with major consequences for the 
appearance of the breast. Fortunately, breast reconstruction offers a way to restore the 
shape of the breast to a large extent. Depending on numerous factors, different kind of 
breast reconstructions may be possible. It is important to discuss these options with the 
patient, also the perioperative and postoperative risks should be discussed, as well as the 
expected cosmetic result. This thesis intended to increase the information for patients and 
surgeons regarding problems faced during various types of reconstruction types. 
 Contrary to expectations, there are major differences internationally in the application 
of breast conservation surgery. For example, there is a disagreement when a patient is 
eligible for breast conserving surgery (BCS) and oncoplastic reconstruction and by whom 
this reconstruction is performed. Some surgeons fear that removing larger tumors and 
having oncoplastic reconstruction increases the risk of complications. In this thesis we 
show that this should not be the reason to withhold patients from the option of BCS 
(with reconstruction). We show that both breast conserving surgery with and without 
reconstruction is safe when it comes to postoperative complications. Besides, the quality of 
life is not affected by larger surgery. It should be remembered that, when a good aesthetic 
result is desired, the alternative to breast reconstruction after a breast-conserving operation 
is a mastectomy, and not a breast-conserving operation without reconstruction. In the 
majority of patients, a very good aesthetic results are obtained from BCS with oncoplastic 
surgery. A total reconstruction after mastectomy entails more complications and does not 
always bring the desired results in every patient, with other types of downsides for patients: 
both with implant use with revision on the long term and considerable donor site morbidity 
with autologous reconstruction. 
 This thesis emphasizes the importance of discussing the option of breast conserving 
surgery (with reconstruction) during the preoperative multidisciplinary consultation where 
treatment options are discussed and the preoperative patient consultation. Oncoplastic 
reconstruction after BCS requires 
 good cooperation between different disciplines for the best result. It can be a challenge 
in terms of planning the surgery schedule, but especially the cooperation between the 
oncological surgeon and plastic surgeon is of great importance. Establishing the indication 
for an oncoplastic procedure, preoperatively marking the breast together and discussing 
the incision through which the tumour will be removed ensure the best esthetic result 
postoperatively. Experience plays a big role in the way we make these decisions. Also, when 
the tumor is removed by the oncologic surgeon, without reconstructions, the aesthetic 
result depends on the surgeon’s experience and eye for aesthetics. For example, it is nicer 
if a tumor located a few centimeters from the inframammary fold (IMF) is removed through 
an incision in the IMF instead of directly above the tumor. The same goes for tumors that 
are removed through an incision in the areolar rim. The hospital where our research was 
conducted specializes in breast cancer care, with close collaboration between different 
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specialists in the care of breast cancer patients. We would like to see that this research 
stimulates other centers to strengthen the collaboration between different specialists 
involved in breast cancer care.
 Innovations in the field of surgery are key to improve patient outcomes. Still; patient 
safety should never be at risk. In recent years, much has changed in the techniques of 
reconstruction using an implant. In the past, a reconstruction was always two-stage, 
while now a one-stage reconstruction is increasingly used. Nowadays, a choice can also 
be made whether or not to use an ADM with options of various ADMs. In the field of 
implant-based reconstructions, there are many factors that influence the success or failure 
of a reconstruction. More insight into these factors gives the patient and the surgeon the 
option to make a more informed choice for the technique of reconstruction. It is still not 
entirely clear which choice is the best and what the influence of the different choices are 
on the outcome for the patient. Implant registries are expected to provide sufficiently well-
founded information about the advantages and disadvantages of different types of implant-
based reconstruction techniques in the near future. This thesis underlines the importance 
to thoroughly research new features of surgeries before they are applied in practice. It also 
underlines the importance that the literature with especially an enormous use of ADM in 
breast implant surgeries are not applied in the Netherlands. Still, this thesis shows that the 
gold standard two-stage reconstructions seem to have a strong association with a major 
postoperative complication compared with direct single-stage reconstructions without 
ADM. This type of evidence should be guiding the discussion instead of what the surgeon is 
used to do.
 Breast reconstruction with autologous tissue after a mastectomy is technically 
demanding and fortunately still widely used in the Netherlands. The demand for autologous 
reconstructions is increasing as concerns about the safety of implants become more 
frequent in the news. The technique has been clearly progressive in the Netherlands since 
the early 1990s. And as a result, the technology is becoming more and more sophisticated. 
Nevertheless, despite these refinements, there are still (inter)national differences in 
techniques and handling problems. 
 One of the key variables is ischemia time in the Netherlands. Although we are aware 
that in other countries this is not regarded as important. This makes for example logistics 
are different in the same procedure internationally. For example, in the UK surgeons are 
used to shape the flap during the ischemia time. They state to see no influence between 
longer ischemia time and complications in their cases. In the Netherlands we tend to 
keep the ischemia time as short as possible. Shaping the flap is commonly done after the 
revascularization of the flap. This thesis seems to underline that ischemia time influences 
the risk of postoperative complications. Still, it can be the case that there is a threshold 
when ischemia time is too much to handle for the flap. It would be good to use a register 
to see which factors are actually important. International exchange of data with openness 
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of results, surgeon’s experience and preference would be needed to see which factors 
contribute to the best outcome for the patient. 
 Another difference is what happens if the flap is not properly vascularized? A problem 
that might always occur before a free flap is transferred. And how to deal with this problem? 
A delay procedure is an option to save the flap and is applied (inter)nationally in different 
ways. How far do you loosen all tissue if you know that the vasculature is problematic? How 
long does it take between the primary delay and going back? And how often does it go 
well? Books don’t answer all these questions. As it is a procedure that is seldomly needed, 
this thesis has shares experiences with these technical details to increase our knowledge 
worldwide. 
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Anything is possible when you have the right people there to support you 
– Misty Copeland 

Om dit proefschrift tot stand te brengen heb ik veel steun en hulp gekregen van mensen om 
mij heen, in dit hoofdstuk wil ik hen graag bedanken voor hun toewijding en support. 

Allereerst wil ik echter vooral de patiënten bedanken die akkoord gingen met het gebruik 
van hun data om dit proefschrift te bewerkstelligen. Zonder jullie hadden deze studies niet 
tot stand kunnen komen. Bedankt voor jullie onzelfbaadzuchtige deelname en bedankt dat 
jullie je inzetten voor het verbeteren van de reeds bestaande zorg. 

Professor dr. van der Hulst, Beste René, Bedankt voor de kansen die je me hebt gegeven 
om te komen tot waar ik nu ben. Ooit begon ik als WESP-student bij de plastische chirurgie 
in het MUMC om vervolgens mijn keuze co-schap in het Zuyderland te komen doen. Ook al 
was de concurrentie toen al moordend, gaf je me ondanks mijn niet bepaald imponerend 
plastisch CV een kans om als ANIOS in het Zuyderland aan de slag te gaan in jullie team. 
“Maak het waar” zei je toen je me belde dat ik de plek had gekregen. Toen je me in 2019 
vertelde dat ik de volgende AIOS plek plastische chirurgie in the pocket had, had ik tranen 
van geluk. Had ik het dan toch waar gemaakt?!  Ik beloofde je nog te zullen promoveren 
en nu is het dan eindelijk zover. Ik heb enorm veel waardering voor hoe je als opleider zo 
toegankelijk en vrolijk bent, terwijl je daarnaast internationaal en nationaal alle ballen weet 
hoog te houden op wetenschappelijk, klinisch, organisatorisch maar ook op sportief gebied. 
En bij al je enorme prestaties ben je toch zo lekker gewoon gebleven: ik loop niet voor 
niets vaak trots aan mijn vrienden te verkondigen dat mijn opleider, de professor, gekleurde 
schoenen draagt en z’n lego broodtrommel meeneemt naar OK. 

Dr. Hommes, Beste Juliette, Wat heb ik ontzettend veel steun aan jou gehad! Hoewel ik in 
mijn laatste jaar van geneeskunde had bedacht plastisch chirurg te willen worden, had ik 
geen idee wat hier allemaal bij kwam kijken. Jij hebt me wegwijs gemaakt in het reilen en 
zeilen binnen de plastische chirurgie en het doen van onderzoek.  Dankzij jouw kritische 
wetenschappelijke blik heb ik veel geleerd en veel aan mijn proefschrift kunnen verbeteren. 
Daarnaast zorgt jouw enthousiasme voor onderzoek er altijd voor dat ik de draad weer weet 
op te pakken als ik het even niet meer zie zitten. Maar misschien nog wel je mooiste les was 
dat ik gewoon lekker mezelf moest blijven, ook als ik af en toe het gevoel had niet aan alle 
verwachtingen van een plastisch chirurg te kunnen voldoen.  Voor mij ben je heel speciaal 
en waardevol geweest gedurende mijn hele promotie-traject. Ik ben dan ook zeer vereerd 
en blij dat je één van mij copromotoren bent.  
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Dr. Vissers, Beste Yvonne,  Ontzettend leuk en een hele eer om jou als copromotor in mijn 
team te hebben. Je hebt me enorm gesteund bij het opzetten van de TOBO studie en had 
veel geduld met me als ik even vast liep hierin. Ook tijdens het schrijven van mijn proefschrift 
was je altijd bereid mee te denken en te helpen en waar nodig het e.e.a. te voorzien van een 
kritische blik.  Des te leuker was het om tijdens mijn vooropleiding bij de chirurgie ook echt 
samen te mogen werken op chirurgisch vlak. Voor mij ben je een vrouw die zowel operatief, 
als wetenschappelijk op hoog niveau presteert en daarnaast ontzettend toegankelijk blijft 
voor anderen. Ik hoop dan ook in de toekomst nog vaker met je samen te mogen werken. 

Beste professor dr. M. L. Smidt, professor dr. M.A.M. Mureau, dr. D.I. Booi en  
dr. J. van Bastelaar. Hartelijk dank voor de tijd die u genomen heeft om in mijn 
beoordelingscommissie deel te nemen en u in mijn proefschrift te verdiepen. 

Drs. Meesters-Caberg, Beste Marleen, lieve paranimf, Fantastisch dat jij en mijn moeder 
samen mijn paranimfen zijn. Jij was (en bent) toch een beetje mijn surrogaat moeder die 
altijd voor me klaar stond in de tijden dat mijn moeder in het buitenland woonde. Ooit 
begon ik als verlegen keuze co-assistent bij jou in het Zuyderland, waar het ons even tijd 
koste om aan elkaar te wennen. Ik vond jou nog al imponerend en jij mij wat stil en op de 
achtergrond. Gelukkig duurde dit niet lang en groeide onze samenwerking snel uit tot iets 
speciaals.  We hebben veel ups en downs samen gedeeld, waarvan beide meestal gepaard 
ging met de nodige wijntjes en baco’s.  En hoewel je me er altijd aan herinnert dat er zoveel 
belangrijkere dingen zijn in het leven dan onderzoek, was je wel altijd net zo gefrustreerd 
als ik als er iets niet lukte en vierde je mijn successen bijna uitgebreider dan ik.  Ik wil je 
bedanken voor al je steun en inzet en gewoon voor het feit dat je de geweldige vrouw bent 
die je bent. Ik heb veel aan jou te danken. 

Beste Dr. Tuinder, Graag wil ik u bedanken voor de begeleiding bij mijn onderzoeken 
waarbij u betrokken bent geweest (ook buiten dit proefschrift). U had altijd ideeën die tot 
onderzoeken konden leiden, altijd tijd om mee te denken en dankzij u ben ik op enkele 
mooie internationale congressen geweest. U heeft een zeer belangrijke rol gespeeld bij het 
tot stand komen van dit proefschrift en in mijn ervaringen in de wereld van wetenschappelijk 
onderzoek. Daarnaast bent u een zeer begaafde operateur en ik kan niet wachten om tijdens 
mijn opleiding de kunde van o.a. de borstreconstructies van u te leren. 

Beste professor dr. L. Boersma en dr. K. Verhoeven, Bedankt voor jullie enorme inzet en 
hulp betreffende de adjuvante radiotherapie die deel uit maakt van dit proefschrift. Dankzij 
jullie heb ik dit belangrijke aspect kunnen meenemen in mijn onderzoeken. Daarnaast zijn 
jullie altijd bereid geweest mijn manuscripten door te lezen en van gefundeerde feedback 
te voorzien en mee te denken over verbeteringen, inzendingen en zelfs uitbreidingen. Jullie 
hebben een onmiskenbare rol gespeeld in een groot deel van mijn proefschrift. Daar wil ik 
jullie enorm voor bedanken. 
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Graag wil ik alle overige co-auteurs van de publicaties in dit proefschrift bedanken. Zonder 
jullie had dit proefschrift geen stand gekregen:  Joshi Hogenboom bedankt voor al je wijsheden 
op het gebied van epidemiologie in Hoofdstuk 6, niet meer dan eens moest je me weer in jip 
en janneke taal uitleggen hoe het ook al weer zat. Ik heb genoten van onze samenwerking 
waarbij we onze klinische en statistische kennis moesten uitwisselen en tot één geheel wisten 
te brengen. Jop Beugels bedankt dat je me ooit de kans gaf als WESP-student, dat is toch wel 
de start van alles geweest. Bedankt ook voor je  gezelligheid en je wetenschappelijke inzichten 
waar maar weinigen aan kunnen tippen. Sander van Kuijk en Bjorn Winkens bedankt voor 
jullie adviezen en betrokkenheid op statistisch gebied bij het analyseren van alle data, het 
moge duidelijk zijn dat zonder statisticus een proefschrift voor mij niet haalbaar was geweest. 
Britt op den Kamp bedankt voor je inzet bij het verwerken van de data van de TOBO studie. 
Ik zie er naar uit om nu jou te kunnen bijstaan wanneer je het stokje overneemt betreffende 
de uitwerking van de rest van de TOBO studie.  Drs. van Mulken, dr. Piatkowski, Dr. Keuter, 
drs. Ferdinandus en dr. Dikmans bedankt voor jullie bijdrage aan dit proefschrift en voor het 
gebruik te mogen maken van de betreffende data. 

Lieve collega’s (staf, verpleegkundigen, polidames, planners, pokmedewerkers, OK dames) 
van de plastische chirurgie Zuyderland. Jullie krijgen toch een apart stukje want wat heb ik 
een fantastische tijd gehad bij jullie als assistent. Net uit de schoolbanken kwam ik bij jullie als 
ANIOS werken. Ik weet nog goed hoe spannend ik het zelf vond, maar ook  hoe ontzettend 
thuis ik me bij jullie voelde.  Een warm bad, een tweede familie. Bedankt dat jullie me vanaf het 
begin serieus namen, me binnen lieten in de fantastische wereld van de plastische chirurgie, 
jullie het me toevertrouwden mijn eigen weg te gaan en bedankt voor jullie onuitputtelijke 
support. Ik heb me in de tijd bij jullie enorm kunnen ontwikkelen en heb ontzettend veel 
geleerd. En daarnaast was het ook nog eens hartstikke gezellig. Ik kan alleen maar hopen dat 
ik ooit in net zo een fantastisch team werkzaam zal zijn als plastisch chirurg.  

Beste stafleden van de plastische chirurgie in het MUMC+ en Viecuri, Bedankt voor jullie 
steun, leerzame momenten, samenwerking en gezelligheid!  Ik ben ontzettend blij en 
vereerd dat jullie mij het vertrouwen hebben gegeven om in zo’n fijne opleidingskliniek de 
kunsten te mogen leren om plastisch chirurg te worden. Ik kijk enorm uit naar alle leerzame 
momenten die nog komen gaan, maar ook om weer eens lekker samen te genieten op de 
borrels, feestjes en mooie zomer- en winterbijscholingen. 

Lieve assistenten van de plastische chirurgie, Renee K., Chao, Anouk, Jop, Mintsje, Jip, 
Tim, Lisa, Renee M.,Joost, Joep en Hansje. Wat is het toch fijn om weer terug bij jullie te 
zijn! Ondertussen kennen we elkaar al heel wat jaren en hebben we stiekem al heel wat 
meegemaakt. Ik wil jullie bedanken voor het feit dat jullie elke dag werken nóg leuker 
maken. Bedankt voor alle flauwe grappen, bedankt voor alle gezellige borrels, bedankt dat 
we lekker gek kunnen doen met z'n allen, maar ook bedankt dat we eerlijk bij elkaar kunnen 
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zijn en over onze onzekerheden op en buiten de werkvloer kunnen praten. Het is een feestje 
om jullie als collega’s te hebben. Daarnaast natuurlijk ook veel dank aan alle oud assistent 
collega’s die voor zoveel gezelligheid en vertrouwen hebben gezorgd in mijn periode als 
WESP-student en ANIOS: Patrick, Michelle, Volkan, Lisette, Juliette, Tiara, Rutger, Laura, An, 
Martijn, Dave, Sander en Rachel. 

Borstcentrum Zuyd, Beste drs. Janssen, dr. van Bastelaar, dr. Vissers en drs. van Haaren, 
maar ook minstens net zo belangrijk: beste Belinda, Laudy, Laura, Maud en Miriam, bedankt 
voor alle energie die jullie elke dag weer in de zorg van de patiënten met borstkanker steken. 
Zonder jullie hadden we nooit de TOBO studie kunnen opzetten en al helemaal niet kunnen 
volbrengen. De deelname van patiënten en ook de follow up heb ik voor een groot deel 
aan jullie te danken. Ik heb grote bewondering voor jullie toewijding en zorg waarmee jullie 
dagelijks de borstkanker patiënten begeleiden en behandelen. 

Lieve assistenten en PA’s van de algemene heelkunde Zuyderland, Het was behoorlijk 
wennen tijdens de start van mijn vooropleiding bij de Heelkunde en dat ook nog eens in 
de ongezellige Coronatijd. Maar ondanks alles heb ik dankzij jullie toch een hele fijne tijd 
gehad, veel geleerd en daarbij ook nog de nodige biertjes kunnen nuttigen. Bedankt dat 
jullie me zo thuis lieten voelen en dat er nog vele borreltjes mogen volgen. 

Lieve Tekla en Karlijn, Tekkel en Karpie, Bij uitstek m’n twee beste vriendinnetjes. Wat ben 
ik blij dat ik jullie ooit in onze kubus-tijd heb leren kennen! Al hadden we op dat moment 
onze vriendschap niet uitgezocht en verschilden we op vele fronten van elkaar, klikte het 
al snel en was het wat ik zou noemen toch wel een match made in heaven. Vele van onze 
mooie herinneringen samen liggen verborgen in het studentenleven in Maastricht en hopen 
nooit het daglicht te zien, maar ook daarbuiten hebben we ondertussen genoeg avonturen 
beleefd. En hoewel onze levens in het verloop van de tijd steeds meer van elkaar zijn gaan 
verschillen, kan ik me mijn leven niet voorstellen zonder jullie. Ik bewonder de manier 
waarop jullie in het leven staan en hoe fantastisch jullie het doen als moeders, partners en 
vrouwen. Bij jullie kan ik altijd terecht voor een borrel, een feestje, wijze raad, een goed 
gesprek, of gewoon even lekker helemaal niets. Bij jullie voel ik me rustig, veilig en altijd 
gewenst.  Bedankt voor jullie onvoorwaardelijke liefde, support en rust.  

Lieve Joshua, Van alle mensen hier genoemd (op mijn familie na) ken jij me toch wel het 
langst. Als ik terugdenk aan onze tijd in Amsterdam word ik hier altijd weer vrolijk van. En 
ik kan gerust stellen dat jouw impulsiviteit mijn tienerjaren verrijkt heeft. Ik ben trots op je 
hoe je jezelf hebt teruggevonden, de rust hebt gepakt en je dromen aan het nastreven bent. 
Bedankt voor je onuitputtelijke enthousiasme, je hulp bij het op Engels corrigeren van een 
paar van mijn stukken en het zo lekker jezelf zijn. 
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Lieve vriendinnetjes die altijd het MAXimale uit hun leven halen. Toen ik jullie leerde 
kennen tijdens de INKOM heb ik al snel mijn principes om nergens bij te gaan laten varen.  
En gelukkig maar, want wat heb ik een ontzettende leuke tijd met jullie gehad. Mijn leven in 
Maastricht, waar ik daarvoor niemand kende, was in één klap een warm thuis. En hoewel 
het grootste deel natuurlijk bestond uit heel veel avondjes in de kroeg en brakke ochtenden, 
heeft het mij naast de nodige katers ook veel nuttigs gebracht. Het gaf me de mogelijkheid 
me te ontplooien tot de vrouw die ik nu ben. Verlegenheid maakte plaats voor speeches en 
vergaderingen voorzitten als praeses, multitasken werd tot een tweede natuur gemaakt, 
organisatorische vaardigheden werden op de proef gesteld en nieuwe sociale contacten 
leggen werd een sport. Ik ben jullie dankbaar voor alle legendarische momenten die ik met 
jullie heb gehad en zie uit naar de mooie momenten die nog gaan komen met de ROV.  

Lieve David, Ik wil je bedanken voor je steun en vertrouwen tijdens de laatste jaren van mijn 
promotieonderzoek. Elk goed nieuws was voor jou reden tot champagne en je droeg er zorg 
voor me er herhaaldelijk aan te herinneren hoe speciaal een PhD en specialisatie eigenlijk 
is. Je was één van mijn grootste fans. Bedankt voor al je hulp, je geduld en onuitputtelijke 
support in het nastreven van mijn droombaan. 

Lieve Pap, Lieber Papa, Al zegt promoveren je niet zo veel en gaat het schrijven van een 
proefschrift en in opleiding komen in Nederland allemaal anders dan in Duitsland, toch ben 
je altijd benieuwd geweest naar hoe het ervoor stond. Je wilde altijd helpen waar mogelijk, 
en ging er (in tegenstelling tot mijzelf) altijd van uit dat het allemaal wel goed zou komen. En 
ook al zien we elkaar helaas niet zo vaak, weet ik dat je aan me denkt en trots op me bent 
nu ik dan toch eindelijk klaar ben met “dat boekje” en in opleiding ben. Bedankt voor al je 
steun tijdens mijn opleiding, de hulp bij elke verhuizing en de fijne tijd tijdens de momenten 
dat we elkaar wel zien. Hopelijk kunnen we snel weer samen wat lekkere speciaalbiertjes in 
een van de Maastrichtse kroegen drinken. 

Lieve Rico, Cotje, lief broertje, Mijn steun en toeverlaat al sinds ik me kan herinneren! Mijn 
dank en liefde voor jou is moeilijk te beschrijven. Al zijn we op vlakken zeer verschillend 
en staan onze levensdoelen soms mijlenver uit elkaar, hebben we toch dezelfde humor en 
kunnen we enorm op elkaar bouwen. Helaas zien wij ons niet zo vaak als ik zou willen, maar 
wie gaat er dan ook in Frankfurt wonen?! Ik wil je bedanken voor je onvoorwaardelijke steun, 
je nuchtere blik en je vermogen om me te laten zien dat er nog zo een grote en plezierige 
wereld buiten studeren, promoveren en specialiseren bestaat. Ik ben ontzettend trots op de 
man die je bent geworden. Je was, bent en blijft voor altijd mijn lievelingsbroertje. 
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Lieve Mam, lieve paranimf. The best mom I could have asked for! Ik zou een heel boekwerk 
kunnen schrijven over alles waar ik je dankbaar voor ben. Je staat voor me klaar in goede 
en slechte tijden en je liefde is onvoorwaardelijk. Je hebt me geleerd hard te werken als je 
iets wil bereiken, om te gaan met tegenslagen, nooit neer te kijken op anderen, de waarde 
van onafhankelijkheid,  maar ook om te genieten van het leven en dat een reden tot een 
feestje er een is die benut moet worden. Zonder jou was ik nooit gekomen waar ik nu ben. Je 
hebt altijd vertrouwen in mijn kunnen gehad en staat altijd achter me. Ik denk dat niemand 
een trotsere paranimf achter zich heeft staan dan ik vandaag heb. Lieve mama, je bent een 
fantastische vrouw en een geweldige moeder en daar zal ik je altijd dankbaar voor zijn. 
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Publications 

• Is a single-stage implant-based breast reconstruction with an acellular matrix safe?
Hillberg NS, Ferdinandus, PI, Dikmans REG, Hommes J, van der Hulst R. Eur J Plast Surg 
(2018). https://doi.org/10.1007/s00238-018-1415-2

• Delay of adjuvant radiotherapy due to postoperative complications after oncoplastic 
breast conserving surgery.
Hillberg NS, Meesters-Caberg MAJ, Beugels J, Winkens B, Vissers YLJ, van Mulken TJM. 
Breast. 2018 Jun;39:110-116. doi: 10.1016/j.breast.2018.04.005. Epub 2018 Apr 12.

• Autologous breast reconstruction with a delay procedure of the deep inferior epigastric 
artery perforator flap (DIEP) because of venous congestion of the flap on pedicle: A case 
series 

• Hillberg NS, van Mulken TJM, Meesters MAJ, Piatkowski de Grzymala AA, Keuter XAH, 
Hommes J, van der Hulst RRJW. Ann Plast Surg. 2019 Jan 9. 
doi: 10.1097/SAP.0000000000001752

• Increase of major complications with a longer ischemia time in breast reconstruction 
with a free deep inferior epigastric perforator (DIEP) flap 
Hillberg NS, Beugels J, van Kuijk SMJ, van der Hulst RRJW , Tuinder S. European Journal 
of Plastic Surgery volume 43, pages133–138 (2020)

• Protocol of the TOBO-Study: A prospective cohort study of patient satisfaction and quality 
of life after breast conserving therapy with and without oncoplastic reconstruction
Hillberg NS, Vissers YLJ, Verhoeven KMPJ, van Mulken TJM, Meesters-Caberg MAJ, 
Boersma LJ, van der Hulst RRJW. Annals of Breast Cancer 2020 March 02 

• Risk of major postoperative complications in breast reconstructive surgery with and 
without an acellular dermal matrix; Development of a prognostic prediction model 
Hillberg NS, Hogenboom J, Hommes J, Van Kuijk SMJ, Keuter XHA, van der Hulst RRWJ. 
JPRAS OPEN May 2022 

Submitted

• Patient satisfaction, quality of life and complications after breast conserving surgery 
with or without oncoplastic reconstruction.
Hillberg NS, Op den Kamp BMHA, Vissers YLJ, Verhoeven KMPJ, van Mulken TJM; 
Meesters-Caberg MAJ, Boersma LJ, van Kuijk SMJ, van der Hulst RRJW 
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Awards

• July 2017 Zuyderland-Maastro Grant: for the protocol of the TOBO-Study: A prospective 
cohort study of patient satisfaction and quality of life after breast conserving therapy 
with and without oncoplastic reconstruction 

Scientific Meetings

• 2016 meeting of the Dutch Association of Plastic Surgeons, 07 October , Rotterdam, The 
Netherlands. Hillberg NS, Ferdinandus, PI, Dikmans REG, Hommes J, van der Hulst R. 
“Is a single-stage implant-based breast reconstruction with an acellular matrix safe?” 

• 2016 Mayo Clinic-Chang Gung Reconstructive Surgery Symposium, 21 October, 
München, Germany Hillberg NS, Ferdinandus, PI, Dikmans REG, Hommes J, van der 
Hulst R. “Is a single-stage implant-based breast reconstruction with an acellular matrix 
safe?” 

• 2017 meeting of the Dutch Association of Plastic Surgerons, 12 May, Amsterdam, The 
Netherlands. Hillberg NS, Meesters-Caberg MAJ, Beugels J, Winkens B, Vissers YLJ, van 
Mulken TJM. “Delay of adjuvant radiotherapy due to postoperative complications after 
oncoplastic breast conserving surgery.”

• 2018 Barcelona Breast Meeting, 8 March, Barcelona, Spain. Hillberg NS, Meesters-
Caberg MAJ, Beugels J, Winkens B, Vissers YLJ, van Mulken TJM. “Delay of adjuvant 
radiotherapy due to postoperative complications after oncoplastic breast conserving 
surgery.”

• 2018 Meeting Radiotherapy in Breast reconstruction, 26 April, Maastricht, the 
Netherlands. Hillberg NS, Vissers YLJ, Verhoeven KMPJ, van Mulken TJM, Meesters-
Caberg MAJ, Boersma LJ, van der Hulst RRJW “Protocol of the TOBO-Study: A prospective 
cohort study of patient satisfaction and quality of life after breast conserving therapy 
with and without oncoplastic reconstruction.”

• 2018 meeting of the Dutch Association of Plastic Surgeons, 25 May, Amsterdam, the 
Netherlands. Hillberg NS, van Mulken TJM, Meesters MAJ, Piatkowski de Grzymala AA, 
Keuter XAH, Hommes J, van der Hulst RRJW. “Autologous breast reconstruction with a 
delay procedure of the deep inferior epigastric artery perforator flap (DIEP) because of 
insufficient vascularization of the flap on pedicle: A case series.” 

• 2018 meeting of the Dutch Association of Plastic Surgeons, 03 November, Ede, the 
Netherlands. Hillberg NS, Beugels J, van Kuijk SMJ, van der Hulst RRJW, Tuinder S. 
“Increase of major complications with a longer ischemia time in breast reconstruction 
with a free deep inferior epigastric perforator (DIEP) flap.”

• 2019 EURAPS, 25 May, Helsinki, the Finland. Hillberg NS, Beugels J, van Kuijk SMJ, van 
der Hulst RRJW , Tuinder S. “Increase of major complications with a longer ischemia 
time in breast reconstruction with a free deep inferior epigastric perforator (DIEP) flap.”
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• 2019 WSRM, 14 June, Bologna, Italy. Hillberg NS, Beugels J, van Kuijk SMJ, van der Hulst 
RRJW , Tuinder S. “Increase of major complications with a longer ischemia time in breast 
reconstruction with a free deep inferior epigastric perforator (DIEP) flap.”

• 2021 Plastic Surgery the Meeting, 1 November, Atlanta, US. Poster presentation. 
Hillberg NS, Op den Kamp BMHA, Vissers YLJ, Verhoeven KMPJ, van Mulken TJM; 
Meesters-Caberg MAJ, Boersma LJ, van Kuijk SMJ, van der Hulst RRJW. “Patient 
satisfaction, quality of life and complications after breast conserving surgery with or 
without oncoplastic reconstruction.”

• 2021 Plastic Surgery the Meeting, 1 November, Atlanta, US. Poster presentation. Hillberg 
NS, Hogenboom J, Hommes J, Van Kuijk SMJ, Keuter XHA, van der Hulst RRWJ. “Risk of 
major postoperative complications in breast reconstructive surgery with and without 
an acellular dermal matrix; Development of a prognostic prediction model.”
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Nadine Sophie Hillberg was born on October 19th 1989 in Berlin, 
Germany, as the daughter of a Dutch mother and German 
father. In 1995, at the age of six, she moved to Amsterdam, the 
Netherlands. In 2008 she graduated from St. Ignatius Gymnasium 
in Amsterdam. After a gap year in which she travelled through 
Thailand and did volunteer work in an orphanage, she started 
medical school at Maastricht University in 2009. In 2012 she 
obtained her bachelor’s degree in medicine. As she likes to travel, 
to discover new cultures and share her knowledge and skills, she 
took another year off to explore China and South East Asia. 

During the master phase of her medical study she had the opportunity to gain extracurricular 
experience in research at the neurophysiology lab led by Dr. R. Lousberg, and was an active 
member in the student association O.M.G.M. MAX in which she held several board positions. 
During the final year of medical school she completed clinical rotations in plastic surgery in 
the Netherlands in the Elkerkliek Hospital in Helmond, and Zuyderland Medical Center in 
Sittard-Geleen. She also completed an extracurricular internship in plastic surgery in the 
Agaplesion Hospital in Frankfurt, Germany, under supervision of Prof. dr. med. A. Botzkurt. 
Her science rotation at the Maastricht University Medical Center+ in plastic surgery is where 
the foundation of her dissertation was laid. 

Nadine Sophie Hillberg obtained her medical master degree in November 2016 at Maastricht 
University. She immediately started as a medical doctor at the department of plastic surgery 
in Zuyderland Medical Center, later also at Maastricht University Medical Center, until 
December 2019. During her position there, she initiated and continued research and won 
the Maastro-Zuyderland Grant that funded the TOBO study. She presented her research 
outcomes at many conferences for specialists across Europe. In 2020 she was admitted 
to the training as a specialist in plastic and reconstructive surgeon. As part of her plastic 
surgery training, she completed her residency in general surgery at the Zuyderland Medical 
Center under the supervision of dr. M. Sosef in December 2021. Since then she continued 
her training to become a plastic and reconstructive surgeon at the Maastricht University 
Medical Center+. 
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