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Abstract
Purpose Lipofilling has been established as a standard technique for contour enhancement following breast reconstruction. 
However, there is a paucity in current literature regarding the use of this technique for complete reconstruction of the female 
breast as an alternative to conventional techniques, such as expander or flap-based procedures. In particular, the influence 
of pre-operative irradiation for successful reconstruction has rarely been examined in published studies. Here, the authors 
describe their experience with successful fat injection in pre-radiated breasts in comparison with non-pre-radiated patients.
Methods In this retrospective study, we examined a total of 95 lipofilling treatments on 26 patients (28 breasts). All of them 
experienced mastectomy following breast cancer; local breast defects after partial resection of the gland were not included 
in this study. In total, 47 lipofilling procedures in 12 non-irradiated patients (14 breasts) and 48 procedures in 14 irradiated 
women (also 14 breasts) were performed. Per session, approximately 297 ± 112 cc of adipose tissue was grafted in group A 
(no radiotherapy) and approximately 259 ± 93 cc was grafted in group B (radiotherapy).
Results Among the group of women without pre-operative radiation, 71% of breast reconstructions limited to lipofilling 
only showed constant engraftment of fat tissue with a successful reconstructive result, whereas only 21% of the patients with 
pre-radiated breasts showed complete reconstruction of the breast with a permanent fat in-growth.
Conclusion Preoperative radiotherapy significantly impedes successful completion of breast reconstructions planned only 
by autologous fat transfer. Patients should be selected individually and carefully for complete breast reconstruction using 
lipofilling only.
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Introduction

In addition to the gold standards of free and pedicled flaps 
and expander- or implant-based techniques, reconstruction 
of the female breast by lipografting has been established 
during the last decade as an alternative method for selected 

indications [1–3]. Using this method, fat harvested by lipo-
suction is injected to improve contour deformities after 
breast conserving procedures or, in highly selected cases, 
for complete reconstruction after breast surgery.

While fat transplantation into the breast was considered 
to be at higher risk for radiologic detection and breast cancer 
recurrence in the past (ASPS ad hoc committee 1987), Petit 
et al. [4] published a multi-center study in 2011 including 
513 patients demonstrating oncologic safety of fat grafting 
for breast reconstruction. A detailed workup of this study in 
2013 recognized an increased risk for patients after ductal 
carcinoma in situ (DCIS) [5] but 2016 Kronowitz et al. [6] 
confirmed the overall safety of this method in a matched 
controlled study with 719 women.

The effects of pre-operative irradiation on soft tissue in 
breast reconstruction are undeniable [7]. Furthermore, some 
studies have reported over 50% of major complications after 
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expander- or implant-based reconstructions in combination 
with radiotherapy [8].

In contrast, reconstruction with autologous tissue using 
flap surgery (e.g., DIEP flap) is less often subject to nega-
tive sequelae following irradiation [9], with volume loss 
from irradiation also expected in flaps with adequate blood 
supply [10]. While the consequences of pre-operative and 
postoperative radiotherapy for conventional techniques of 
breast reconstruction are well investigated, only few studies 
are published regarding the effect of irradiation on partial or 
complete breast reconstruction by lipofilling [11, 12].

Several papers have already described the use of lipofill-
ing to improve contour deformities in irradiated patients, 
hereby pointing out the advantage of lipofilling in improving 
tissue quality [13, 14]. Rigotti et al. described that purified 
autologous lipoaspirates (60–120 cc), including isolated 
stromal vascular fraction and thus cells with mesenchymal 
stem cell physical properties and immunophenotype help 
to resolve the late side effects of radiotherapy by enhancing 
progressive regeneration [15]. The pre-treatment of irradi-
ated skin with fat grafting prior to implant-based reconstruc-
tion was evaluated positively as well [16].

The aim of the present study was to compare the results 
of lipografting for complete breast reconstruction after mas-
tectomy in a retrospective study in both irradiated and non-
irradiated patients.

Materials and methods

Between May 2009 and May 2014, 26 mastectomy patients 
(28 breasts) were transferred to our department for com-
plete reconstruction by lipofilling only. Exclusion criteria 
were a BMI lower than 22, active tumor disease, ongoing or 
planned chemotherapy, and genetic disorder (BRCA 1/2). 
All patients were informed of the advantages and disadvan-
tages of other possible breast reconstruction procedures with 
their advantages and disadvantages. Indication for fat graft-
ing as sole procedure performed after mastectomy was based 
upon the patient’s request after informed consent. Intended 
outcome of these treatments was complete reconstruction 
of the ablated breast using lipofilling only without further 
reconstructive techniques, such as flap surgery or implants. 
The desired breast size was defined by the size of the oppo-
site breast side or, in case of absolute or relative macromas-
tia, by the patient's desired breast size.

Fat grafting was performed using a 3 mm, blunt-edge can-
nula and harvested using Tissu-Trans  Filtron® (Shippert Medi-
cal Technologies Corporation, Colorado). Using a small-gage 
cannula of 2 mm to reduce trauma to the recipient site, pro-
cessed fat was reinjected during the same surgery. Approval 
was given by the local ethic committee of university clinic 
in Regensburg, vote no. 18-1226-101, following the ethical 

standards of the Helsinki Declaration of 1975, as revised in 
2000.

In this retrospective study, a total of 95 fat graftings were 
performed. Health Insurance covered all procedures. Patients 
were divided into two groups: Group A without a history of 
radiotherapy and Group B with pre-operative irradiation.

In Group A without radiotherapy, 12 patients (with 14 
breasts after mastectomy) were enrolled for a total of 47 lipo-
filling procedures. On average, 3.4 individual surgeries were 
performed per breast; a minimum of one lipofilling and a max-
imum of eight lipofillings per patient were carried out. Two 
women received lipofilling as treatment for both their breasts. 
One of these two patients required eight separate lipofilling 
sessions per side until successful reconstruction, whereas the 
other one needed two procedures to successfully reconstruct 
the volume of both breasts. In general, the right breast side was 
treated 32 times while the left side was treated 15 times among 
this group. On average, 297 ± 112 cc of fat per breast per sur-
gery was injected (min. 40 cc, max. 500 cc). Patients were 
between 44 and 70 years old (median 52 years) at the time of 
the first surgery. The average body weight was 68.6 ± 12.0 kg 
(range 53–89 kg) and the average height was 165 ± 6 cm (range 
157–173 cm). The average BMI was 25.1 ± 3.0. Nine out of 
the 12 women had used the BRAVA system as support (75%; 
Table 1). This BRAVA-device (which is no longer available 
on the market) works as a negative-pressure external expander 
to enlarge the potential recipient tissue for the injected fat, and 
has to be worn for 4–6 weeks before the operation.

In Group B (pre-operative radiation in their medical his-
tory), 14 patients were treated for a total of 48 interventions. 
On average, one to nine separate procedures (mean 3.4 ± 2.3 
procedures) were performed per patient, with 27 operations on 
the right breast side and 21 operations on the left. No patient 
was treated on both breast sides. On average, 259 ± 93 cc of 
adipose tissue was injected (range 60–500 cc). Women were 
between 42 and 66 years old (median 53 years) at the time of 
the first surgery. Average weight was 66.5 ± 19.5 kg (range 
54–86 kg); size was 165 ± 6 cm (range 158–176 cm), the aver-
age BMI was 24.3 ± 3.4. The BRAVA system was worn by 11 
patients (79%) (Table 1).

Statistical analysis was mainly descriptive. Since our data 
in terms of completed breast reconstruction are binary (suc-
cessful, unsuccessful), we applied the Fisher’s exact test for the 
assessment of significant difference between the two groups 
(with and without pre-radiation) using R Studio Team (PBC, 
Massachusetts). P values < 0.05 were considered as statisti-
cally significant.
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Results

For this study, 26 post-mastectomy women were enrolled 
who were scheduled for complete breast reconstruction 
limited to autologous lipofilling. 12 patients with in total 
14 breasts were treated and had no history of radiotherapy, 
14 women were treated with pre-irradiation of the chest 
wall. Women in both groups were comparable in height, 
weight, BMI, and age, which are shown in Table 1. On 
average, more volume was infiltrated per operation in 
Group A (no radiotherapy) than in Group B (radiotherapy) 
(297 vs. 259 cc) (Table 1).

Within the 14 breasts in Group A (12 patients; two after 
bilateral mastectomy), complete breast reconstruction was 
achieved in nine women (ten breasts, 71%) (Figs. 1, 2, 3). 
Here, a mean of 3.4 individual surgeries was required for 
ultimate success (min. two, max. eight).

Table 1  Descriptive statistics 
(Group A and Group B)

a At the time of first breast surgery
b Per treatment

Group A Group B

Mean (± SD) Range Mean (± SD) Range

Agea [years] 54 (± 8.2) 44–70 52 (± 6.5) 42–66
BMIa [kg/m2] 25.1 (± 3) 21–31 24.3 (± 3.4) 19–29
Height [cm] 165 (± 6) 157–173 165 (± 67) 155–176
Weighta [kg] 68.6 (± 12) 53–89 66.5 (± 19.5) 54–86
Number of operations 3.4 (± 1.9) 1–8 3.4 (± 2.3) 1–9
Injection  volumeb [ml] 297 (± 112) 40–500 259 (± 93) 60–500
Chemotherapy 4 10
Minor complications (oil cysts) 2 1

Fig. 1  54  years old patient of Group A (without radiotherapy), pre-
operative

Fig. 2  Same patient of Group A (without radiotherapy), postoperative 
after three sessions lipofilling (380, 285 and 380 ml injection volume 
per session)

Fig. 3  Same patient of Group A (without radiotherapy), postoperative 
after NAC reconstruction and mastopexy on contralateral breast
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In two cases, a change of procedure to expander or 
implant was performed. In one case of bilateral mastec-
tomy, the treatment was finalized early without finishing 
the preferred outcome and no further reconstruction was 
performed.

Four patients (five breasts) received chemotherapy before 
lipofilling; none of the women had a history of smoking or 
diabetes.

As minor complications, oil cysts were reported in two 
cases.

In Group B, including 14 women who had undergone 
pre-operative radiotherapy, complete reconstruction was 
achieved in three cases (three breasts, 21%), requiring three 
(one patient) or four sessions (two patients) for complete 
reconstructive success.

In average, the time interval between radiotherapy and 
the first lipofilling session was 7 years (range 1–16 years).

During the treatments, there was one patient with a 
change of procedure to implant-based reconstruction; 
in three cases a change to flap reconstruction (1 × DIEP, 
2 × Latissimus dorsi flap) was performed. In nine patients, 
the treatment was stopped unsuccessfully (Figs. 4, 5). They 
had no further reconstruction at our department (Fig. 6).

Ten women had a history of chemotherapy; one was 
active smoker. None of the patients had diabetes.

Oil cysts as minor complication were seen in one patient.
Contrasting the two groups, the rate for complete breast 

reconstruction was significantly higher in Group A (with-
out pre-operative radiotherapy) than in Group B (with pre-
operative radiotherapy) (p value: 0.016).

The external expander (BRAVA) was used in 11 out of 14 
irradiated patients and in nine out of 12 women (11 out of 
14 cases) without radiotherapy [17]. The system was worn 
6 weeks preoperatively for 8–10 h per day and for 2 weeks 
postoperatively. No significant difference in achieved com-
plete reconstructions was observed for patients with or 

without using the Brava system in Group A (p value: 1) and 
Group B (p value: 1).

Discussion

In this study, the influence of radiotherapy for the successful 
reconstruction of the female breast only by autologous fat 
transfer is evaluated.

This technique competes with established breast recon-
struction procedures, such as perforator flaps or implant-
based techniques. Because fat injection-based reconstruc-
tion almost always requires multiple procedures (up to nine 
different surgeries in our own experience) and the out-
come is less predictable than with other techniques, only 
a selected group of women are candidates for this type of 
reconstruction.

The safety of autologous fat transfer to the breast was 
investigated in several studies [4–6]. In a previous study, 
we could demonstrate in a group of 93 women after breast 
cancer that in a long-term retrospective evaluation with a 
mean follow-up of 6.7 years, only 1.1% of patients experi-
enced local recurrence after autologous fat transfer to the 
breast [18].

As the literature for this technique is sparse, comparisons 
between complete fat injection-based reconstructions and 
established procedures can hardly be found.

In one of the largest series of lipofilling at the breast, 
Khouri et al. [17] demonstrated a higher complication rate 
and more necessary procedures in case of previous radiation.

Heine et al. [19] were able to demonstrate, that skin sen-
sation after fat injection-based breast reconstruction showed 
more natural values than after perforator flap reconstruction 
or expander-based techniques.

Fig. 4  46 years old patient of Group B (with radiotherapy), pre-oper-
ative

Fig. 5  Same patient of Group B (with radiotherapy), postoperative 
after four sessions lipofilling (320, 320, 200 and 300 ml injection vol-
ume per session) and BRAVA treatment (indicated by the red circle 
around the left thorax)
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One of the most crucial factors for reliable in-growth of 
adipose tissue after lipofilling is the quality, perfusion and 
elasticity of the recipient tissue. Beneath reduced vasculari-
zation and higher proportion of fibrous connective tissue, 
applied pressure during lipofilling is another relevant factor 
for successful outcome. Klein et al. examined the pressure 
increase in the breast tissue during lipofilling procedures. 
They could demonstrate in a cohort of 36 women with fat 
transfer to the breast that tissue pressure following lipofill-
ing was rising disproportionately in radiated tissue [20], 
which can be regarded as a potential risk for viability of 
the transplanted fat cells [21]. Additional preconditioning 
of the recipient site with several different treatment options 
to increase fat graft survival has been investigated in sev-
eral studies [22]. Orange et al. [23] reviewed thirteen animal 
studies with five different techniques for preconditioning of 
the recipient site and found some positive effect on cellular 
activity (cell proliferation and angiogenesis) by all studies.

Some authors discuss the beneficial effect of the simul-
taneous use of platelet-rich plasma (PRP) to improve fat 
engraftment in general [24, 25]. Furthermore, the use of 
adipose-derived stem cells (ASCs) contributes to adipogen-
esis and neo-angiogenesis and may represent promising new 
approaches [26]. In this study, the only preconditioning used 
for some of the women was an external expander (BRAVA) 
to enlarge the recipient tissue for fat injection.

Irradiation of the thoracic wall impacts the recipient’s 
tissue significantly [15, 27]. The influence of previous radi-
otherapy on the in-growth of transplanted fat has already 
been investigated in several publications. While some 
studies about complete breast reconstruction by lipofill-
ing found a negative influence of previous radiation of the 
recipient tissue compared to non-radiated tissue [17, 20], 
other authors could demonstrate an advantage of lipofilling 

as a preliminary treatment before implant-based recon-
struction. Debald et al. [13] investigated 40 women with 
lipofilling procedures after breast conserving procedure or 
reconstruction, 26 of whom underwent radiotherapy. They 
found improvement of skin and soft tissue after lipofilling 
following radiation.

While lipofilling is able to improve soft tissue as an addi-
tional tool following breast reconstruction by traditional 
techniques, complete reconstruction of the breast mound 
exclusively by lipofilling is essentially dependent on the tis-
sue quality of the recipient area.

In our study, where 95 lipografting procedures on 26 
patients (28 breasts) were investigated, we were able to 
demonstrate the influence of irradiation on lipofilling after 
mastectomy. We could show that radiotherapy is one of the 
decisive factors when complete reconstruction by fat graft-
ing is planned following mastectomy.

Furthermore, treatment with an external expander 
(BRAVA), which was used in 75% (group A) or 79% (group 
B), had no significant impact on the overall fat survival rate 
in patients who had undergone radiation prior to lipofilling.

Limitations of this study are the limited number of 
patients and the retrospective evaluation.

Conclusion

Successful complete breast reconstruction by lipofill-
ing after previous radiotherapy should be considered as a 
highly unpredictable procedure, whereby each patient has 
to be scrutinized individually. Women with an indication 
for breast reconstruction, especially pre-radiated patients, 
should always be informed about potential failure or non-
successful in-growth of autologous fat transplantation, and, 

Fig. 6  Comparison of the 
percentage of complete recon-
structed breasts using lipofilling 
for patients with and without 
radiation
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furthermore, should be informed about alternative treatment 
options for breast reconstruction.

Author contribution NH: data collection, data analysis and interpreta-
tion, original draft and writing of the article. AE: photo editing, data 
preparation and interpretation, critical revision of the manuscript, final 
approval. VB: critical revision of the manuscript, final approval. SK: 
critical revision of the manuscript, final approval. LP: critical revision 
of the manuscript, final approval. SS: critical revision of the manu-
script, final approval. BK: critical revision of the manuscript, final 
approval.

Funding Open Access funding enabled and organized by Projekt 
DEAL.

Declarations 

Conflict of interest The authors declare that they have no conflict of 
interest.

Ethical approval This study was approved by the institutional Ethics 
Committee of the Medical Faculty of the University of Regensburg, 
Germany (Approval number: 18-1226-101). All procedures performed 
in studies involving human participants were in accordance with the 
ethical standards of the institutional research committee and with the 
1964 Helsinki Declaration and its later amendments or comparable 
ethical standards.

Consent for publication The written consent on using the patient’s pho-
tographic documentation for publication was obtained from all patients 
included in this study.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

 1. Prantl L, Rennekampff HO, Giunta RE et al (2016) Aktuelle erk-
enntnisse zur eigenfett transplantation anhand der neuen leitlinie 
„autologe fetttransplantation“ (current perceptions of lipofilling 
on the basis of the new guideline on “autologous fat grafting”). 
Handchir Mikrochir Plast Chir 48:330–336. https:// doi. org/ 10. 
1055/s- 0042- 117635

 2. Silva-Vergara C, Fontdevila J, Descarrega J et al (2016) Oncologi-
cal outcomes of lipofilling breast reconstruction: 195 consecutive 
cases and literature review. J Plast Reconstr Aesthet Surg 69:475–
481. https:// doi. org/ 10. 1016/j. bjps. 2015. 12. 029

 3. Cogliandro A, Barone M, Tenna S et al (2017) The role of lipofill-
ing after breast reconstruction: evaluation of outcomes and patient 

satisfaction with BREAST-Q. Aesth Plast Surg 41:1325–1331. 
https:// doi. org/ 10. 1007/ s00266- 017- 0912-1

 4. Petit JY, Lohsiriwat V, Clough KB et al (2011) The oncologic out-
come and immediate surgical complications of lipofilling in breast 
cancer patients: a multicenter study–Milan-Paris-Lyon experience 
of 646 lipofilling procedures. Plast Reconstr Surg 128:341–346. 
https:// doi. org/ 10. 1097/ PRS. 0b013 e3182 1e713c

 5. Petit JY, Rietjens M, Botteri E et al (2013) Evaluation of fat graft-
ing safety in patients with intraepithelial neoplasia: a matched-
cohort study. Ann Oncol 24:1479–1484. https:// doi. org/ 10. 1093/ 
annonc/ mds660

 6. Kronowitz SJ, Mandujano CC, Liu J et al (2016) Lipofilling of the 
breast does not increase the risk of recurrence of breast cancer: 
a matched controlled study. Plast Reconstr Surg 137:385–393. 
https:// doi. org/ 10. 1097/ 01. prs. 00004 75741. 32563. 50

 7. Nelson JA, Disa JJ (2017) Breast reconstruction and radiation 
therapy: an update. Plast Reconstr Surg 140:60S-68S. https:// 
doi. org/ 10. 1097/ PRS. 00000 00000 003943

 8. Manyam BV, Shah C, Woody NM et  al (2019) Long-term 
complications and reconstruction failures in previously radi-
ated breast cancer patients receiving salvage mastectomy with 
autologous reconstruction or tissue expander/implant-based 
reconstruction. Breast J 25:1071–1078. https:// doi. org/ 10. 1111/ 
tbj. 13428

 9. O’Connell RL, Di Micco R, Khabra K et al (2018) Comparison 
of immediate versus delayed DIEP flap reconstruction in women 
who require postmastectomy radiotherapy. Plast Reconstr Surg 
142:594–605. https:// doi. org/ 10. 1097/ PRS. 00000 00000 004676

 10. Haykal S, White CP, Guay NA (2013) An estimation of volume 
loss after radiation therapy on free flap breast reconstruction. Plast 
Reconstr Surg 131:937e–939e. https:// doi. org/ 10. 1097/ PRS. 0b013 
e3182 8bd94f

 11. Delay E, Guerid S, Meruta AC (2018) Indications and controver-
sies in lipofilling for partial breast reconstruction. Clin Plast Surg 
45:101–110. https:// doi. org/ 10. 1016/j. cps. 2017. 08. 008

 12. Sorrentino L, Regolo L, Scoccia E et al (2019) Autologous fat 
transfer after breast cancer surgery: an exact-matching study on 
the long-term oncological safety. Eur J Surg Oncol 45:1827–1834. 
https:// doi. org/ 10. 1016/j. ejso. 2019. 05. 013

 13. Debald M, Pech T, Kaiser C et al (2017) Lipofilling effects after 
breast cancer surgery in post-radiation patients: an analysis of 
results and algorithm proposal. Eur J Plast Surg 40:447–454. 
https:// doi. org/ 10. 1007/ s00238- 017- 1311-1

 14. Panettiere P, Marchetti L, Accorsi D (2009) The serial free fat 
transfer in irradiated prosthetic breast reconstructions. Aesth Plast 
Surg 33:695–700. https:// doi. org/ 10. 1007/ s00266- 009- 9366-4

 15. Rigotti G, Marchi A, Galiè M et al (2007) Clinical treatment of 
radiotherapy tissue damage by lipoaspirate transplant: a heal-
ing process mediated by adipose-derived adult stem cells. Plast 
Reconstr Surg 119:1409–1422. https:// doi. org/ 10. 1097/ 01. prs. 
00002 56047. 47909. 71

 16. Sarfati I, Ihrai T, Duvernay A et al (2013) Transfert de tissu 
adipeux autologue préalable à la reconstruction mammaire par 
implant après mastectomie et irradiation : à propos d’une série 
de 68 cas (Autologous fat grafting to the postmastectomy irradi-
ated chest wall prior to breast implant reconstruction: a series of 
68 patients). Ann Chir Plast Esthet 58:35–40. https:// doi. org/ 10. 
1016/j. anplas. 2012. 10. 007

 17. Khouri RK, Rigotti G, Cardoso E et al (2015) Tissue-engineered 
breast reconstruction with Brava-assisted fat grafting: a 7-year, 
488-patient, multicenter experience. Plast Reconstr Surg 135:643–
658. https:// doi. org/ 10. 1097/ PRS. 00000 00000 001039

 18. Kempa S, Brix E, Heine N et al (2021) Autologous fat graft-
ing for breast reconstruction after breast cancer: a 12-year 
experience. Arch Gynecol Obstet. https:// doi. org/ 10. 1007/ 
s00404- 021- 06241-1

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1055/s-0042-117635
https://doi.org/10.1055/s-0042-117635
https://doi.org/10.1016/j.bjps.2015.12.029
https://doi.org/10.1007/s00266-017-0912-1
https://doi.org/10.1097/PRS.0b013e31821e713c
https://doi.org/10.1093/annonc/mds660
https://doi.org/10.1093/annonc/mds660
https://doi.org/10.1097/01.prs.0000475741.32563.50
https://doi.org/10.1097/PRS.0000000000003943
https://doi.org/10.1097/PRS.0000000000003943
https://doi.org/10.1111/tbj.13428
https://doi.org/10.1111/tbj.13428
https://doi.org/10.1097/PRS.0000000000004676
https://doi.org/10.1097/PRS.0b013e31828bd94f
https://doi.org/10.1097/PRS.0b013e31828bd94f
https://doi.org/10.1016/j.cps.2017.08.008
https://doi.org/10.1016/j.ejso.2019.05.013
https://doi.org/10.1007/s00238-017-1311-1
https://doi.org/10.1007/s00266-009-9366-4
https://doi.org/10.1097/01.prs.0000256047.47909.71
https://doi.org/10.1097/01.prs.0000256047.47909.71
https://doi.org/10.1016/j.anplas.2012.10.007
https://doi.org/10.1016/j.anplas.2012.10.007
https://doi.org/10.1097/PRS.0000000000001039
https://doi.org/10.1007/s00404-021-06241-1
https://doi.org/10.1007/s00404-021-06241-1


Archives of Gynecology and Obstetrics 

1 3

 19. Heine N, Eigenberger A, Brebant V et al (2021) Comparison of 
skin sensitivity following breast reconstruction with three differ-
ent techniques: autologous fat grafting, DIEP flap and expander/
implant. Clin Hemorheol Microcirc. https:// doi. org/ 10. 3233/ 
CH- 219203

 20. Klein SM, Prantl L, Geis S et al (2014) Pressure monitoring dur-
ing lipofilling procedures. Clin Hemorheol Microcirc 58:9–17. 
https:// doi. org/ 10. 3233/ CH- 141872

 21. Khouri RK, Khouri RE et al (2014) Diffusion and perfusion: the 
keys to fat grafting. Plast Reconstr Surg Glob Open. https:// doi. 
org/ 10. 1097/ GOX. 00000 00000 000183

 22. Kim J, Park M, Jeong W et al (2019) Recipient-site precondition-
ing with deferoxamine increases fat graft survival by inducing 
VEGF and neovascularization in a rat model. Plast Reconstr Surg 
144:619e–629e. https:// doi. org/ 10. 1097/ PRS. 00000 00000 006036

 23. Oranges CM, Striebel J, Tremp M et al (2019) The preparation of 
the recipient site in fat grafting: a comprehensive review of the 
preclinical evidence. Plast Reconstr Surg 143:1099–1107. https:// 
doi. org/ 10. 1097/ PRS. 00000 00000 005403

 24. Felthaus O, Prantl L, Skaff-Schwarze M et al (2017) Effects of 
different concentrations of platelet-rich plasma and platelet-poor 
plasma on vitality and differentiation of autologous Adipose 

tissue-derived stem cells. Clin Hemorheol Microcirc 66:47–55. 
https:// doi. org/ 10. 3233/ CH- 160203

 25. Haubner F, Muschter D, Schuster N et al (2015) Platelet-rich 
plasma stimulates dermal microvascular endothelial cells and adi-
pose derived stem cells after external radiation. Clin Hemorheol 
Microcirc 61:279–290. https:// doi. org/ 10. 3233/ CH- 151982

 26. Prantl L, Heine N (2012) Regenerative therapieansätze im bereich 
der mammachirurgie (options for regenerative therapy in the field 
of breast surgery). Handchir Mikrochir plast Chir 44:103–111. 
https:// doi. org/ 10. 1055/s- 0031- 12979 66

 27. Cordeiro PG, Albornoz CR, McCormick B et  al (2014) The 
impact of postmastectomy radiotherapy on two-stage implant 
breast reconstruction: an analysis of long-term surgical outcomes, 
aesthetic results, and satisfaction over 13 years. Plast Reconstr 
Surg 134:588–595. https:// doi. org/ 10. 1097/ PRS. 00000 00000 
000523

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.3233/CH-219203
https://doi.org/10.3233/CH-219203
https://doi.org/10.3233/CH-141872
https://doi.org/10.1097/GOX.0000000000000183
https://doi.org/10.1097/GOX.0000000000000183
https://doi.org/10.1097/PRS.0000000000006036
https://doi.org/10.1097/PRS.0000000000005403
https://doi.org/10.1097/PRS.0000000000005403
https://doi.org/10.3233/CH-160203
https://doi.org/10.3233/CH-151982
https://doi.org/10.1055/s-0031-1297966
https://doi.org/10.1097/PRS.0000000000000523
https://doi.org/10.1097/PRS.0000000000000523

	The effect of radiotherapy on fat engraftment for complete breast reconstruction using lipofilling only
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Results
	Discussion
	Conclusion
	References




