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Abstract
Background: Fat grafting in breast augmentation surgery is becoming increasingly popular, allowing surgeons to fill the 

gaps that implant augmentation alone cannot. However, one of the current issues surrounding fat grafting is the lack of 

standardization. 

Objectives: The objective of this study was to validate and summarize expert-based advice to help plastic surgeons 

better understand the benefits of utilizing fat grating to reduce implant size in their surgical planning.

Methods: This was a prospective study of fat grafting in 56 patients who underwent fat transfer together with silicone 

breast implants. A 3-dimensional planning system was used to plan the procedure and also to analyze the fat retention 

and resorption rates. Pictures served as a basis for a questionnaire in which both patients and physicians were asked to 

rate their satisfaction.

Results: Patients reported a satisfaction rate of “excellent” in 83.3% of cases and “good” in 16.7%. Physician satisfaction 

was rated as “excellent” in 84.5% of cases, “good” in 13.3%, and “fair” in 4.2% of cases. The mean fat volume grafted per 

breast was 113.63 mL. The mean absorption rate was 4.53%.

Conclusions: The procedure presented consistent and reproducible results. Hybrid breast augmentation can help design 

a pathway for a future with breasts free of silicone. This information is particularly relevant for women who have their first 

breast augmentation at an early age and will probably have 2 to 5 additional surgeries in their lifetime due to the nature 

of current silicone breast technology.

Level of Evidence: 4  

Editorial Decision date: February 16, 2021; online publish-ahead-of-print May 4, 2021.

Plastic surgery is no stranger to controversy, and the sub-

ject of infiltrating the breast with fat has been debated re-

peatedly since its introduction by Neuber over a century 

ago.1 This dispute is multifaceted—resulting in a range of 

perceptions regarding popular practice by clinicians.

Autologous fat injection has achieved widespread ac-

ceptance over the past 2 decades, being utilized as a 

soft tissue filler in both small- and large-volume applica-

tions.2 This procedure has been widely applied to different 
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regions of the body—most commonly in the face, buttocks, 

and hands, and to treat postliposuction deformities. 

Nevertheless, literature review indicates considerable 

variability in patient tissue retention following fat injection, 

leading to numerous unpredictable outcomes, including 

asymmetry.3,4 With the adverse effects of the procedure 

being increasingly recognized in the field of plastic sur-

gery, the tendency to use this method in breast surgery, in 

particular, has decreased. 

However, the unifying conclusion of many publications 

is that there is no Level 1 evidence paper on the subject 

of fat transfer to warrant a consensus recommendation for 

clinical practice.5

In this paper, we postulate that a standardized fat 

transfer procedure will guarantee a consistent and predict-

able fat retention rate in the group studied. This standard-

ized procedure consists of 4 main principles, as shown in 

Table 1.

Finally, in contrast to the original composite breast aug-

mentation published by Auclair et  al, hybrid breast aug-

mentation is a procedure designed to reduce implant size 

by utilizing fat grafting in a preoperative, planned fashion 

to accomplish results equivalent to a larger implant.6 In this 

paper, we present a prospective study of 56 patients who 

underwent a hybrid procedure involving fat injections com-

bined with silicone breast implants in a total of 112 breasts. 

In this study, patients received small- to moderate-volume 

fat grafts that were harvested, processed, and implanted 

according to standardized methods. Quantitative 3-dimen-

sional (3D) analysis was applied to obtain reproducible 

volume retention data.

METHODS

Over a period of 24 months (January 2017-January 2019), 

56 female patients presented to our private practice 

plastic surgery clinic with breasts they perceived as aes-

thetically unsatisfactory, and sought breast enlargement 

surgery. Most of these patients had had several consult-

ations at various other plastic surgery clinics before de-

ciding to proceed with surgery. Patients were evaluated 

and prospectively offered a hybrid procedure with breast 

implants and autologous fat transfer in an attempt to give 

them the desired results with smaller implants, as opposed 

to the larger breast implants originally requested.

The patients ranged in age from 20 to 38 years. The 

exclusion criteria were patients who smoked, and those 

with a BMI above 30 kg/m2. None of the patients had ex-

isting comorbidities, such as diabetes or high blood pres-

sure. The protocol used in this study was approved by the 

hospital Medical Advisory Board and this study design was 

done following the principles of the Declaration of Helsinki. 

Prior to participation in the study, written informed consent 

was acquired from all patients.

All patients received subfascial breast augmen-

tation with Motiva SmoothSilk Ergonomix Implants 

(Establishment Labs, Alajuela, Costa Rica).7,8 After a tu-

mescent infiltration with a standardized Klein solution, 

fat tissue was then harvested from the abdominal area 

or thighs—according to patient preference—with a 2.4-

mm cannula (Sforza Harvester; Tulip, San Diego, CA) and 

processed with the Puregraft system (Puregraft LLC, San 

Diego, CA). After the preparation of the tissue, a double 

needle-puncture incision was made at 3 and 9 hours 

on the border of the nipple-areola complex. The calcu-

lation of the volume to be inserted was automated and 

performed by the 3D system according to the authors’ 

algorithm for hybrid breast augmentation (Figure 1). The 

surgeon applied the fat in a fan-like movement, with a 

10-mL Luer-Lock syringe attached to a 1.2-mm bulb tip 

cannula (Establishment Labs), aiming to apply 1 mL of fat 

per passage. Fat grafting was performed until the entire 

breast was visually covered, as determined by the oper-

ating surgeon according to the 3D planning. The volume 

injected was noted. The total volume of fat transferred per 

breast ranged from 80 to 158 mL, with a mean [standard 

deviation] of 113.63 [19.70] mL per procedure. The com-

plete order of the procedure is defined according to the 

principles shown in Table 1. A  narrative video of a sim-

ilar procedure is available (Videos 1, 2, available online at 

www.aestheticsurgeryjournal.com).

All cases were done in a specialized plastic surgery 

hospital under general anesthesia. All patients signed an 

informed consent form for the described procedure. All pa-

tients received a single dose of 1.5 g of cefuroxime IV as 

a prophylactic antibiotic 1 hour before the commencement 

of their operation. Patients wore Preventex compression 

socks (Covidien, Watford, UK) and a prophylactic pneu-

matic deep-vein thrombosis system (Flowtron, Malmo, 

Sweden) during the procedure. However, no chemical pro-

phylaxis for deep-vein thrombosis was given, according to 

standard hospital policy for short procedures (less than 2 

hours). Patients were discharged with compression gar-

ments on the harvested area, but wearing only soft bras 

on the breasts to avoid compression of the transferred fat.

Table 1. Main Principles for Hybrid Surgery

Procedure Description

1 Surgical planning preferable with 3-dimensional 

technology for volume measurement

2 Harvesting with a small multihole cannula

3 Processing the fat before injection, with a 

washing and filtering device

4 Grafting with a less traumatic technique with small 

deposits per pass, such as Coleman’s method

2 Aesthetic Surgery Journal
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DISCUSSION

The current study employed a highly sensitive, objective, 

and quantitative assessment of volume to examine the rate 

of tissue resorption following autologous fat grafting. The 

data demonstrate that a standardized system and method 

that includes a 3D algorithm, tissue harvesting, processing, 

and implantation mitigates the vast majority of variability 

and unpredictability commonly ascribed to autologous 

fat grafting—such that the volume of tissue implanted is 

the primary determinant of the absolute amount of tissue 

volume lost.

Volume Analysis

Ideally, we would like to be able to excise the fat and weigh 

the specimen, as is done in animal studies, to obtain the 

most accurate ratio of fat retention. However, because this 

is not possible in human studies, different types of image-

based assessments are utilizied instead. As previously 

demonstrated by the main author, a validated 3D imaging 

software is capable of providing accurate numbers and 

supporting the statistical significance of our results.9 The 

processing of captured images uses a depth sensor with a 

precision of around 3 mm at a depth of 1 m (Structure Sensor; 

Occipital, Palo Alto, CA). In this case, the 3-mm margin is 

simply a Gaussian error meaning plus/minus, and therefore, 

when calculating volumes of surfaces, this error will be even 

smaller or compensated. The system accuracy can demon-

strated by, for example, performing 50 consecutive scans of 

a single patient: the differences in volume variations will al-

ways be less than 5% (Figure 6). This method has also been 

validated by other publications.10

We recognize that such a method has inherent limita-

tions. However, the same applies to any study in which 

acquired images are used to reconstruct a 3D model. 

Figure 2. The absorption rate is the distance between the 
blue and red lines, and remains constant independent of the 
size of the implant used.

Figure 3. The absorption rate is the distance between the 
blue and red lines, and remains constant independent of the 
size of the volume of fat grafted.

Figure 4. Volume of fat grafting and frequency. Figure 5. Absorption rate range.
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reabsorption. The alternative would be to use a 6-week 

data point, when the swelling would be mostly gone, as a 

baseline. However, it could be argued that the fat would 

also have started to be absorbed after 6 weeks, resulting 

in a much lower overall absorption rate. Thus, to avoid the 

potential of generating positively biased data, we opted 

to risk the possible aforementioned effect of utilizing the 

volume 2 weeks postoperation as the total breast volume 

in our data. Nonetheless, this serves as a support to our 

widely established and validated method. Perhaps this will 

lead to a change in the way we measure fat intake be-

cause what probably really matters is to what extent the 

breast can maintain volume over time. Further studies are 

encouraged to validate such protocols.

Harvest Methodology

The main author has patented the multihole cannula used 

in this study, and the technology played an important 

role in explaining the results. The patented cannula has 

20 barbed and beveled 1-mm holes arranged in a special 

layout to facilitate bidirectional harvest. The holes are de-

signed with an elevated 1-mm microport in one end, with 

the ports at the other end machined with 60° cutting edges. 

The main author has proved the efficacy of this cannula in 

a previous peer-reviewed publication.9

In addition, the asymmetric disposition of the holes in a 

helical pattern ensures all holes receive an identical aspi-

ration pressure. The net effect of the number of holes, in 

combination with the layout, is to aspirate tissue through 

all the holes simultaneously. Thus, more fat is harvested 

with fewer passages, ultimately reducing trauma to the fat 

and adjacent tissue. By design, the harvested grafted par-

ticles are always smaller than 1 mL. Recently, many authors, 

including Serra-Mestre et al, have adopted this cannula as 

the standard for fat harvesting and have partially attributed 

their consistent good results to this device.15 Finally, sev-

eral studies have demonstrated that larger fat particles 

tend to have higher absorption rates.16,17

Tissue Processing

The goal of postharvest fat processing is to eliminate con-

taminants, including cellular debris, free oil, and other 

nonviable components of the lipoaspirate such as hema-

togenous cells.18 Inclusion of these contaminants in the 

grafted material is believed to result in increased inflam-

mation, and thus in lower rates of graft retention.19

In addition to this, many authors believe that maximizing 

the number of adipose-derived mesenchymal stem cells in 

the grafted material improves graft viability.20 This belief 

is based on research demonstrating that adipose-derived 

mesenchymal stem cells are highly proliferative, and can 

stimulate regeneration of grafted material by attracting 

host cells to the graft site.21

This study employed a standardized method for 

preparing the graft prior to injection. We utilized the 

Puregraft system to remove contaminants, such as 

free lipid and fibrotic tissue, from the adipocyte septa 

white and red blood cells. The washing technique used 

in this study is efficient for processing larger volumes 

of lipoaspirate in a feasible time frame.22 We acknowl-

edge that the same instruments and devices may not 

be available worldwide. However, we believe that stand-

ardization is the key to achieving reproducible results. 

Further studies with other methods of standardization 

are encouraged.

Free Lipids and Oil Cysts

In a recent paper by Zhu et al, autologous fat grafts pre-

pared with this sterile, single-use approach proved far 

more effective at removing free lipid, white blood cells, 

and red blood cells than alternative approaches, such as 

centrifugation.23 Specifically, the authors reported that free 

lipids comprised only 0.5% ± 0.1% of the volume of the graft 

when processed with the Puregraft system, compared with 

12.6% ± 1.6% of the volume when the same tissue was pro-

cessed by centrifugation.

White and Red Blood Cells

In our opinion, the presence of red blood cells will not 

substantially influence fat intake rates. However, a higher 

level of red blood cells is thought to be reflected in the 

amount of postoperative bruising. Although merely a cos-

metic feature, less bruising in the immediate postoperative 

period would help patients feel more confident about their 

recovery.

Furthermore, the removal of as many white blood cells 

as possible will certainly be an important factor in reducing 

local chronic inflammation. Yoshimura et  al investigated 

the detrimental effects, in general, of chronic inflammation 

from fat grafts, highlighting the possibility of fat absorption 

and microcalcifications.24

Fibrotic Tissue

The filtration technology we used effectively removes fi-

brotic tissue from the lipoaspirate. This fibrotic tissue 

mainly originates from the septa of adipocytes broken 

during aspiration, to which is eventually added deep 

dermal tissue when the cannula becomes superficial to the 

skin. The fibrous tissue takes longer to be integrated and/

or absorbed, thus generating a prolonged inflammatory re-

sponse that can lead to higher fat absorption. Moreover, this 
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tissue can easily suffer calcification that can be misleading 

in future breast imaging, and therefore it is advantageous 

to remove as much as possible. Additionally, the import-

ance of oil cysts and calcifications in fat necrosis has been 

highlighted by various authors, with microcalcifications de-

tected in 25% of cases.25

Tissue Injection (Method and Timing)

All fat was grafted with identical bulb tip small injectors 

(1.2 mm), without any technical difficulties. Sforza et al have 

published an extensive study about the performance and 

safety of these injectors.26 Coleman has reported in detail 

how multiple injections with small volumes per passage 

are fundamental to achieving a lower reabsorption rate.12 

It should also be remembered that none of the patients 

received grafts into hostile recipient areas and the grafts 

were applied subcutaneously. This is noteworthy because 

it is reasonable to expect a greater percentage resorption 

at such sites, with these sites being absent in approaches 

directed at enhancing retention, such as enrichment with 

stromal vascular fraction cells.27,28

As explained in the description of our surgical tech-

nique, fat harvesting is performed after completion of the 

breast enlargement. We believe that the fat injections 

should be performed as soon as possible after harvesting 

and purification in order to improve cell viability.29 Sinno 

et al have provided a thorough review of the literature in 

an attempt to differentiate fat grafting fact from fiction; 

they also consider performing the injections swiftly to be 

ideal.30 A summary of the principles regarding fat prepara-

tion is shown in Table 3.

The Fear of Breast Cancer

The breast can be augmented or reconstructed in most 

cases relatively easily with implants or flaps. However, it 

is important to remember that, in the course of attempts 

to detect potential disease, the breast is subjected to fre-

quent radiologic and physical examinations, and more 

than 10% of women eventually develop breast cancer.31 

Thus, mimicking, obscuring, or causing breast cancer are 

concerns that surround any breast procedure or device, 

and this is particularly true with fat infiltration.

As we assess the value of breast fat infiltration, we 

need to distinguish 6 different scenarios, assessing 

them individually and thoroughly more often in the years 

to come:

 1. Supplementing breast reconstruction by improving 

contour irregularities

 2. Correcting defects after lumpectomy or other partial 

injuries

 3. Cosmetic breast enhancement and enlargement, in-

cluding hybrid approaches aimed at minimizing im-

plant size and better correction of volume asymmetries

 4. Camouflaging implants after breast augmentation

 5. Reconstruction after mastectomy solely by fat 

infiltration

 6. Hybrid breast reconstruction.

This is why many authors have dedicated their research to 

clarifying the issues involved.32

Surgeons’ Remarks

A 3D system to plan surgery can provide a great source of 

accuracy, and the algorithm used in this paper has proven 

to be able to guarantee high symmetry of breast enlarge-

ment based on a precise preoperative volume assessment 

and an accurate recommendation for the amount to be 

grafted, considering the variables involved (preoperative 

volume, implant volume reduction, and predictability of fat 

absorption rate).

However, if this technology is not available, a simple 

method for performing hybrid breast surgery can be de-

scribed as follows:

 • The breast implant volume (eg, 300 cc) is decided 

through discussion between the surgeon and pa-

tient. The new implant should be 15% to 20% smaller 

than the original one; 15% would be used for slim pa-

tients, and 20% for slightly broader-chested patients. 

Therefore, the new implant would be between 240 

and 255 cc.

 • The volume of fat to be grafted is then calculated by 

simply adding 30% to the implant volume removed. 

This 30% added volume is the average reabsorption 

rate according to our fat grafting technique.9 In this 

case, the fat grafted per breast would be around 58 to 

78 mL, depending on the implant chosen.

Table 3. Our Principles Regarding Optimal Fat Preparation

“Fresh” fat Tumescent infiltration at the start of the procedure, 

succeded by the breast augmentation surgery and then 

harvesting followed by purification and immediate grafting

“Small size” fat Small aliquots are obtained by harvesting with multihole 

2.4-mm or 3-mm cannulas

“Good quality” 

fat

Use a filtration/purification device to try to remove oil, 

red blood cells, white blood cells, and debris from the 

lipoaspirate

“Standardized” 

fat injection

Subcutaneous injection in small deposits—Coleman 

multitunnel injection technique with a bulb tip canula to 

ensure safety

8 Aesthetic Surgery Journal
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 • The fat grafted volume can then be distributed equally 

to the 4 breast quadrants according to the same tech-

nique described in this paper.

More than a decade ago, 2 major US meetings (the American 

Association of Plastic Surgeons and the Northeastern 

Society of Plastic Surgeons) gave Spear the opportunity 

to learn at first hand the views plastic surgeons held re-

garding fat infiltration of the breast.33 Spear reported that 

the plastic surgeons surveyed overwhelmingly endorsed 

fat infiltration to complement breast reconstruction, but as 

a group remained undecided about its use for cosmetic 

purposes. A clear shift quickly occurred following this, with 

cosmetic surgery embracing fat grafting worldwide.34 

It is clear that if there is a “will,” we are only missing 

the “way.” The future of hybrid procedures consists in re-

specting the following basic principles:

 - Create a concept for hybrid breast augmentation sur-

gery that provides reproducibility, predictability, and 

better surgical outcomes based on a safe 3D algorithm

 - Offer a procedure that reduces complications related 

to volume and silicone weight in breast surgery.

A wide variety of practitioners and industry partners have 

shed light on the importance of fat graft quality; however, 

this field is still in its early years in terms of scientific inves-

tigations. As we attempt to arrive at our conclusions, we 

suggest that we should measure and examine 5 factors 

for every potential application: efficacy, safety, cost, value/

work, and liability. While surgeons continue to explore this 

novel concept and share their experiences on new find-

ings, organized medical societies have the challenging re-

sponsibility of preaching caution without stifling progress.

Can hybrid procedures with fat and implants be the new 

normal? Most importantly, what keeps surgeons sceptical 

about it? The answer is, as we have described, complex, 

but it certainly springs from the lack of standardization of 

such surgeries in the past. With the accelerating speed of 

scientific advancement and dissemination of knowledge, 

this responsibility bears more weight and importance. 

Thus, for highly volatile topics such as this, it may be nec-

essary to review position papers or policy statements more 

frequently.35

Patients’ Remarks

Results from this investigation can aid in managing pa-

tient expectations prior to performing a grafting pro-

cedure. Regardless of volume injected, a patient’s 

perspective of their retained volume will be masked in 

part by initial swelling and edema. However, the fact 

that smaller grafts will have a correspondingly small ab-

solute volume of resorption will be difficult to perceive. 

At the other end of the spectrum, the larger absolute 

volume of resorption following implantation of a larger 

graft will be more visually apparent. In this case, there 

is an increased likelihood that the patient will notice 

the change, and believe there was poor graft reten-

tion. Armed with this knowledge, the surgeon can pro-

spectively inform their patient that perception will vary 

by volume, thus fostering an enhanced comprehension 

and avoiding a misunderstanding of expectations. An 

average hybrid breast augmentation result can be seen 

in Figure 7 and Supplemental Figure 1 (available online 

at www.aestheticsurgeryjournal.com).

Drawing the Pathway of a Future Safe 
Option Without Silicone Implants

Many surgeons would agree that the fate of patients 

with breast implants will be to have a capsular contrac-

ture large-volume breast implant at the end of their lives. 

Anecdotally, women who have breast augmentations at 

an early age will almost certainly have further surgeries 

to replace the devices throughout their lives unless the 

devices are removed. Moreover, in an attempt to avoid 

mastopexies when possible, surgeons tend to increase 

the volume of the replaced breast implants to compen-

sate for any excess skin that has developed with time. 

This maneuver is reasonable but ultimately does not 

help the scenario of stretched skin, capsular contrac-

ture, and aging .

In our model, the same patient will have her implants 

reduced in size over time, and the breast tissue will slowly 

be replaced by her own fat tissue. Eventually, at a mature 

age, and to reduce the probability of issues with the im-

plants, a simple removal of the now small device combined 

with a simple fat grafting, if needed, will generally result in 

a less devastating effect when compared to removing a 

large breast implant entirely. This is especially true if the 

patient has had the breast implants throughout her en-

tire adult life—as these would have become a part of who 

she has grown to be. We vehemently believe that guaran-

teeing the gradual replacement of silicone by autologous 

fat tissue is fundamental to ensuring a more aesthetic and 

natural breast in the years to come. Nonetheless, a breast 

completely free of silicone after a simple implant removal, 

but not aesthetically pleasing due to the leftover skin or 

with scars in an attempt to remove the same excess skin, is 

the current practice. Our procedure will gradually replace 

silicone with fat and will almost certainly give patients a 

much better breast shape after a simple removal. Spear 

has published extensively on the safety of fat transfer with 

predictable outcomes and focused the last decade of his 

career and his personal expertise on studying the safety 
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