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Background The BEAULI -method (Breast Augmentation by Lipotransfer) is available
for extraction and processing of large transplantable fat quantities. The aim of this work
is to describe the surgical technique precisely and reproducibly and to provide an
overview of the autologous fat transfer based on surgical experience.
Method The author performed 300 autologous fat transplantations on 254 women
between September 3, 2010, and May 13, 2015. Patients desiring moderate volume
increase, fuller and ﬁrmer breasts, as well as an optimization of the silhouette, ideally
with the concurrent desire of the correction of unwanted fat deposits, were selected.
The fat was extracted via water-jet assisted liposuction (Body-jet, Human Med AG,
Schwerin, Germany), and the fat cells were subsequently separated with the Lipocollector® (Human Med AG, Schwerin, Germany).
Results The results were assessed with a control exam and photo comparison and
were based on the responses on a questionnaire. Overall, 35.9% of the patients deﬁned
the result as very good, 38.6% as good, 22.4% as satisfactory, and 3.1% as poor.
Conclusion This study shows that the autologous fat cell transplantation into the
female breast via water-jet assisted liposuction achieves a moderate and harmoniously
appearing breast volume enlargement as well as contour improvement. Further studies
with more cases and longer observation periods over several years could contribute to
improving the method of the autologous fat transfer regarding the grow-in rate,
efﬁciency, and safety.

Autologous fat transfer for breast augmentation is gaining
more acceptance as an alternative to implants because only
autologous ﬁlling materials are used and because undesirable
fat can be removed from other regions as an additional
beneﬁt. The advantages of breast augmentation with autologous fat include the lack of reactive inﬂammation, foreign
body reaction, and scars as well as the natural-appearing
result with more volume, an improved contour, a fuller
cleavage, and natural consistency.
The competence and the experience of the surgeon, the
technique of the extraction and processing of the fat, as well

as the fat cell injection method are critical points regarding
patient safety and result. Other factors are patient selection,
the efﬁciency of the liposuction, the tumescent anesthesia,
the instruments, a minimal blood loss, a high rate of survival
of the transferred fat cells, and a minimal complication rate.1
The literature varies regarding stem cell enrichment, grow-in
rate, durability of the result, complications, limitations of
future preventive breast exams, and possible tumor induction. Ross et al concluded in their research of 103 publications that there is no consensus regarding the optimum
technique.2
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Table 1 Patient demographics, surgeries
Demographic
Female patients (n)

254

Patients operated one time (n)

214

Patients operated two times (n)

40

Patients operated three times (n)

2

Total number of surgeries (n)

300

Median age, years (range)  SD

35.8 (17–67)  9.7

Median weight, kg (range)  SD

62.3 (46–98)  8.8

Median BMI (range)  SD

22.5 (17.1–32.3)  3.01

Donor region for the liposuction (%)
Abdomen

60

Hip/groin region

59

Thigh

74

Fatty tissue transfer
Average ﬁlling volume on the right, mL (range)  SD

212 (70–350)  57.7

Average ﬁlling volume on the left, mL (range)  SD

202 (70–340)  61.3

Average ﬁlling volume total, mL (range)  SD

414 (140–690)  60.5

Surgeries with uneven ﬁlling volumes in the event of slight asymmetry (n)

70

Surgeries with one-sided ﬁlling in the event of severe asymmetry (n)

15

Average time of the surgery, min (range), SD

113 (80–165)  20.0

Abbreviations: BMI, body mass index (kg body weight/m2); SD, standard deviation.

This single-surgeon study addresses the practical aspects
of the gentle and rational fat recovery via water-jet assisted
liposuction, fat processing, as well as the reinjection of the
adipocytes. Exactly the same technique is used by the same
surgeon with a high caseload so that the results can be
considered reproducible.

Patients and Methods
The author performed autologous fat cell transplantation for
breast augmentation in 254 women between September 3,
2010, and May 13, 2015. Forty patients were operated twice,
and two patients, three times. Three hundred procedures were
performed in total (►Table 1). Women desiring a moderate and
naturally appearing volume increase of the breasts, ideally also

desiring a correction of unwanted fat deposits, were considered
(►Table 2). Contraindications were uncontrolled diabetes,
cardiovascular diseases, autoimmune disorders, infections, and
anticoagulation therapies. The surgery was chosen by 40% of the
patients based exclusively on the desire for a better breast shape.
51% of the women wanted a liposuction as well as a breast
augmentation, and in 9% of the patients there was the primary
desire for a liposuction. A volume asymmetry was corrected in
70 surgeries, and in 15 cases, only one breast was augmented.
The success was judged based on the before-and-after comparison of photos taken in a standardized manner and on the
subjective statements of the patients during the follow-up
exam and their answers on a questionnaire. The average
follow-up was 24.5 months (0.5 to 56 months). The patients
were informed preoperatively about the risk of calciﬁcations as

Table 2 Indications
Implants

Autologous fat transfer

Desire for large volume increase

Desire for moderate, harmonious volume increase and a contour
improvement; “gentle” and naturally appearing breast forming

Foreign body does not matter

Aversion against foreign material

Smoker

Nonsmoker

BMI < 18.5

Normal weight or slightly overweight

Refusal of a liposuction

Concurrent desire for the correction of the body proportions
2

Abbreviations: BMI, body mass index (kg body weight/m ).
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well as the volume gain to be expected in the sense of ﬁrmerappearing breasts (100 to 150 mL volume increase or approximately one-half cup size). A preoperative mammography and/or
sonography was performed in patients above the age of
40 years.3 Photos of the breasts from a frontal and lateral
perspective documented the preoperative ﬁndings. The procedures occurred under perioperative antibiosis with 2  500 mg
cefuroxime as well as prophylactic low-dose heparinization.

Inﬁltration and Lipoaspiration
All procedures were performed in an ambulatory setting with
patients under local anesthesia and under sedation with
7.5 mg Midazolam (Dormikum®, Roche, Basle, Switzerland)
taken orally and additional sedation with a gas mixture of 50%
nitrous oxide and 50% oxygen (Entonox®, The Linde Group,
Munich, Germany). The patient retained consciousness and
could turn into an optimum position by herself, which made
the liposuction easier to perform.
The anesthesia ﬂuid preheated to 37°C was distributed in the
subcutaneous fat layer in a fan-shaped manner through an
opening with an angle of 30 degrees longitudinally at the end
of the cannula. The solution was inﬁltrated with a pulsating ﬂow
of 110 mL/min and a pressure of 50 bars. The cannula was slowly
moved back and forth in a fan-shaped manner following the
pulsating jet spray and turned around the longitudinal axis at the
same time. This allowed for a painless and gentle inﬁltration of
the entire subcutaneous fat layer. Preinﬁltration was beneﬁcial
for very sensitive patients, where only small volumes of the
solution were ﬁrst inﬁltrated into the marginal area of the
suction zones (“ring block”) and in sensitive areas (bony prominences, belly button). The tissue was not ﬁrmly ﬁlled as in the
typical tumescent technique (which could damage the fat cells
due to pressure or osmosis), but instead this technique entailed a
basic inﬁltration of the subcutaneous fatty tissue. The inﬁltration
at the breasts started in a ring-shaped manner around the
breasts and then the subcutaneous and subglandular layers
were preinﬁltrated.
Suctioning was performed with a double-lumen cannula
with a length of 25 cm and a diameter of 3.8 mm (►Fig. 1).
The anesthesia ﬂuid was distributed in the tissue in a fanshaped manner at the tip of the cannula analogous to the
preceding inﬁltration phase. Four lengthwise oval suctioning
openings arranged laterally/circularly in a distance of 25 mm
to the tip of the cannula and with an effective diameter of

Fig. 1 Cannula for simultaneous irrigation and aspiration (Human
Med AG, Schwerin, Germany). The adipocytes are gently released by
water, not fragmented or liqueﬁed by physical power of the cannula.

Fig. 2 Schematic view of the Lipocollector (Human Med AG, Schwerin,
Germany). A sieve with 2.0-mm narrow slits ﬁlters coarser connective
tissue structures and larger fat particles from the aspirate, which have
a poor grow-in rate. A ﬁne ﬁlter with a pore diameter of 250 μm
separates the harvested fat cells from the excess liquid.

0.9 mm enabled the recovery of sufﬁciently small fat cell
complexes so that these did not clog the 2-mm fat ﬁlling
cannulas. The pressure was limited to a maximum of 0.55
bar to handle the fat cells as gently as possible. The adipocytes
were ﬂushed out of their extracellular matrix with a pulsating
water jet (pressure 30 bars, ﬂow 90 mL/min) under slow,
uniform back-and-forth motions and were gently
aspirated. ►Table 1 lists the distribution of the donor regions.

Fat Processing and Reinjection
The aspirate was collected by the interconnected, sealed, and
sterile collector. A sieve with 2.0-mm slits ﬁltered the coarser
connective tissue structures and larger fat particles from the
aspirate, which have a poor grow-in rate. A ﬁne ﬁlter with a
pore diameter of 250 μm separated the harvested fat cells
from the excess liquid. ►Fig. 2 shows a schematic of the
collector. ►Fig. 3 shows the conclusion of the liposuction. A
residual amount of 15% liquid remained; this dilution is
desirable as it allows for a gentle reinjection of the fat cells and
supports their even distribution in the host tissue. After the
conclusion of the liposuction, the adipocytes were transferred
in a sterile manner without contact to air into ﬁrst 60-mL and
then 10-mL syringes (►Fig. 4).
The fat cells were reinjected through two small lateral
caudal and parasternal stab incisions with a respective distance of 2 cm to the breast (►Fig. 5). A 2-mm cannula (12
gauge) with a length of 150 mm and two lateral openings at
the end of the cannula was used. The inﬁltration exclusively
occurred in the subcutaneous and subglandular fat layer as
well as in the area of the pectoralis muscles but never intraglandularly. The upper body of the patient was angled by 45
degrees for the inﬁltration and the arms rested on the side of
the body. The tissue was less tense this way and the cannula
could be guided more easily and more precisely. The inﬁltration occurred via a gentle, even pressure onto the syringe
plunger while pulling the cannula back at the same time. The
cannula was thereby continuously rotated from left to right.
The adipocytes were thus distributed linearly like a string of
The Surgery Journal
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Fig. 5 The reinjection of the fat cells is implemented from two
incisions in a fan-shaped manner and in all layers. The inﬁltration
occurs via a gentle, even pressure onto the syringe plunger while
rotating and pulling the cannula back at the same time. The tissue
must not be “overﬁlled” to protect the fat cells from an additional
pressure.

Results

pearls and in ﬁne portions. The entire breast including the
neckline was evenly inﬁltrated in a fan-shaped manner and in
all layers (“three-dimensional ﬁlling”) from the two stab
incisions. The goal was a honeycomb structure of microtunnels with a thickness of 2 to 3 mm. This approach is
required so that the diffusion distance is as small as possible
and so that as many fat cells as possible can connect to a blood
vessel. The tissue must not be “overﬁlled” to protect the fat
cells from an additional pressure. The volume was around 100
to 120 mL in small, ﬁrm breasts and 250 to 300 mL in larger,
rather ﬂaccid breasts. The mean value of the inﬁltrated
volume was 207 mL per side (70 to 345 mL) in our series.
The average time of the surgery (including liposuction) was
113 minutes (80 to 165,  20.0 standard deviation).

Very good to good results in improvement of contour and
increase in volume were achieved in 74.5% of the cases. The
results were assed as very good by 35.9% of the patients, as
good by 38.6%, as satisfactory by 22.4%, and as poor by 3.1%
(►Fig. 6); 33.7% of the patients subjectively identiﬁed the
success primarily as a feeling of fuller and ﬁrmer breasts,
30.3% named the improvement of the silhouette ﬁrst; 12.1%
primarily described an increased chest measurement; and
23% noticed only a minor difference (►Fig. 7). Mainly
elderly patients fall into the minor difference category,
where only small amounts of autologous fat could be
extracted, or when patients lost weight in the meanwhile.
Objectively, there was a mostly clear difference to be seen in
the before-and-after photos in all cases of patients undergoing a follow-up exam (►Figs. 8 to 19). Overall, 39.4%
would undergo another transfer surgery to achieve even
more breast volume, 29.5% were uncertain, and 31.1% did
not want another procedure.

Fig. 4 The pure transplantable fat, ready for reinjection, is transferred into
syringes. It takes on average 60 minutes to harvest 600 mL of fat tissue.

Fig. 6 Degree of satisfaction.

Fig. 3 Lipocollector ® (Human Med AG, Schwerin, Germany) after
completion of the liposuction.
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Fig. 7 Subjective assessment of the result.
Fig. 10 Preoperative view of a 39-year-old woman requesting breast
augmentation.

Fig. 8 A 35-year-old patient, preoperative view.

Fig. 11 Postoperative view of patient in ►Fig. 10 at 1 year after
breast augmentation with 280 mL fat in each breast.

Fig. 9 Patient in ►Fig. 8 after two sessions of breast lipoﬁlling,
6 months after the last procedure (injections of 240 and 150 mL,
respectively).

Fig. 12 Preoperative photos of a 38-year-old woman.
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Fig. 13 One-year postoperative view of patient in ►Fig. 12 following
breast ﬁlling with 240 mL in each breast.
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Fig. 16 Preoperative view of a 27-year-old patient.

Fig. 14 A 35-year-old patient, preoperative view.

Fig. 17 Patient in ►Fig. 16 after two operations of breast augmentation (ﬁlling of 140 and 250 mL, respectively), with no more
volume loss even 2 years after the last session.

Fig. 15 Postoperative photos of patient in ►Fig. 14 at 1 year and
6 months after breast augmentation with 250 mL in each breast.

Fig. 18 Preoperative view of a 52-year-old patient.
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Fig. 19 Postoperative photo of patient in ►Fig. 18 after breast
augmentation with 220 mL fat in each breast with satisfactory result
even 3 years und 3 month after the operation.

Postoperative complications such as infections, necrosis,
hemorrhages, seromas, or thromboembolic events did not
occur after any of the 300 surgeries. Other than the usual
swelling and tenderness on palpation, temporary redness or
skin irritations were reported only rarely, and postoperative
subcutaneous hematoma was observed in 13 cases (4.3%); all
of these ﬁndings disappeared within 6 months. Contour
irregularities occurred in 6 cases (2%) and asymmetries in 5
cases (1.6%). In the postoperative phase, 36.1% of the patients
deﬁned the pain as low, 47.2% as bearable, and 16.7% as rather
severe. The incapacity to work (ofﬁce work) after the procedure was up to 2 days in 45.7% of the cases, between 3 and
4 days in 40.3%, and between 5 and 7 days in 14%.

Discussion
The method of the autologous fat cell transplantation for the
correction of body defects or for cosmetic indications developed from liposuction for the correction of the body proportions. Various methods of extraction, processing, and transfer
have been described. The effectiveness and healing rates are
also a topic of discussion. Fournier was able to demonstrate
that intact adipocytes can be harvested via syringe aspiration.4 Coleman proved that with the lipostructure method it
is generally possible to transplant autologous fat cells successfully.5 However, his method is very time-consuming: a
procedure takes 6 to 8 hours. Li reported in 2014 more than
105 surgeries of autologous fat transfers into the female
breast, whereby a signiﬁcant increase in volume and an
improvement of the form was achieved in all cases.6
The goal of an autologous transfer is to achieve a maximum, sustainable volume increase in the host area. Unprocessed fat contains three main components: intact fat cells,
liqueﬁed fat, and serosanguineous ﬂuid. These components
must be separated to achieve an optimum concentration of
intact adipocytes without any blood or oil mixed in. Fat cells
do not tolerate excessive manipulations such as supercooling,
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freezing, mechanical stress, or substantial pressure ﬂuctuations. Traumatic fat extraction, incorrect cannulas, too much
negative pressure, blood mixed in, exposure to air, and
contamination are possible causes for a failure. The age of
the patient, genetic dispositions, and smoking and nutritional
habits also have an impact on the result.7,8
A prerequisite for the survival of fat cells is that the surfaceto-volume ratio is as large as possible. Small, drop-shaped
transplants have a relative large surface in comparison with
larger fatty tissue pieces. This accelerates the vascularization
and leads to a better rate of resorption. To achieve a high rate of
survival of larger transplant volumes, large quantities of
sufﬁciently small fatty tissue packages must be distributed
absolutely evenly and ﬁnely in the well-perfused host tissue.
The survival of transferred fat cells prior to the connection to a
blood vessel depends on diffusion. It can be assumed that fatty
tissue pieces with a maximum diameter of 1 mm will grow in.9
It takes between 24 hours and 4 days for the angiogenesis
around the fat particles to begin.5,10 It is therefore important
that no pressure is exerted onto the host area and that the body
temperature does not drop. The extracorporeal time of survival
of adipocytes is 4 to 6 hours at moderate temperatures, and
longer surgery times should therefore be avoided.11

Anesthesia and Thrombosis Prophylaxis
Autologous fat transfer is nowadays performed under local
anesthesia. The question if general anesthesia should be
preferred due to the potentially damaging effects of lidocaine
on the cell vitality is not clearly answered.12,13 Shiffman
recommends a general anesthesia or a regional anesthesia
because the Klein solution is unphysiologic and the fat cells
absorb ﬂuid due to the oncotic gradient.10
The early mobilization, the use of compression clothing,
the hemodilution effect of the Klein solution, and the thrombocyte aggregation-inhibiting effect of lidocaine are factors
that support the thrombosis prophylaxis. Individual cases of
pulmonary embolisms have been described in the literature.14 A thrombosis prophylaxis with low-dose heparin
(20 mg per day, subcutaneously) appears to be indicated
for fat cell transfer into the breast. The question if heparinization can improve the rate of resorption remains open.

Donor Zone
The wishes of the patient are primarily followed regarding the
donor zone. Chiu concluded that even a body mass index below
18.5 does not present a contraindication for a fat transfer.15
Rohrich et al compared fat extracted with liposuction from
different donor zones and did not ﬁnd differences in regard to
the viability of the fat cells.16 Small et al also concluded that the
grow-in rate is not affected by the donor zone.17 If the transplant
originates from “primary fat depots,” so from diet-resistant or
genetic zones, then it can be assumed that this characteristic is
also maintained in the host zone. Fat cells with α2 receptors are
antilipolytic and react poorly to diets. These adipocytes react less
to future weight ﬂuctuations and appear to have a better rate of
survival than adipocytes with β1 receptors.18 Studies show that
the breast volume increased disproportionately in patients
gaining weight after an autologous fat transfer from dietThe Surgery Journal
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resistant zones and the liposuctioned zones only exhibited
minor changes.13

Tumescent Solution
The possible damaging metabolic and inﬂammatory effects of
lidocaine on the donor fat and the host zone are not clear.13
Lidocaine can inhibit the glucose transport of cell cultures in
vitro in concentrations from 0.05 to 0.1%. Moore et al,
however, observed this effect only in the event of direct
contact of the fat cells to the anesthetic.19 The same authors
postulated that these potentially unfavorable effects on the
cell viability can only be observed during the effective period
of the local anesthetic (lidocaine: 1 to 3 hours) and additionally is reversible. Keck et al analyzed human preadipocytes
previously treated with different local anesthetics and NaCl.12
The direct effects of mepivacaine and ropivacaine were
moderate. However, increased damage was observed in cells
treated with articaine/epinephrine. Lidocaine is therefore still
the preferred local anesthetic with a vitality rate of 80% (in
comparison with 90% in the NaCl control). Keck et al analyzed
the effect of the pH value of the substances of the tumescent
solution on the cell viability of the adipocytes and concluded
that the viability in the buffered solution is up to 11% higher
than in the nonbuffered solution.12
“Blood is the enemy of fat”20: blood mixed in with the
transplant can lead to an inﬂammatory reaction of the fatty
tissue and stimulate the macrophage activity. Cells are resorbed
as a result. Blood can also inhibit the neovascularization and is a
good culture medium for the growth of bacteria. The addition of
adrenaline to the Klein solution is therefore imperative. Adrenaline as a vasoconstrictor does not appear to affect the viability of
the fat cells.19 The capillaries of the fatty tissue are extremely
sensitive to epinephrine; the addition of adrenaline to the Klein
solution therefore leads to a distinct vasoconstriction and thus
efﬁciently stops the bleeding.

Liposuction
By means of water-jet assisted liposuction (WAL), the fat is
gently ﬂushed out of the tissue by the water jet, which leads
to a higher viability of the lipoaspirate and improved rates of
survival of the fat cells in comparison with common liposuction methods.21 Our cannulas have a 0.9-mm opening, which
allows us to harvest adipocytes atraumatically and in sufﬁciently small particles without clogging the cannula. Histologic analyses showed that the membranes of the cells
rupture and fat cells evaporate with suction stronger than
0.5 bar.22 We limit the pressure during the aspiration to
0.5 to 0.55 bar. An even lower negative pressure clogs the
suction cannula and reduces the efﬁciency of the fat recovery.3 The fat should also not be exposed to abrupt pressure
ﬂuctuations, for example, when the liposuction is interrupted. The aspirate should not come into contact with air,
which can impair the quality of the adipocytes.14

Fat Processing
The goal of the processing is to concentrate the aspirate regarding adipocytes, growth factors, and stem cells and to separate
these from blood, serum, and destroyed fat cells. Some authors
The Surgery Journal
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propagate the centrifugation or the sedimentation of the aspirate for the separation of water, blood, and free lipids.14,20
However, excess centrifugation can destroy the adipocytes and
the fat stem cells. In the BEAULI-method (Breast Augmentation
by Lipotransfer), the fat cells are concentrated sufﬁciently via the
water jet technique and functioning of the collector with ﬁlter
and sedimentation effect so that centrifugation (and its damage
to the cells) is not necessary. The traumatizing effect on the
sensitive fat cells and the fact that washing destroys the microenvironment of the cells (collagens, vessels, proteins, proteases,
enzymes, electrolytes) speaks against washing the aspirate; also,
the ﬁbrin, which stabilizes the adipocytes in the wound site, is
ﬂushed out.23

Bioactivators
The Celution® System (Cytori Therapeutics, San Diego,
California, United States) is supposed to be able to isolate
stem and regenerative cells from the fatty tissue. However,
Peltoniemi et al proved that this method of the stem cell
enrichment does not show any advantages over the WAL fat
recovery method but does incur additional expenses, loss of
time, and an increased risk of infection.24 McArdle et al
concluded that stem cell procedures are to be rejected in
aesthetic surgeries due to the lack of clinical evidence and the
risk for the patient.25
Yoshimura et al described the method of the cell-assisted
lipotransfer.26 Their reﬂections are based on the observation that
aspirated fat contains fewer vessels than intact fat and has a deep
concentration of adipose-derived stromal cells/stem cells (ASCs).
The stromal vascular fraction (SVF), which includes the ASCs, is
isolated from one-half of the recovered fat via enzymatic collagen digestion reactions of the extracellular matrix, centrifugation, and electrolysis. This fraction is then mixed with the other
half of the aspirated fat. This process makes it possible to harvest
ASC-rich fat from a relatively ASC-poor fat aspirate. Tabit et al
found that the additions of ASCs recovered from the SVF could
promote the grow-in rates and the survival of fat transplants.27
Brayﬁeld et al described the possibility of isolating ASC from the
human fatty tissue, which can develop into pure adipocytes.28
The authors especially pointed out the angiogenic potential of
the ASCs and emphasized the signiﬁcance of these cells in the
area of transplantation. Philips et al concluded that the ASCs will
play an important role in grow-in rate improvements in autologous fat transplantations.29 Multiple cells can be typiﬁed from
the SVF based on the surface cell markers—in addition to the
ASCs already mentioned, also endothelial progenitor cells and
pericytes. Largo et al studied the SVF in regard to cell quality and
composition and demonstrated a negative correlation between
the age of the patient and the relative progenitor cell count,14
which could indicate a reduced vascularization potential or a
poorer grow-in rate. The authors concluded that the endothelial
progenitor population of the freshly isolated SVF or the lipoaspirate could support the neovascularization of the transplanted fat cells. Ueberreiter et al postulated that stem cell
enrichment does not promote the grow-in rate of the adipocytes
but rather the proximity to a blood vessel is decisive.3
A potential problem in breast enlargement is that the fat
cells serve as expanders and as natural tissue ﬁller at the same
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time. The tension in the tissue can impair the blood ﬂow in
the host, can cause local ischemia, and thus can reduce the
grow-in rate. Khouri and colleagues therefore recommended
to expand the tissue with the nonsurgical BRAVA®-system
(Taureon Ltd, London, United Kingdom) beforehand.30,31
However, this technique can also lead to pain, edema, and
tissue irritations, and in addition, the compliance is to be
classiﬁed as rather low.

Cryoconservation of Fat
Cryoconservation of fat would be desirable to reduce the
number of liposuctions in the event of a repeated fat transfer.
Raskin found great differences in regard to the temperature
(þ4°C to 70°C, slow or fast freezing and thawing) and the
duration of the conservation (up to 3 years) in his literature
research.32 The studies analyzed the conserved fat in regard
to changes in volume, weight, histologic parameters, viability,
stem cell concentration, bacterial contamination, and clinical
courses. The data in the literature allows for the conclusion
that a cryoconservation of the fat cannot be considered due to
the possible complications and the reduced resorption rates.
Matsumoto et al recommended to inﬁltrate the aspirated fat
as soon as possible; they found an increase in the oil volume
within 4 hours at room temperature.11

Reinjection
The inﬁltration is a decisive factor for a successful fat cell
transplantation. No matter how good the quality of the fat cells
is, if the transplant is distributed unevenly, in clumps, in incorrect layers, or with an excess pressure during the ﬁnal inﬁltration, then failure is certain. The diameter of the inﬁltration
cannula should be at least 18 gauge as the metabolic activity of
the particles can be impaired by the pressure during the
injection otherwise. We work with cannulas with a length of
150 mm, a diameter of 2 mm, and two lateral openings offset by
180 degrees with a diameter of 1.2 mm. This guarantees that the
fat particles are distributed evenly and with minimal trauma to
the host tissue and that the cannula does not become clogged.
The fat particle injections occur in the subcutaneous, subglandular, and interpectoral fat layer, never in the mammary gland
tissue. Herold et al found a volume preservation of 81% in the
periglandular fatty tissue and a volume preservation of 64%
in the muscle at 6 months after the fat cell transplant in a MRIvolumetrically measured series.33 The pectoralis muscles are
thus a possible additional target volume to increase the safely
injectable total volume.
It is not possible to improve the ﬁnal volume increase by an
overﬁlling; overﬁlling results in necrosis and overgrafting
results in loosing fat. The additional pressure generated
thereby can impair the blood ﬂow, destroy fat cells, and
thus increase the risk for the formation of cysts and calciﬁcations. If a greater volume increase is desired, then it is
recommended to proceed in several visits in at least 4-month
intervals with a lower transplant volume. Hoppe et al recommended four to six lipotransfers over a period of 2 years for
a total breast reconstruction. A patient satisfaction of 95% as
achieved in 28 cases this way.34 Harder et al repeated the fatty
tissue transfer up to four times.35
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Results
Success was based on the subjective statements of the
patients as well as the before-and-after comparison of photos
taken in a standardized manner. Volumetric evaluations via
magnetic resonance imaging (MRI) appear to be the superior
method regarding the concurrent veriﬁcation of structural
changes and the accuracy of the results. These measurements
showed that the largest decline in volume occurred during
the ﬁrst 4 weeks, and only minimal changes were registered
thereafter. Harder et al studied autologous fat transfer after
breast surgeries and assumed that the resorption process is
concluded after 4 to 6 months.35
Ueberreiter et al performed autologous breast reconstruction
in 85 patients with the WAL technique.3 An MRI was performed
preoperatively and in 72 cases at least 6 months postoperatively.
The grow-in rate was 76%, resulting in a net volume increase of
the breast of approximately 51.7% of the injected volume. Other
authors used MRI to quantify the grow-in rate relative to graft
volume with the WAL technique: Herold et al analyzed 10
patients and found an uptake of 77%,33 and Peltoniemi et al
studied 8 patients and found an uptake of 80%.24 For comparison,
various studies evaluated the grow-in rate after fat transfer with
techniques other than WAL. In a study on fat transfer with
preexpansion, Del Vecchio and Bucky reported an increase in
volume of 106%,36 relative to initial breast volume. A further
study by Del Vecchio showed an uptake of 62%.37 Khouri et al
studied 71 procedures and found a graft survival of 82%.38
Fiaschetti et al combined the fat transfer with platelet-rich
plasma in 15 patients; the average uptake was 84%.39 Largo
et al determined the breast volumes with a three-dimensional
laser scanner,14 with fat survival rates varying between 25 and
90% even with the same surgeon and identical surgical techniques. Choi et al analyzed the grow-in rate after 140 days
depending on the inﬁltrated volume. An inﬁltration of 151 mL
resulted in a grow-in rate of 52%, and an inﬁltration of only 51 mL
resulted in a grown-in rate of 27%.40

Complications
Poor grow-in rates can be the result of mixed-in blood,
infections, incorrect extraction techniques, an excessive vacuum, ﬁbrous donor zones, the injection of too-large transplant portions, or the use of destroyed adipocytes.
Calciﬁcations can occur as in any breast surgery. According
to Largo et al,14 the literature speciﬁes the risk for calciﬁcations and oil cysts to be up to 50%, and Ueberreiter et al
described a frequency of 4.5%.3 In a literature survey of 60
publications with 4,601 patients by Claro et al,41 complications occurred in 3.9%, most of which were indurations and/or
palpable hardenings. The multicenter study by Agha et al
comprised 3,624 patients; fat necrosis occurred in 4.4% and
biopsies were necessary in 2.7%.42
The preoperative testing for white blood cell count, blood
sugar, hepatitis, and HIV should exclude patients with an
increased risk for infection. Active sources of infection (tonsils, abscesses) are contraindications for a fat transfer. Infections can be reduced via a strictly aseptic surgical technique,
and the use of a closed suction and processing system without
air contact. The inﬁltrate should be free of blood, and the
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surgery times should be within a reasonable range. Repeated
disinfection of the injection site at each new insertion of the
cannula, strict prevention of touching the cannula, and a
prophylaxis with antibiotics offer additional safety.

Preventive Breast Exams Using Imaging Methods and
Tumor Induction
Microcalciﬁcations, cysts, or bridles can be observed after any
breast surgery and can be concomitant to the preventive exams.
Veber et al could not demonstrate any signiﬁcant differences in
regard to calciﬁcations and cystic lesions in a comparative study
of mammographies after a breast ﬁlling.43 Petit et al documented
a deep complication rate and no limitations of radiologic preventive exams in a multicenter study with 646 lipoﬁlling
patients.44 According to Coleman, calciﬁcations do not occur
more frequently during lipoﬁlling than in other breast procedures.45 Rubin et al found fewer radiologic abnormalities in 27
patients following autologous fat breast augmentation than in a
comparison group with 23 patients.46 In the literature compilation of Claro et al,41 radiographic anomalies were observed in
13% of 2,560 women undergoing surgery, more than half of them
in the form of cysts. Imaging techniques such as mammography,
sonography, and MRI allow differentiation of calciﬁcations in
connection with malignant processes and benign calciﬁcations
caused, for example, by breast surgeries or ﬁlling procedures.14,47 Kim et al sonographically detected fat necrosis and
cysts in 17.6% of 102 patients, and the fat resorption rate was
32.9%.48 So far, there has been no reported case of a delayed
mammary carcinoma diagnosis due to calciﬁcations after an
autologous fat transfer.49
No negative consequences, especially regarding the development of a carcinoma, have been described since the ﬁrst
publication of autologous fatty tissue transplantations more
than 100 years ago, even after long follow-up.3 Kronowitz
et al identiﬁed patients who underwent mastectomy for breast
cancer followed by reconstruction with and without lipoﬁlling.50
Recurrence was observed in 1.3% of 719 breasts with lipoﬁlling
and in 2.4% of controls without lipoﬁlling. Rigotti et al compared
the incidence of local and regional relapses of mammary
carcinoma in 2010 in 137 patients who underwent an autologous fat breast reconstruction following a radical mastectomy.51
After a mean observation period of 7.6 years, there was a
comparable incidence of local relapses. In the compilation of
Claro et al of 616 patients,41 the rate of a local relapse in the
breast reconstruction with autologous fat after ablation was
2.3%. Illouz and Sterodimas followed 230 patients after an
autologous fat transfer into the breast for 11.3 years on average.7
The annual mammograms did not show an increased incidence
of breast lesions. Fraser et al did not ﬁnd an increased carcinoma
incidence in the review of several clinical studies with autologous fat transfer in more than 2,000 patients.52 A meta-analysis
of 35 studies with 3,624 patients after autologous fat transfer
from the year 2015 did not show a signiﬁcant difference in
comparison with the control group in regard to the carcinoma
frequency.42 In accordance with these studies, the American
Society of Plastic Surgeons in 2009 also came to the conclusion
that the success of autologous fat transfer possibly depends on
the technique and the experience of the surgeon.53
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Conclusion
The transplantation of autologous, viable adipocytes and preadipocytes for the purpose of a contour improvement or a
volume increase has become a routine procedure. Different
methods of the fat recovery, processing, and injection are
described in the literature. Further randomized studies with
high case numbers, long-term follow-up, and the generation of
standards to be able to reproduce the results as well as qualitative-quantitative analyses of the augmentation volume are
necessary. The use of additives for the bioactivation of transplant
and host tissue to increase the resorption rate is of substantial
interest and must be studied further. All potential methods for
the further optimization of the resorption rate should not affect
the safety of the fat transfer of large volumes and should be
practically feasible with reasonable effort.
Exogenous ﬁllers such as silicone, collagen, and hydroxyapatite but also autologous materials such as skin ﬂaps and
local or free ﬂaps have signiﬁcant disadvantages and can lead
to disappointing results. Some patients are afraid of the
possible problems of the implants such as foreign body
reactions, scars, asymmetries, pain, volume losses, capsule
contractures, unevenness, or an unnatural appearance. The
autologous fat cell transplantation into the female breast via is
a good and safe method to achieve a gentle, harmoniously
appearing breast volume enlargement as well as a sustainable
and naturally appearing contour improvement. Selected and
educated patients who have an aversion against foreign
bodies and desire fuller breasts or a compensation of asymmetries are very satisﬁed with the results of this method,
which is continuously gaining signiﬁcance.

References
1 Largo RD, Tchang LA, Mele V, et al. Efﬁcacy, safety and complica-

2

3

4
5
6

7

8

9

tions of autologous fat grafting to healthy breast tissue: a systematic review. J Plast Reconstr Aesthet Surg 2014;67(4):437–448
Ross RJ, Shayan R, Mutimer KL, Ashton MW. Autologous fat
grafting: current state of the art and critical review. Ann Plast
Surg 2014;73(3):352–357
Ueberreiter K, von Finckenstein JG, Cromme F, Herold C, Tanzella
U, Vogt PM. BEAULI™—eine neue Methode zur einfachen und
zuverlässigen Fettzell-Transplantation. Handchir Mikrochir Plast
Chir 2010;42(6):379–385
Fournier PF. Fat grafting: my technique. Dermatol Surg 2000;
26(12):1117–1128
Coleman SR. Structural fat grafting. Aesthet Surg J 1998;18(5):
386–388
Li FC, Chen B, Cheng L. Breast augmentation with autologous fat
injection: a report of 105 cases. Ann Plast Surg 2014;73(Suppl 1):
S37–S42
Illouz YG, Sterodimas A. Autologous fat transplantation to the
breast: a personal technique with 25 years of experience. Aesthetic
Plast Surg 2009;33(5):706–715
Alexander RW. Use of platelet-rich-plasma to enhance effectiveness of autologous fat grafting. In: Shiffman MA, ed. Autologous
Fat Transfer. Berlin, Heidelberg, Germany: Springer; 2010:87–112
Yoshimura K, Eto H, Kato H, et al. Adipose stem cells: from
liposuction to adipose tissue engineering. In: Illouz YG, ed.
Adipose Stem Cells and Regeneration Medicine. Berlin, Heidelberg,
Germany: Springer; 2011:67–81

Breast Augmentation by Water-Jet Assisted Autologous Fat Grafting

Muench

10 Shiffman MA. Commentary. In: Shiffman MA, ed. Autologous Fat

32 Raskin BL. Cryopreserved fat. In: Shiffman MA, ed. Autologous

Transfer. Berlin, Heidelberg, Germany: Springer; 2010:463–465
Matsumoto D, Shigeura T, Sato K, et al. Inﬂuences of preservation
at various temperatures on liposuction aspirates. Plast Reconstr
Surg 2007;120(6):1510–1517
Keck M, Janke J, Ueberreiter K. Viability of preadipocytes in vitro:
the inﬂuence of local anesthetics and pH. Dermatol Surg 2009;
35(8):1251–1257
Alexander RW. Autologous fat grafting: a study of residual
intracellular adipocyte lidocaine. In: Shiffman MA, ed. Autologous Fat Transfer. Berlin, Heidelberg, Germany: Springer; 2010:
445–450
Largo RD, Häcki J, Güven S, et al. Autologe Fetttransplantation in die
weibliche Brust. Schweiz Med Forum 2011;11(28–29):489–494
Chiu CH. Autologous fat grafting for breast augmentation in
underweight women. Aesthet Surg J 2014;34(7):1066–1082
Rohrich RJ, Sorokin ES, Brown SA. In search of improved fat
transfer viability: a quantitative analysis of the role of centrifugation and harvest site. Plast Reconstr Surg 2004;113(1):391–395,
discussion 396–397
Small K, Choi M, Petruolo O, Lee C, Karp N. Is there an ideal donor
site of fat for secondary breast reconstruction? Aesthet Surg J
2014;34(4):545–550
Shiffman MA. Fat transfer principles. In: Shiffman, ed. Body Contouring. Berlin, Heidelberg, Germany: Springer; 2010:577–585
Moore JH Jr, Kolaczynski JW, Morales LM, et al. Viability of fat
obtained by syringe suction lipectomy: effects of local anesthesia
with lidocaine. Aesthetic Plast Surg 1995;19(4):335–339
Shiffman MA. Principles of autologous fat transplantation. In:
Shiffman MA, ed. Autologous Fat Transfer. Berlin, Heidelberg,
Germany: Springer; 2010:11–17
Yin S, Luan J, Fu S, Wang Q, Zhuang Q. Does water-jet force make a
difference in fat grafting? In vitro and in vivo evidence of improved
lipoaspirate viability and fat graft survival. Plast Reconstr Surg
2015;135(1):127–138
Shiffman MA, Mirrafati S. Fat transfer techniques: the effect of
harvest and transfer methods on adipocyte viability and review of
the literature. Dermatol Surg 2001;27(9):819–826
Kaminski MV, Lopez de Vaughan RM. Fat autograft retention with
albumin. In: Shiffman MA, ed. Autologous Fat Transfer. Berlin,
Heidelberg, Germany: Springer; 2010:123–133
Peltoniemi HH, Salmi A, Miettinen S, et al. Stem cell enrichment
does not warrant a higher graft survival in lipoﬁlling of the breast:
a prospective comparative study. J Plast Reconstr Aesthet Surg
2013;66(11):1494–1503
McArdle A, Senarath-Yapa K, Walmsley GG, et al. The role of stem
cells in aesthetic surgery: fact or ﬁction? Plast Reconstr Surg 2014;
134(2):193–200
Yoshimura K, Sato K, Aoi N, Kurita M, Hirohi T, Harii K. Cell-assisted
lipotransfer for cosmetic breast augmentation: supportive use of
adipose-derived stem/stromal cells. Aesthetic Plast Surg 2008;
32(1):48–55, discussion 56–57
Tabit CJ, Slack GC, Fan K, Wan DC, Bradley JP. Fat grafting versus
adipose-derived stem cell therapy: distinguishing indications,
techniques, and outcomes. Aesthetic Plast Surg 2012;36(3):
704–713
Brayﬁeld C, Marra K, Rubin JP. Adipose stem cells for soft tissue
regeneration. Handchir Mikrochir Plast Chir 2010;42(2):
124–128
Philips BJ, Marra KG, Rubin JP. Adipose stem cell-based soft tissue
regeneration. Expert Opin Biol Ther 2012;12(2):155–163
Khouri RK, Rigotti G, Cardoso E, Khouri RK Jr, Biggs TM. Megavolume autologous fat transfer: part I. Theory and principles. Plast
Reconstr Surg 2014;133(3):550–557
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

Fat Transfer. Berlin, Heidelberg, Germany: Springer; 2010:
305–311
Herold C, Ueberreiter K, Cromme F, Grimme M, Vogt PM. Ist eine
intramuskuläre Injektion bei autologer Fetttransplantation zur
Mamma sinnvoll? Eine MRT-volumetrische Studie. Handchir Mikrochir Plast Chir 2011;43(2):119–124
Hoppe DL, Ueberreiter K, Surlemont Y, Peltoniemi H, Stabile M,
Kauhanen S. Breast reconstruction de novo by water-jet assisted
autologous fat grafting—a retrospective study. Ger Med Sci 2013;
11:Doc17
Harder Y, Allan A, Eder M, Kovacs L, Schantz J, Machens HG.
Eigenfetttransfer zur Korrektur von erworbenen Konturdefekten
und Volumenasymmetrien nach rekonstruktiven Brusteingriffen.
Plast Chir 2014;1:26–36
Del Vecchio DA, Bucky LP. Breast augmentation using preexpansion and autologous fat transplantation: a clinical radiographic
study. Plast Reconstr Surg 2011;127(6):2441–2450
Del Vecchio DA. “SIEF”—simultaneous implant exchange with fat: a
new option in revision breast implant surgery. Plast Reconstr Surg
2012;130(6):1187–1196
Khouri RK, Eisenmann-Klein M, Cardoso E, et al. Brava and
autologous fat transfer is a safe and effective breast augmentation
alternative: results of a 6-year, 81-patient, prospective multicenter study. Plast Reconstr Surg 2012;129(5):1173–1187
Fiaschetti V, Pistolese CA, Fornari M, et al. Magnetic resonance
imaging and ultrasound evaluation after breast autologous fat
grafting combined with platelet-rich plasma. Plast Reconstr Surg
2013;132(4):498e–509e
Choi M, Small K, Levovitz C, Lee C, Fadl A, Karp NS. The volumetric
analysis of fat graft survival in breast reconstruction. Plast Reconstr Surg 2013;131(2):185–191
Claro F Jr, Figueiredo JC, Zampar AG, Pinto-Neto AM. Applicability
and safety of autologous fat for reconstruction of the breast. Br J
Surg 2012;99(6):768–780
Agha RA, Fowler AJ, Herlin C, Goodacre TE, Orgill DP. Use of
autologous fat grafting for breast reconstruction: a systematic
review with meta-analysis of oncological outcomes. J Plast Reconstr Aesthet Surg 2015;68(2):143–161
Veber M, Tourasse C, Toussoun G, Moutran M, Mojallal A, Delay E.
Radiographic ﬁndings after breast augmentation by autologous fat
transfer. Plast Reconstr Surg 2011;127(3):1289–1299
Petit JY, Lohsiriwat V, Clough KB, et al. The oncologic outcome and
immediate surgical complications of lipoﬁlling in breast cancer
patients: a multicenter study—Milan-Paris-Lyon experience of
646 lipoﬁlling procedures. Plast Reconstr Surg 2011;128(2):
341–346
Coleman SR. Augmentation of the breast with structural fat. In:
Coleman SR, ed. Fat Injection: From Filling to Regeneration. St.
Louis, MO: Quality Medical Publishing, Inc; 2009:503–544
Rubin JP, Coon D, Zuley M, et al. Mammographic changes after fat
transfer to the breast compared with changes after breast
reduction: a blinded study. Plast Reconstr Surg 2012;129(5):
1029–1038
Wettstein R, Ling B, Harder Y, Schaefer DJ. Eigenfettgewebetransplantation in die Brust - ja, aber. Schweiz Med Forum 2014;14(49):
954–956
Kim HY, Jung BK, Lew DH, Lee DW. Autologous fat graft in the
reconstructed breast: fat absorption rate and safety based on
sonographic identiﬁcation. Arch Plast Surg 2014;41(6):
740–747
Shiffman MA. Medical legal aspects of autologous fat transplantation. In: Shiffman MA, ed. Autologous Fat Transfer. Berlin, Heidelberg, Germany: Springer; 2010:459–462
Kronowitz SJ, Mandujano CC, Liu J, et al. Lipoﬁlling of the breast does
not increase the risk of recurrence of breast cancer: a matched
controlled study. Plast Reconstr Surg 2016;137(2):385–393

11

12

13

14
15
16

17

18
19

20

21

22

23

24

25

26

27

28

29
30

31

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

The Surgery Journal

Vol. 2

No. 2/2016

e29

e30

Breast Augmentation by Water-Jet Assisted Autologous Fat Grafting

Muench

51 Rigotti G, Marchi A, Stringhini P, et al. Determining the oncological

53 American Society of Plastic Surgeons. Fat Transfer/Fat Graft and

risk of autologous lipoaspirate grafting for post-mastectomy
breast reconstruction. Aesthetic Plast Surg 2010;34(4):475–480
52 Fraser JK, Hedrick MH, Cohen SR. Oncologic risks of autologous fat
grafting to the breast. Aesthet Surg J 2011;31(1):68–75

Fat Injection: ASPS Guiding Principles. 2009. Available at: http://
www.plasticsurgery.org/documents/medical-professionals/healthpolicy/guiding-principles/asps-fat-transfer-graft-guiding-principles.
pdf. Accessed May 4, 2016

The Surgery Journal

Vol. 2

No. 2/2016

