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Summary
Autologous fat grafting (AFG) is a widely used technique in both reconstructive and aesthetic plastic surgery. Despite its clinical popularity, the main 
limitation remains the unpredictable viability of the transplanted volume, which ranges between 18– 80%. This variability reflects a complex interplay 
of biological processes and technical factors, placing AFG at the interface between a relatively simple surgical procedure and a challenging tissue 
engineering problem. The primary cause of volume loss is early ischemia. A cascade of inflammatory responses, oxidative stress, cyst formation, 
and fibrosis results in variable degrees of volume reduction. Current research on improving AFG outcomes focuses on two main areas. One aim is 
to be technical factors related to harvesting, processing, and application of the fat. The second area, which is the subject of this review, examines 
the possibilities of increasing the survival of autologous fat grafts by applying biotechnological procedures. In the center of these procedures 
are neovascularization, mechanical and structural support to the graft, and promoting regeneration of adipose tissue rather than just survival of 
transplanted cells. Graft enrichment using stromal vascular fraction (SVF) and adipose-derived stem cells (ADSCs), both autologous populations from 
lipoaspirate, enhances angiogenesis, adipogenesis, and immune modulation. Preclinical data show improved vascularization and graft retention, but 
clinical outcomes vary. ADSC-derived exosomes offer a cell free alternative with strong proangiogenic and anti-inflammatory effects. Growth factors, 
including vascular endothelial growth factor (VEGF), fibroblast growth factor-2 (FGF2), or transforming growth factor-b (TGF-b) –  can be delivered 
directly or via platelet-rich plasma (PRP) and platelet-rich fibrin (PRF), though results remain inconsistent. Hydrogels, scaffolds, acellular adipose 
matrix (AAM), molecular interventions, and preconditioning strategies show big promise but lack standardized clinical evidence so far. Despite 
promising preclinical results, clinical application faces several challenges and obstacles. Future research should focus on rational combinations 
of therapies and strategies and further development of biomaterials. Improving the survival of autologous fat grafts requires a multidisciplinary 
approach combining refined surgical techniques with targeted biotechnological interventions. 
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pend on a sequence of interconnected 
biological processes. This involves vas-
cularization, adipogenesis, extracellular 
matrix maintenance and the mitigation 
of cellular loss after transplantation. 
The early phase after transplantation 
is particularly susceptible to ischemia, 
which leads to apoptotic loss of adipo-
cytes and restricted nutrient diffusion 
inside the central part of the graft. Ob-
servations shows that fat graft viability 
is predominantly supported by diffu-
sion from surrounding host tissue dur-
ing first 48– 72 h until neovasculariza-

loss, promote angiogenesis, and optimize 
fat graft regeneration. This review synthe-
sizes current understanding and recent 
advancements in optimizing autologous 
fat grafting (AFG) outcomes, focusing on 
the biological background of fat graft sur-
vival and exploring novel strategies for en-
hancing graft retention and viability [1– 3].

Evaluation of the topic
Mechanisms of graft survival 
and integration
Prior research demonstrates that sur-
vival and integration of fat grafts de-

Introduction
Autologous fat transplantation is a long-
-established method in aesthetic and re-
constructive surgery due to its availability, 
biocompatibility, and low risk of complica-
tions. However, variability in fat graft sur-
vival remains a significant clinical problem. 
This variability results from a combination 
of mechanical, biological, and technical 
factors affecting early adipocyte survival 
and subsequent angiogenesis.

In the past decade, several bio
technological approaches have been de-
veloped aiming to reduce early ischemic 
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fat graft survival by stimulating prolif-
eration, differentiation, neovasculariza-
tion, and migration of stem cells. How-
ever, their common limitation is a short 
biological half-life associated with their 
rapid degradation in vivo. Current devel-
opments focus on growth factor stabili-
zation and controlled release systems.

Stem cell-based therapies
Stem cell-based approaches currently 
represent the most extensively studied 
strategy for enhancing fat graft survival, 
utilizing the regenerative potential of 
adipose-derived stem cells (ADSCs) and 
stromal vascular fraction (SVF). These in-
terventions aim to promote angiogene-
sis, adipogenesis, and provide paracrine 
signals that protect transplanted adipo-
cytes from ischemic injury.

Adipose-derived stem cells
ADSCs represent a multipotent popula-
tion of mesenchymal stem cells in adi-
pose tissue. They are characterized by 
multilineage differentiation and robust 
paracrine activity. Addition of alloge-
neic ADSCs to fat grafts increases graft 
survival through several mechanisms. 
The most prominent are secretion of 
proangiogenic grow factors and differ-
entiation into adipocytes to replace lost 
cells. They also possess immunomodu-
latory effects that reduce inflammatory 
damage [17,18]. Cell-assisted lipotrans-
fer (CAL) is a  technique that involves 
enriching fat grafts with cells derived 
from SVF. SVF contains ADSCs, endothe-
lial progenitor cells, pericytes, and im-
mune cells that together support graft 
integration [19]. Systematic reviews con-
firm that fat grafts with increased ADSC 
support achieve better volume reten-
tion compared to conventional tech-
niques  [20,21]. Recent research has fo-
cused on genetically modifying ADSCs 
to enhance their therapeutic effects. 
Human ADSCs enriched with modified 
VEGF have shown enhanced angiogenic 
potential and have promoted long- 
-term graft survival in preclinical models 

Biotechnological strategies
Growth factors
Studies focusing on growth factors work 
with the idea of accelerating neovascular-
ization and reducing early ischemic loss 
by supplementing the graft microenvi-
ronment with proangiogenic signals. This 
group includes platelet-rich plasma (PRP) 
and platelet-rich fibrin (PRF) as well as 
more recently the addition of individual 
growth factors directly to fat transplant.

Platelet-rich plasma  
and platelet-rich fibrin
PRP is a  rich autologous source of 
growth factors. However, its effects are 
relatively short-lived (≈ 8  days)  [10], 
which has led to strategies such as re-
peated or “two-step” applications. PRP 
attenuates hypoxia-induced damage 
and enhance tissue neovascularization 
and regeneration. But clinical evidence 
is mixed, mainly due to significant meth-
odological heterogeneity in PRP prepa-
ration  [11– 14]. PRF offers a slower and 
more sustained release of growth fac-
tors, potentially providing long-term re-
generative support and improving tis-
sue integration  [15]. Unlike PRP, the 
effect of PRF on long-term fat graft re-
tention has not yet been demonstrated.

Targeted growth factor delivery
In addition to PRP and PRF, research 
also focuses on other biomaterials con-
taining growth factors and, finally, di-
rectly on individual growth factors. Liq-
uid phase concentrated growth factor 
(LPCGF) is a  biomaterial that contains 
VEGF, transforming growth factor-b 
(TGF-b), fibroblast growth factor (FGF), 
and leukocytes. In vivo studies on mice 
have shown improved fat graft survival 
after enrichment with LPCGF [16]. An in-
novative approach is the enrichment of 
fat grafts with adenosine. As an endog-
enous stress signal, adenosine increases 
angiogenesis through the VEGF  [3]. 
Growth factors themselves, such as  
epidermal growth factor (EGF), VEGF or 
FGF2 have proven efficacy in supporting 

tion occurs [4]. This leaves central part 
of graft prone to necrosis. Adipocytes 
have limited tolerance to hypoxia, so 
their survival depends on the restora-
tion of sufficient blood supply through 
angiogenic responses. Angiogenesis in 
fat grafts is mediated by several mo-
lecular factors. Platelet-derived growth 
factor (PDGF) attracts and activates re-
parative cells, which are an integral part 
of regeneration; hepatocyte growth 
factor (HGF) enhances angiogenesis 
while promoting proliferation and mi-
gration; vascular endothelial growth 
factor (VEGF) and fibroblast growth fac-
tor-2 (FGF2) promote vessel formation 
by stimulating endothelial proliferation 
and migration  [1]; tissue metallopro-
teinase inhibitors modulate extracel-
lular matrix remodeling and facilitate 
vessel incorporation. Adipose-derived 
stem cells (ADSCs) play an important 
role in enhancing graft survival due 
to their ability to proliferate, differen-
tiate into various cell types, and secrete 
paracrine factors that facilitate neo-
vascularization and tissue repair, even 
under hypoxic conditions. Key player 
is hypoxia-inducible factor-1a (HIF-1a). 
This transcription factor stabilizes and, 
in turn, drives the expression of VEGF 
through ADSCs  [5– 7]. Almost half of 
the adipose secretome contains angio-
genic factors, underscoring the intrin-
sic ability of adipose tissue to stimulate 
neovascularization  [8]. The mecha-
nisms regulating angiogenesis appear 
to be closely linked to those controlling 
neo-adipogenesis. Experimental work 
has shown that endothelial cell-pread-
ipocyte interactions can have recipro-
cal effects on both processes, suggest-
ing shared regulatory pathways. VEGF 
inhibition blocks preadipocyte differ-
entiation in addition to its known an-
tiangiogenic effects  [9]. This further 
highlight the crucial role of revascular-
ization for fat graft survival, as insuffi-
cient blood flow leads to adipocyte de-
generation and subsequent loss of graft  
volume.
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tosan) or used with growth factors like 
VEGF. PLGA can also be formulated into 
a  hydrogel when it is chemically com-
bined with hydrophilic polymers like 
polyethylene glycol (PEG). Unlike solid 
PLGA, these systems are water-rich, in-
jectable and designed to mimic the ex-
tracellular matrix more closely [29– 31].

Biochemical and molecular 
interventions
These represent a targeted approach to 
directly influence the pathways regulat-
ing adipocyte survival and fat graft re-
vascularization. These strategies include 
the application of recombinant pro-
teins and molecules that enhance natu-
ral survival mechanisms in an ischemic 
environment. Leucine-rich a-2-glyco-
protein 1 (LRG-1) has been identified as 
one of the factors that increase survival. 
It suppresses apoptosis of adipose stem 
cells through a  mechanism mediated 
by RAB31  [32]. In addition to apopto-
sis, ferroptosis, a form of cell death de-
pendent on iron, also plays a role. Inhi-
bition of ferroptosis by glutathione has 
been demonstrated in animal mod-
els  [33]. Among other substances, sal-
vianolic acid B appears to be promising. 
It supports preadipocyte proliferation, 
adipogenesis and at the same time has 
an anti-inflammatory effect, thereby re-
ducing the degree of fibrotization [34]. 
The iron chelating agent deferoxamine 
(DFO) inhibits prolyl hydroxylase, the en-
zyme responsible for the degradation of 
hypoxia-inducible factor (HIF-1a). Know-
ing that, DFO can pharmacologically in-
duce hypoxic conditions by stabilizing 
HIF-1a, which increases VEGF expres-
sion. DFO has been successfully applied 
across various tissues to enhance vascu-
larization and regenerative capacity [35] 
and seems to be very promising, espe-
cially in preconditioning.

Preconditioning strategies
Current research also focuses on the 
preparation of fat and recipient site prior 
to AFG. This preconditioning does not 

Hydrogel-based delivery systems
Hydrogels are water-swollen, hydro-
philic, three-dimensional networks. Typ-
ically, they are injectable, often amor-
phous fillers or cell carriers. They provide 
seamless integration with the surround-
ing adipose tissue. The main functions of 
hydrogels are to create a protective en-
vironment and act as a “carrier” for trans-
ferred adipocytes. They increase cell via-
bility by providing mechanical support. 
Hydrogels can also be modified to re-
lease bioactive molecules such as VEGF 
to promote early angiogenesis  [9]. Hy-
drogels can experience a  rapid initial 
volume decrease due to “fluid mobili-
zation” from the water-rich matrix [26]. 
Their mechanical strength is lower than 
that of native adipose tissue, however, 
unless specifically modified. They are 
typically composed of materials like algi
nate, collagen, fibrin or hyaluronic acid.

Scaffolds
These are stiffer structures designed to 
provide a  three-dimensional architec-
ture for tissue growth. They can be made 
from synthetic polymers like polycapro-
lactone (PCL) or poly(lactic-co-glycolic) 
acid (PLGA). They can also be made of 
natural materials such as acellular ad-
ipose matrix (AAM). Scaffolds were pri-
marily developed to maintain the vol-
ume and shape of the graft  [4]. They 
provide a  stable structure for host cell 
infiltration into predefined spaces. AAM 
is a biomaterial derived from human ad-
ipose tissue that supports adipogenesis 
and angiogenesis and is gaining increas-
ing clinical application. However, long-
-term volume retention remains vari- 
able, and current evidence is limited, 
with a  lack of standardized protocols 
and high-quality clinical studies [27,28].

Hybrid systems
An alternative to both scaffolds and hy-
drogels is the use of PLGA microspheres 
(250  μm in diameter). These micro-
spheres can be impregnated into other 
scaffold materials (like collagen-chi-

through sustained VEGF expression and 
accelerated vascularization [22].

ADSCs exosomes
Exosomes are extracellular vesicles of 
30– 150 nm in size secreted by cells. It is 
a newly investigated, cell-free alternative 
to direct stem cell transplantation. ADSC-
-derived exosomes (ADSC-Exos) are rich 
in miRNA, proteins, and lipids with signif-
icant paracrine effects. The study shows 
that ADSC-Exos enhance fat graft survival 
through distinct mechanisms [23]. Preclin-
ical studies show marked improvement in 
angiogenesis and graft retention, in some 
cases more effective than SVF. Yang et al. 
demonstrated that ADSC-Exos promote 
the proliferation, migration and forma-
tion of endothelial cells  [24]. Chen et al. 
reported that ADSC-Exos promote adipo-
genic differentiation and lipid accumu-
lation by modulating the pathway. En-
hancing the prolipogenic capabilities of 
adipocytes  [25]. Clinical studies are still 
lacking, but exosomes offer advantages 
like higher stability, minimal immune re-
jection, easier standardization and lower 
regulatory barriers compared to cell 
therapies.

Alternative stem cell sources
Current research is also focusing on 
non-adipose stem cells, which also 
offer regenerative potential. Fascia-de-
rived stem cells (FDSCs) have shown in-
creased vascularization and better graft 
retention when co-transplanted with fat 
grafts [2]. Other alternative sources are 
bone marrow derived stem cells (BMSCs) 
and umbilical cord-derived mesenchy-
mal stem cells (UC-MSCs).

Biomaterial scaffolds
Biomaterial scaffolds provide structural 
support, modulate the local microenviron-
ment, and allow for the controlled release 
of growth factors and potential other ad-
ditives. This group of materials aims to 
preserve graft volume, increase vascular 
ingrowth, and reduce complications, par-
ticularly cyst formation and calcification.
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evolved into a  sophisticated approach 
in regenerative medicine. The presented 
overview of current knowledge iden-
tifies four main biotechnological areas: 
stem cell-based therapies, growth fac-
tor modification, biomaterial scaffolds 
with hydrogels, and biochemical inter-
ventions. All of these approaches target 
the main areas of improving the viabil-
ity of the transplanted fat graft. These 
are angiogenesis, adipogenesis, struc-
tural stability, and influencing apopto-
sis. Partial successes are being achieved 
in each of the above areas. However, it 
appears that a  truly great effect on fat 
graft survival will be achieved by a com-
bination of individual strategies. Hy-
drogels with bound growth factors, or  
exosomes, new sources of stem cells in 
combination with already known pro-
cedures, stabilization of growth fac-
tors. The use of multiple mechanisms 
at once has a  synergistic effect on fat 
graft survival. The HIF-1a/ VEGF signal-
ing pathway appears to be key in angio-
genesis under hypoxic conditions, open-
ing the door to possible further future  
developments.

Despite promising preclinical results, 
clinical application faces several chal-
lenges and obstacles. These include dif-
ficult standardization of cell products, 
regulatory complexities, economic de-
mands, and the need for robust data 
and high-quality clinical trials. Future re-
search should focus on rational combi-
nations of therapies and further devel-
opment of biomaterials.
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necessarily involve the addition of ex-
ternal components but focuses also on 
triggering an endogenous response 
within the tissues themselves. A  com-
mon goal of preconditioning strategies 
is the enhancement of stress-response 
gene expression or the secretion of cy-
tokines and growth factors. Such stimuli 
include hypoxic conditions, caloric re-
striction, localized mechanical loading, 
thermal exposure, and treatment with 
a fractional carbon dioxide laser. Preclin-
ical evidence indicates that these factors 
support cellular viability, stimulate adi-
pogenic and angiogenic processes, and 
concurrently attenuate inflammatory re-
sponses, fibrosis, and cyst development, 
thereby improving both the survival and 
overall quality of fat grafts [35– 37].

Discussion
On the field of biotechnological proce-
dures, the future of AFG lies in combin-
ing multiple strategies tailored to indi-
vidual patient characteristics and clinical 
indications. Rather than seeking a  sin-
gle “optimal” enhancement method, 
we should accept the complexity of fat 
graft biology and develop decision algo-
rithms matching specific interventions 
to patient needs.

Today, some of the most promising 
ways seem to be HIF-1a-targeted pre-
conditioning, hydrogels loaded with 
growth factors, or VEGF-exosome based 
immunomodulation. In the future, ad-
vanced biomaterials, precision cell engi-
neering and molecular therapeutics will 
work together. Data-driven optimization 
will further support these approaches. 
This approach has the potential to trans-
form AFG from a poorly predictable pro-
cedure into a reliable and reproducible 
technique. Its application may com-
pletely change modern regenerative 
medicine and plastic surgery, both re-
constructive and aesthetic.

Conclusion
From a  simple volume replacement 
technique, autologous fat transfer has 
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