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GENERAL DISCUSSION AND FUTURE PERSPECTIVES

Transplantation of adipose tissue i.e. lipofilling has been used to restore volume 
defects due to ageing as well as due to congenital or traumatic deviations for decades.1 
Adipose tissue, similar to almost all tissues, comprises of parenchyme (adipocytes) 
and supporting tissue. Obviously, the filler feature of adipose tissue is to be attributed 
to the 90% volume effect of adipocytes. In the past decades it has become clear that 
supporting tissue holds potency to support tissue repair and regeneration. Supporting 
tissue comprises connective tissue cells and vasculature that is embedding in an 
extracellular matrix. This is called the stromal vascular fraction of tissue (SVF). The 
current dogma is that the regenerative engine of adipose tissue comprises of adipose 
tissue-derived stromal cells (ASCs). ASCs reside in the SVF attached around vessels as 
precursor cell types e.g. pericytes and supra-adventitial cells.2,3 Zuk et al. was the first to 
culture ASCs from enzymatically isolated adipose tissue and showed the multilineages 
differentiation capacity of ASCs in vitro e.g. ectodermal, endodermal and mesodermal.4 
During culture, ASCs secrete a plethora of growth factors, cytokines and proteins 
which are in potential able to support regeneration of damaged tissue.5 

Therefore, in order to make full use of the regenerative capacity of SVF, isolation 
procedures are warranted that yield all components. However, for reasons of simplicity, 
intra-operative enzymatic isolation procedures have been developed to isolate a single 
cell suspension of SVF cells containing ASCs by degrading all intercellular connections 
including extracellular matrix.6 Nowadays, this single cell suspension of SVF cells is 
used for a variety of different clinical indications e.g. skin rejuvenation, scar remodeling, 
osteoarthritis or wound healing to mention a few.7-9  However, clinical use of intra-
operative enzymatic isolation procedures is expensive and time-consuming. Therefore, 
mechanical isolation procedures were developed to be faster and less expensive, 
although mechanical isolation procedures are not capable of disrupting all adipocytes 
in contrast to enzymatic isolation procedures that separate all adipocytes from SVF 
cells. For instance, the mechanical Lipogems procedure is able to process up to 130 ml 
of lipoaspirate to isolate about 60-100 ml of SVF, while 90% of the volume of adipose 
tissue is contributed by adipocytes.10 Hence, a large number of adipocytes remain intact 
after performing the Lipogems procedure. Therefore, we have developed a mechanical 
isolation procedure to isolate SVF cells by effectively disrupting adipocytes.11,12 
This mechanical isolation procedure is called the Fractionation of Adipose Tissue 
(FAT) procedure yields SVF that is devoid of almost all adipocytes while preserving 
vasculature and SVF cells as well as cell-cell communications, extracellular matrix and 
cell- matrix interactions. Moreover, a large fraction of ASCs was present, which were 
phenotypically as well as functionally intact. The volume of the obtained SVF was 
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reduced tenfold in comparison to the starting volume of lipoaspirate.11,12 A reduction 
of volume is an indirect indication of the effectiveness of a mechanical isolation 
procedure because 90% of the volume of adipose tissue can be ascribed to adipocytes. 

The main difference between the FAT procedure and other mechanical isolation 
procedures is the centrifugation step prior to fractionation. Centrifugation is necessary 
to remove all infiltration fluid in harvested lipoaspirate. Infiltration fluid is used for 
local anesthetics and the fluid component has a protective effect on mature adipocytes 
during fractionation. The principle of fractionation is based on shearing of tissue and 
large cells; powerfully pushing adipose tissue through a small hole in a luer-to-luer 
hub. Adipocytes are flexible by changing their shape while being pushed through a 
small hole. Once adipocytes pass the small hole, reformation occurs into their natural 
shape. However, without a protective fluid around the adipocytes giving counter 
pressure, adipocytes will disintegrate. A comparable technique used in literature is 
the Nanofat procedure.13 Nanofat procedure uses only decanted lipoaspirate and thus 
a large amount of protective infiltration fluid is still present. Consequently, a large 
number of adipocytes are still intact present in the final product.14 A study of Mashiko 
et al. compared the Nanofat procedure with the FAT procedure and showed a larger 
number of adipocytes of 83.3% in the Nanofat fraction compared to 45.8% in the FAT 
procedure fraction. Moreover, the extracellular matrix portion was lower in Nanofat 
than in tSVF isolated by the FAT procedure (16.7% vs 54.2%).15 These findings show 
that the Nanofat procedure is an emulsification and filtration procedure to increase 
injectability by mixing infiltration fluid with lipoaspirate rather than an mechanical 
isolation procedure of tSVF.

In contrast to enzymatic isolation procedures, mechanical isolation procedures disrupt 
only adipocytes while maintaining all cell-cell communications including extracellular 
matrix. This difference might be of significant importance because individual cells in 
a single cell suspension of SVF tend to quickly migrate from the tissue, e.g. into the 
draining lymph nodes, directly after injection. The extracellular matrix in mechanically-
derived SVF, literally retains the cells on the site of injection resulting in a larger 
regenerative effect. Additionally, extracellular matrix itself has an important and often 
underestimated regenerative role because it functions as a natural instructive scaffold 
for both cells and growth factors. In this thesis, extracellular matrix from SVF obtained 
by the FAT procedure was isolated through an extensive decellularization protocol 
and using mild enzymatic proteolysis with pepsin converted into a self-assembling 
hydrogel.16 This hydrogel was loaded with conditioned medium from cultured ASCs 
containing the complete secretome of ASCs in order to stimulate angiogenesis as 
well as fibroblast proliferation and migration in vitro.16 These findings showed that 
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extracellular matrix isolated from FAT procedure-obtained SVF plays an important 
role in binding and releasing growth factors released from ASCs in a controlled fashion. 
Moreover, these factors are still biologically active over a long release time e.g. stimulate 
angiogenesis as well as fibroblast proliferation and migration.16 In contrast to the FAT 
procedure, many mechanical isolation procedures focus only on the cellular fraction 
of SVF trying to eliminate extracellular matrix in order to improve injectability.10,13,17 
Probably a significant part of the regenerative capacity of SVF is thereby reduced by 
reducing the extracellular matrix with pericytes and supra-adventitial cells attached 
around vessels. 

To date, the definition of SVF comprising both enzymatic and mechanical isolated 
SVF should be redefined. According to definitions by pathologists and histologists, 
stromal tissue is the connective and structural component of every organ throughout 
the human body. Connective tissue consists of cells and extracellular matrix containing 
proteins embedded in ground substance.18 After enzymatic digestion of adipose tissue, 
all connective tissue i.e. stromal tissue including vascular structures are resolved 
leaving just the cellular component. To our opinion, mechanically isolated SVF should 
therefore be named tissue SVF (tSVF) whereas enzymatically isolated SVF should be 
named cellular SVF (cSVF).12 

In 2006, Coleman was the first to mention regenerative effects of lipofilling.19 Coleman 
described less wrinkles and an increased skin quality of the ageing face e.g. reduced 
pigmentation and reduced number of pores after autologous lipofilling. Though, no 
formal scientific proof was given because of a lack of statistics and objective validated 
measurement outcomes. Besides, the addition of subcutaneous volume by autologous 
lipofilling causes wrinkles to disappear. Since 2006, multiple case series as well as 
retrospective and prospective studies have investigated the effects of autologous 
lipofilling to ageing facial skin showing positive results.20-25 In comparison with 
Coleman’s first report, most of these studies lack a good study design with validated 
measurement outcomes as well as a control group. In contrast, in this thesis, two well-
designed prospective randomized placebo-controlled double-blinded clinical trials 
showed that lipofilling with and without additives i.e. tSVF or platelet rich plasma 
(PRP) does not improve skin elasticity of ageing facial skin nor patient satisfaction.26,27 
On the other hand, the addition of PRP to lipofilling reduced postoperative recovery 
time. A possible explanation for the reduced recovery time is that lipofilling is an 
invasive procedure causing many minor (sub)cutaneous traumas. Recovery from these 
iatrogenic traumas e.g. small wounds might benefit from released growth factors from 
additional platelets.
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The lack of skin quality improvement in ageing facial skin might be caused by the absence 
of a ‘trigger’ to stimulate adipose tissue or tSVF to regenerate damaged tissue. Aging of 
the skin is a physiological process of a gradual decrease of elasticity, primarily caused 
by reduced elastin deposition in the extracellular matrix by skin fibroblasts. This can be 
due to hormonal changes, genetic factors as well as environmental influence e.g. cigarette 
smoke and ultraviolet radiation.28 Our hypothesis is that ‘ordinary’ aging of the skin is a 
normal physiological process in which certain components of the extracellular matrix, 
such as elastin gradually disappears. In other aspects, such as epidermal regeneration, 
perfusion, and neurosensation, no markable changes occur due to ageing. Hence, tSVF 
has little to repair. Moreover, de novo generation of dermal elastin is often considered 
absent or inefficient whilst this would neither lead to tightening of the expanded aged 
tissue. In this way, ageing-related skin changes are not considered damaged tissue and 
do not result in clinically identifiable changes of the skin as a result of facial lipofilling. 
In literature, only two studies have reported histological improvement of facial skin 
after autologous lipofilling enriched with tSVF, adipose derived stromal cells (ASCs) or 
PRP.21,22 Three months after injection, the reticular dermis showed a decrease and more 
dissociated fiber network containing smaller as well as smoother fibers in comparison 
with before injection. Moreover, in the ASC as well as tSVF enriched lipofilling group a 
higher number of superficial oxytalan elastic fibers in the papillary dermis were noted. 
Skin consist of a complex organization of three types of elastic fibers: oxytalan, eluinin 
and elastic fibers.29 Oxytalan fibers are immature elastic fibers containing mainly 
microfibrils devoted of elastin crosslinking, while the extent of elastin crosslinking 
increases in elauinin and elastic elastic fibes. This indicates that the three types of 
elastic fibers represent different stages of elastogenesis of the skin.30 A larger amount 
of oxytalan elastic fibers might indicate elastogenesis. However, changes in eluinin and 
elastic elastic fibers were not mentioned.21,22 Another histological study demonstrated 
an increase in dermal thickness after lipofilling in comparison with no treatment after 
69 days.23 Yet, all studies lack a control group with microneedling only. It is well-known 
that needling of the skin results in histological changes of the skin including finer and 
more organized dermal elastic fibers. For this reason, histological improvement after 
autologous lipofilling might be a needling effect. In this case, microneedling alone 
would be sufficient to improve skin quality and thus autologous lipofilling unnecessary. 
Furthermore, no clinical effects were measured while histological improvement might 
not always be clinically significant.  

Compared to physiological ageing of the skin, pathophysiological processes e.g. dermal 
fibrosis or chronic wounds might be accelerated by tSVF. Pathological processes go 
along with a disbalance of extracellular factors resulting in inflammation, excessive 
extracellular matrix deposition and crosslinking, or a lack of angiogenesis. Lipografting 
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re-educates damaged tissue by tSVF of adipose tissue. Although, no significant 
improvements have been described as a result of tSVF or lipofilling applied to ‘ordinary’ 
ageing skin, significant improvement of skin quality have been described in cases where 
skin changes occurred due to a disbalance of extracellular factors as in dermal scarring 
and wound healing.31-34 Yet, formal proof derived from randomized prospective trials 
is lacking thus far. In this thesis, a prospective randomized placebo-controlled double 
blinded clinical trial was performed to accelerate postoperative wound healing by 
tSVF in order to reduce postoperative scarring. tSVF was injected in the wound after a 
breast reduction, while the contralateral breast received a placebo injection with 0.9% 
NaCl. After six months, a significant improvement in scar appearance measured with 
the validated patient and observer scar assessment scale (POSAS) was shown by both 
patient as well as observer. However, twelve months postoperative scar appearance 
was comparable between the tSVF and control group. Many of the included patients 
noticed a faster healing of the wound in the first weeks postoperative. This indicates 
that tSVF might play a more significant role in accelerating wound healing than as anti-
scarring treatment. Unfortunately, this trial used an one-time injection, while a second 
administration might have had a more profound long-term influence. To date, many 
studies have investigated if lipofilling or any regenerative component i.e. ASCs or SVF 
can accelerate wound healing. Yet, all of these studies lack a proper designed study with 
validated outcome measurements to reliably conclude that (or substrate of ) lipofilling 
accelerate dermal wound healing. 

Since evidence of the skin rejuvenating effect of lipofilling on ‘ordinary’ aged skin 
seems to be lacking, lipofilling for skin rejuvenation purposes solely should ideally 
only be offered in prospective randomized and placebo-controlled trials. Controlled 
randomized clinical trials are study types that can only show, with the highest 
predictability, whether a treatment, that seemed to be beneficial as apparent in initial 
case reports or retrospective studies, indeed is evidence-based working and effective. 
In general, both patients as well as clinicians expect an elective non-life saving and 
often self-paid treatment delivers an effective, efficient, satisfactory end result that 
was originally aimed for. Without well-defined readouts, such as third person analyses 
on blinded samples, claims in case reports and retrospective studies suggesting that 
lipofilling is effective for the use of skin rejuvenation are actually non-evidence based 
and thus not true nor valid. These claims, however, contribute to the hype that ASCs in 
lipografts are responsible for the questionable rejuvenating effect on skin. Moreover, 
the terminology of ASCs in communication between clinicians and patients contribute 
to this aforementioned hype as well. Till recently, adipose derived stromal cells (ASCs) 
were named adipose derived stem cells. However, ASCs are not stem cells for several 
reasons. First, stem cells are capable of self-renewal and have an unlimited proliferation 
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potential both in vivo as well as in vitro, such as embryonic stem cells, induced 
pluripotent stem cells as well as satellite cells, neuronal stem cells and intestinal stem 
cells.35-38 Second, stem cells have the ability of multipotent cell differentiation.37 In 
contrast, stromal cells have a limited lifespan, with a limited proliferation potential 
and at higher passages ASCs undergo senescence. Thus, the term mesenchymal stem 
cells is in fact incorrect; it should be named mesenchymal stromal cells. Nevertheless 
ASCs, irrespective of proliferation, are able to differentiate (be constructive), secrete 
growth factors and cytokines (be instructive), and can remodel the extracellular matrix 
(be reconstructive).39 Although, recently, in literature the word “stem” cell has been 
replaced by “stromal” cell, clinicians still use the word “adipose stem cell” in their 
communication with their patients. Reason for this continuing use of the word “stem 
cells” probably is because people have more confidence in the word “stem” cells rather 
than “stromal” cells. Moreover, stem cells are associated with the beginning of life and 
therefore a rather “magical” meaning is attributed to this word. 

Basically, we all start as a single totipotent stem cell i.e. the fertilized oocyte, which 
develops towards a human being. Actually, embryonic stem cells are a culture 
artefact because these are derived from the inner cell mass of a blastocyst, which 
normally develops to form the three embryonic germ layers (mesoderm, endoderm 
and ectoderm).40 In this process of development, all cell types in the body arise from 
stem cells that comprise the inner cell mass. Because stem cells play a key role in the 
development of early life, it is easy to believe that so called “stem cells” (i.e. actually 
stromal cells) are also able to extent life by regeneration of damaged tissue (damage of 
pathological nature like osteoarthritis or dermal scarring and damage of physiological 
nature such as aging of the skin). Patients as well as clinicians and researchers might 
magically think and hope that ASCs are the solution to every medical problem and 
hopefully extent life. However, clinicians and researchers should understand and 
realize (based upon their access to the knowledge) that if the application of ASCs or 
lipofilling is indeed beneficial, it is merely based upon thoughts and believe. In contrast, 
patients do not have access to such knowledge and are not well-grounded and therefore 
fully rely on their clinicians. 
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Figure 1. Schematic overview of therapeutic components of tissue-stromal vascular fraction obtained 
by the fractionation of adipose tissue procedure and its therapeutic mechanism. 
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Consequently, the clinicians should protect the patient from their own overestimated 
believe that stem cells are the solution for every medical issue and should not nurture 
this belief.  Clinicians, irrespective of their specialism, are all taught to act according 
to the four basic medical ethical principles: patient autonomy, beneficence, non-
maleficence and respect for human rights. In this perspective many clinicians, who 
treat patients for skin rejuvenation purposes beyond clinical trials, fail to act according 
to one or more of the aforementioned principles. Also, researchers could and should 
play an important role in this respect by generating awareness among clinicians and 
patients about the facts and fables of ASCs and stem cells as well as lipofilling for skin 
rejuvenation and other clinical purposes. Progress in the field of regenerative medicine 
can only be accomplished if all parties i.e. clinicians, researchers, patients and industry 
work together in a respectful manner and learn to communicate in an understandable 
way. Moreover, protection of the patients can only be offered when treatments are fully 
understood and are evidence-based: this is not the case when evidence is based on case 
reports, (too) small clinical studies (often without control groups) and retrospective 
studies and this is not in line with the Declaration of Helsinki. The Declaration of 
Helsinki states that individuals have the right to make self-determined informed 
decisions regarding the participation in research. When the evidence is based on case 
reports, small clinical studies and retrospective studies, individuals have the right to 
be informed about it. Thus, randomized clinical placebo-controlled clinical trials are 
definitely warranted, when feasible, before treatments are offered as being evidence-
based and real problem solving in regular and commercial medicine. 

It is clear that tSVF is not the solution to all (non)-medical problems. Clearly, 
physiological processes, such as ageing of the skin, cannot be reversed by a single 
injection of tSVF. Further research should focus on diseases and disorders that would 
potentially benefit from (multiple) tSVF injections. This thesis showed that tSVF is 
able to interfere in pathological processes, especially processes with excessive collagen 
deposition, a lack of angiogenesis or being pro-inflammatory. Moreover, tSVF obtained 
by the FAT procedures contains a high concentration of all regenerative components 
in a small volume: cellular fraction as well as extracellular matrix (Fig. 1).11,12 Hence, 
tSVF might be a future therapeutic option where only small amounts of volume can 
be injected e.g. osteoarthritis of carpometacarpal or temporomandibular joints. An 
important part of the pathophysiology of osteoarthritis is the pro-inflammatory state of 
the joint causing an excess of pro-inflammatory mediators e.g. cytokines, prostaglandin 
E2 and nitric oxide production resulting in disabling pain.41 An in vitro study showed 
a decrease of prostaglandin E2 production by inflamed synoviocytes co-cultured with 
cSVF.42 Reduction of prostaglandin E2 production by synoviocytes might be causing 
reduction of pain after injection of (c- or t-)SVF clinically as mentioned in case series. 
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Another potential indication of using tSVF where inflammation as well as lack of 
angiogenesis plays a crucial role is diabetic wound healing. Both pathological processes 
can be positively affected by tSVF. However, some diabetic wounds might be too large 
to cover entirely with tSVF obtained by the FAT procedure. The low production yield 
of the FAT procedure is one of the main limitations. Another limitation is the necessity 
of liposuction prior to performing the FAT procedure. Liposuction is an invasive 
procedure, which might not always be favorable in patients with a disturbed wound 
healing. Moreover, isolated autologous adipose tissue might be affected by systemic 
diseases such as diabetes mellitus.43-45 For these specific cases, the extracellular matrix 
based hydrogels with loaded factors from therapeutic cells e.g. ASCs or immortalized 
pluripotent cells might be ideally as an off the shelve product for several pathologies to 
replace autologous lipofilling or SVF administration.46 
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