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Abstract: The ease of harvesting stromal vascular fraction (SVF) and the preponderance of progenitor cell populations with proven in 

vitro expansion and multilineage differentiation potential make it a sort after for regenerative therapy. Also, a complex of growth factors 

and other cytokines recoverable from platelet rich plasma (PRP) are crucial to a complete regenerative protocol in the treatment of 

organ and tissue defects. Nevertheless, we do know as tissues are created disparately and so are the bio-molecular requirements of 

damaged multifarious tissues. This article brings to bare recent facts on SVF and PRP physiological role in tissue regeneration 

modalities and as a guide for future exploit in the translational medicine. An internet database research of published articles from 2015 

till date was conducted with average age of study group being below 50years but not morbidly obese as it concerns advances in 

applications of platelet rich plasma and stromal vascular fraction. GID-SVF1 separation kit offers the fastest SVF Isolation time of ~90 

minutes compared to other techniques with no significant difference in SVF yields and preserved viability of isolated TNC highest at 

(81.47% ± 1.44) especially in young adults. This systematic best evidence review shows that autologous growth factor in PRP stimulate 

neoangiogenesis when injected fortnightly to initiate wound closure and re-epithelialization in chronic ulcers and burns especially 

where previous treatments had failed. Concomitant use of PRP and SVF was also found to improve skin regeneration, facial 

rejuvenation, facial scars, soft tissue defects and breast reconstruction surgeries. Anatomic origin and age of fat cells is crucial to their 

adipogenic, differentiation and commitment abilities with male superficial fat differentiating faster. However, an assessment of 

‘peroxisome proliferator-activated receptor-γ’ (PPAR-γ) and PPAR-ɣ-2 indicator will be a guide. 
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1. Introduction 
 

Platelet-rich plasma (PRP) is otherwise referred as 

autologous conditioned plasma (a concentrate of platelet-

rich plasma protein and inflammatory cells) derived from 

whole blood through dual segmented centrifugation to take 

out red blood cells (1, 2) While Stroma vascular fraction 

(SVF) is an extract of adipose tissue containing an 

heterogeneous collection of cells such as mesenchymal 

progenitor/stem cells, mast cells, preadipocytes, endothelial 

cells, pericytes, T cells, smooth muscle cells and M2 

macrophages  (3 and 4). The platelets are small, anuclear, 

discoid cells with primary function of hemostasis and 

coagulation. The PRP on the other hand has about 5times 

platelets than normal value. It is a complex of growth factors 

and other cytokines like the platelet-derived growth factor, 

transforming growth factor beta (TGF-ᵝ), fibroblast growth 

factor, insulin-like growth factor 1 & 2, vascular endothelial 

growth factor, epidermal growth factor, Interleukin 8, 

keratinocyte growth factor and connective tissue growth 

factor (5). Conventionally, SVF is extracted from 

lipoaspirate in a stepwise protocol to breed Adipose-derived 

stem/stromal cells (ASCs). However, the quest for high 

quality, purified ASCs lead to development of 

semiautomated devices which been tested to augment 

efficiency and a reproducible end results.  Currently the GID 

SVF-1™ has been demonstrated to recover more cells with 

preserved viability and cell phenotype using flow cytometry 

analysis (6). 

 

The rationale of this review is to underline the most recent 

advances in therapeutic relevance of SVF and PRP in 

everyday medicine.  

 

 

2. Materials and Method 
 

A computer based internet research of published articles was 

performed (case report published from frontiers in medicine, 

leading open access and highest cited publisher) to identify 

all studies on the subjects. Also, publications of leading 

experts, meta-analysis report of finding national bodies in 

the industry like SIMTI Servizi Srl database of blood 

transfusion journal was explore for review materials 

between 2015 and 2019 as it relates to recent advances in 

applications of platelet rich plasma and stromal vascular 

fraction in the treatment of diseases . One of the selection 

criteria was the age of study group in published being below 

50years and paper did not capture review of morbidly obese 

candidates. To exploit sensitivity and specificity, a list of 

carefully chosen text were used like in the search recent 

application of ‗Platelet-rich plasma‘, ‗neurological disorder‘, 

‗orthopaedic‘, efficacy of ‗‗stromal vascular fraction‘‘, 

‗treatment‘, ‗‗joint inflammation‘‘, treatment, 

‗‗osteochondral‘‘, ‗‗knee defect‘‘, ‗adipose derived stromal 

cells‘, regenerative medicine. 

   

3. Result 
 

This paper demonstrates the typical procedure for the 

collection of SVF from fatty tissue lipoaspirates and platelet-

rich plasma from peripheral blood. 

 

Tissue Collection Technique: The choice of adipose tissue 

harvest methods bothers on certain clinical parameters and 

as such a couple of options have been explored as seen in 

various papers that fulfilled (several criteria: Table 1) user 

friendliness in a surgical unit and Good Manufacturing 

Practice (GMP) facilities and to present viable and 

genetically stable ASC cells with a yield not significantly 
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different from reference method but meets ISCT criteria. 

However, modern practices all agreed adipose tissue (Figure 

1c) should be washed on the average of 3 times in 20mL 

syringes to remove lipoaspirate fluids, weighed and then 

digested in LR (1:1, v/v, fat/LR) containing collagenase 

NB6 at a final concentration of 0.1U/ml at 37
0
C for 45 min 

and under constant shaking (6). 

 Conventional method involving liposuction at -330mmHg 

into canister and no further manipulation in operation 

theatre prior to processing laboratory.  

 Puregraft collection method where in addition to the 

immediate above fat is directed to an intermediate canister  

before  a  60cc syringe would be used to inject tissue into 

Puregraft filtration bag to drains the tumescent fluid, free 

lipid, blood cells and excess fluid from the graft  

 Also there is Stem.Pras where a vacuum pump is 

connected into the device with the suction tube arising 

from the device to the harvesting cannula. In essence, fat 

goes in directly to the Stem,pras container without further 

meddling. 

 The last option in current use for fat tissue collection is the 

GID-SVF1 (figure 1c) which simply incorporates an 

additional filtration system that engenders immediate 

separation of fluid and fat collected. This device make use 

of manufacturer packed GIDzyme-2 kit (a mix of 

Collagenase) to dissociate adipose tissue.  

 

Following the literature search undertaken as described 

above, the following criteria were found to benchmark the 

efficiency of any chosen technique in deploring PRP and 

SVF for therapy in recent papers viz: 

 Tissue processing time 

 The quantity of fat harvested 

 The total viable nucleated cells 

 The viability of harvested cells  

 The remaining erythrocytes before the red blood cell lyses 

 Culture characteristics (phenotype, proliferation potential, 

genetic stability, multilineage differentiation and overall 

practicability of device. 

 

On the whole, the factors related above are not unconnected 

to donor age, colour (white or brown) and origin 

(subcutaneous or visceral) of adipose tissue, type of surgical 

procedure, culture conditions, exposure to plastic, plating 

density, and medium formulations as far as proliferation rate 

as well as the differentiation potential of these cells is 

concerned (4). One thing was clear from our update findings 

and that is ―GID-SVF1 offers the fastest SVF Isolation time 

of ~ 90 minutes‖ compared to any other techniques or 

conventional method that gulp 150minutes, though there was 

no significant difference in SVF yields. The viability of 

isolated TNC was found to be highest at (81.47% ± 1.44) in 

the GID-SVF1 technique.  The growth rate of ASC was 

found to be highest patient of ages 25-30 years (6). 

 

Typical Separation Protocol 

 End digestion using Dulbecco‘s Modified Eagle‘s 

Medium (DMEM with GlutaMAX_, Gibco_, Carlsbad, 

USA) with 10% 10% fetal calf serum 

 Centrifuge at 300g/min and discard floating supernatant 

(adipocytes) 

 Suspend pellet (SVF) in media and spin for 5min at 

300g/minute 

 Filter pellet through 70µm sieve  

 Perform Red blood cells (RBC) count using a Pentra 

60C+ (Horiba Medical, Kyoto, Japan) 

 Incubate Cell pellet in erythrocyte lysis buffer (Hybri-

Max_, Sigma-Aldrich, Saint-Quentin-Fallavier, France) 

for 20min at 37∘C. Centrifuge and take count of total 

nucleated cells (TNC) using Trypan blue exclusion 

method. 

 

GID-SVF1 Protocol Enhancement  

 At third wash, weigh the device to calculate the total 

adipose tissue mass, whereas GIDSVF1 tare was 254g 

 During digestion the LR was incorporated with 

GIDzyme-2 by manufacturers stipulation at the ratio of 1 

vial for 100–175 g of fat 

 Incubated at 37
0
c on shaking rocker 

 Terminate Collagenase reaction with device provided 

fetal calf serum 

 Wash the entire device at 800𝑔⋅min−
1 

for 10minutes and 

removed the oil layer 

 Resuspend pellet in LR and wash few more times 

through spinning 

 At second wash, decant top layer and remove pellet into 

50ml conical tube for red cell counting and its immediate 

lyses.   

Having established the ideal protocol to harvest and process 

with reference to findings on Google scholar, frontiers in 

medicine, Hindawi Publishing Corporation, national institute 

of health, Rome publications in recent years, here are the 

parameters with which a chosen technique of separation and 

processing can be assessed for clinical and therapeutic 

relevance viz:  

 Processing time 

 Stroma Vascular fraction Cell yield with regards to ASC 

characterization, Proliferative and chondrogenic 

capabilities and genetic stability.    
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Figure 1: Devices Used For Comparative SVF Isolation. (A) GID-SVF-1 Method (B) Reference Method (6) 

 

Table 1: List of Devices for SVF Isolation. (6) 

Device Company 

Open/ 

semi-

closed 

Automated/ 

semi-

automated 

Maximum 

fat 

quantity 

Method for 

fluid 

Collagenase 

provided 

Disposable 

cost ($) 

Fat 

Treatment 

duration 

(minutes) 

Publication 

Celution Cytori Therapeutics, Inc. closed manual (g) separation (yes/no) 
   

  

Semi-

closed 
Automated 300 Decantation Yes 1950 90 [8] 

800/CRS http://www.cytori.com  

    
(Celase) 

   

 
PNC International Co., Ltd. 

        
Cha-

Station 

http://inphronics.com.sg/equipment/cha-

station 

Semi-

closed 

Semi-

automated 
200 Not provided No 710 90 [8] 

GID 

SVF-1 
GID Group, Inc. Closed Manual 300 Filtration Yes 500 90 [24, 28] 

Lipokit 

with 
http://www.thegidgroup.com/ 

    

(GIDzyme-

2)    

Maxstem Medi-Khan 
Semi-

closed 
Manual 100 Centrifugation No 530 110 [8] 

 
http://www.medikanint.com/ 

        

 
PNC International Co., Ltd. 

        
Multi 

Station 
PNC North America open Manual 100–150 Centrifugation No 460 110 [8] 

 
http://pncint.business1.com/ 

        
Puregraft 

250 
Eurosilicone 

Semi-

closed 
Manual 250 Filtration No 250 100† [23] 

Sepax Biosafe Group SA 

Semi-

closed 

Semi-

automated 
300 Not provided No 420 90–120 [29] 

 
https://www.biosafe.ch 

        
Stem.pras 

with 

Duografter 

II 

Proteal closed Manual 200† Decantation No Unknown 110† None 

Tissue 

Genesis 
Tissue Genesis, Inc. 

Semi-

closed 

Semi-

automated 
60 Not provided Yes Unknown 80 [9] 

Icellator http://www.tissuegenesis.com/icellator 
    

Adipase 
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Figure 1(c): Fractions of separated adipose tissue 

 

 
Figure 1(d): Centrifuge Separated peripheral blood 

 
Figure 1: Differentiation potential of Adipose Derived Stromal Vascular Fraction 
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PRP Harvest Protocol 

Recent advances in stem cell therapy has caused more and 

more commercial vendor to grace the scene of commercially 

prepared autologous PRP available. However, the entire near 

fifty (50) commercial systems all deployed a two step 

application of centrifugal force to separate blood 

constituents at varying gradients, speed and time on account 

individual molecular weight of each of the cellular 

component. It must however be noted that a couple of 

factors contributes to final thrombocytes concentration like 

the age, health status, commercial kit used and circulation. 

The entire processing is in four phases blood collection, 

centrifugation for platelet concentration, induction of 

gelation (if the PRP is to be used in gel form), and activation 

(7). 

 

 At first spin, the densest red blood cell settles for the 

container bottom flowed by buffy coat and topmost the 

plasma. 

 Separate buffy coat and plasma in new tube; pull all other 

set up from patient own blood sample and re-spin 

(second centrifugation) for improved harvest. 

 Perform platelet count and document 

 

Note Before: Early scholars‘ recent reports differ on the 

thrombocytes concentration for PRP therapy to be helpful 

but a safety band of 800 - 1200x10
9
 platelets/L proven to be 

minimal clinical therapeutic threshold (8) 

 

Whatever the technique and medical device, expanded cells 

show the same phenotype as determined by way flow 

cytometry. Growth results of cultured cells from the two 

methods did not show any statistical differences in 

multilineage differentiation. To establish whether the cells 

obtained from the two methods were able to differentiate 

toward the three recommended lineages (9, 10), exposure of 

ASC at passage 1 to adipogenic, osteogenic and 

chondrogenic medium was used to prove claims.  

 

Table 2: Below relate the extent of work and update in 

protocols for processing PRP (5) 

 

Table 2: Platelet Rich Plasma Collection Systems 

Study & Procedures 
Processed 

Bld (ml) 
Anti-Coagulant 

Centrifugation 1st 

Step (Rcf —G-

Force) 

Centrifugation 2nd 

Step 

(Rcf—G-Force) 

Activator Platelet Count Rise 

Mazzucco et al. 

FIBRINET 
7 

ACD1 

separator gel 
1,100g x 10 minutes 1,500g x15min 

Ca2+, High speed 

centrifugation 
1358 ± 419 x103 

Mazzucco et al. 

PLATELTEX 
6 Sodium citrate 180g x 10 minutes 1,000g x 10min Ca2+, batroxobin 1160  ± 164 x103 

Mazzucco et al. 

EGEN 
8 

ACD 1 

separator Gel 
1,500g x 10 minutes  

Autologous 

thrombin 
430 ± 109 x103 

Gentile et al. 

Cascade-Selphyl- 

Esforax 

9-18 
ACD 1 

separator Gel 
1,100g x 10 minutes 1,500g x15 minutes 

Ca2+, High speed 

centrifugation 
8.8 x 104 , 2 times 

Gentile et al. 60 ACD 260g x 10minutes 1,200g x  10 minutes — 4 times 

C-PUNT      
Plasma 553.1  ±  43.79 x106 

PRP 925.9  ±  52.03 x 106 

Amable et al. 4.5 Sodium citrate 300g x 5 minutes 700g x17 minutes — 1.4 3 106- 1.9 x 106 

     

Ca11 
5.4-fold - 7.3-fold 

Anitua et al. 4.5 
Sodium citrate 

1 
580g x 8 minutes — 2.67 times 

PRGF Endoret 

(BTI) 
 buffy coat    

1.222   ± 166 3 103 

Amanda et al. 3.5  100g x 10 minutes 400g x 10 minutes — 

      5-fold 

Kahn et al. 478 — 3731g 3 4 minutes — — 8.3 3 1010 

Slichter and Harker 250-450 — 1000g x 9 minutes 3000g x 20 minutes — 80%recovery 

Landesberg et al. 5 — 200g x 10 minutes 200g x 10 minutes — 5.57- 9.35 x 108 

Jo et al. 9 — 900g x 5 minutes 1,500g x 15 minutes — 633.2  ±  91.6 x 103 

      4.2 times 

Bausset et al. 8.5 — 250g x 15 minutes 250g x 15 minutes — 3.96 times 

Mantalvo et al. 8.5 — 160g x 10 minutes 400g x 10 minutes — 630.2 x 103 

Araki et al. 7.5 — 270g x 10 minutes 2,300g x 10 minutes — 189.6 x 104 

Kececi et al. 9 — 250g 3 10 minutes 750g 3 10 minutes — 679.9 3 103 

 

4. Discussion 
 

The autologous growth factor derived from platelet naturally 

has the innate potential to stimulate neoangiogenesis, cell 

proliferation and differentiate which are the bedrock of 

wound healing process hence their extended application in 

scars and burn tissues regeneration (11). One of the major 

documented interventions of PRP in translational medicine 

is its applications in plastic surgery especially in dressing, 

management and healing of chronic wounds involving 

venous lower extremity ulcers, pressure ulcers and diabetic 

foot ulcers (DFUs) and burns (12 and 13). Injection of PRP 

on a fortnight basis especially where previous treatments had 

failed was found to initiate wound closure and re-
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epithelialization (14). Other works reports that the use of 

PRP in combination with insulin showed enhanced ASC 

differentiation potential (15). In addition, Chung team (12) 

demonstrated that PEGylated fibrin gel was a good ASC-

carrying scaffold for encouraging local angiogenesis. This 

work was re-established by (13) that incorporation of PRP 

into gelatin-nanohydroxyapatite fibrous scaffold yielded 

stronger osteogenic and endothelial differentiation. Bayati 

team (14) demonstrated recently that when adipose-derived 

Stromal vascular fraction cells were seeded on electrospun 

polycaprolactone fibers luxuriant differentiation of 

keratinocyte was observed in vitro and wound healing in 

vivo. Human esophageal regeneration where sourced ECM 

was prepared along with autologous PRP adhesive gel was 

also reported (16). Also, extended application of PRP into 

cosmetic surgery has been documented to be effective in 

arrest capillary bleeding in the surgical flaps of patients 

submit to various surgery procedures like face lift, breast 

augmentation or neck lifts (17). 

 

Given the proliferative and multilineage differentiation 

potential of stromal vascular fraction, they have been 

deployed in many treatment methods in clinical cell therapy 

as follows viz:  

 The fibrotic and trophic features of ASC are found 

suitable for smooth and skeletal muscle regenerative 

challenges, osteoarthritis and degenerative disc diseases 

(18). 

 The possibilities of these cells to enhance cancerous cell 

progression shift their application in cosmetic 

reconstructive surgery to a subject of future findings (19, 

20, and 21). In particular, autologous ASCs/SVF has been 

found to be effective in the regeneration of widespread 

traumatic calvarial bone defects (22), cranio-maxillofacial 

hard-tissue defects (23). 

 SVF has also been deployed in the repair 

tracheomediastinal fistulas and chronic ulcer caused by 

cancer ablation (24) as well as treatment of intractable 

ulcers,  

 Treatment of inflammatory disease (25), liver failure 

(immunodulation and antiapoptotic mechanism (26)), 

complication related to diabetes mellitus such as 

nephropathy (27), retinopathy (28) and foot ulcer have 

been reversed courtesy of cytokines, and chemokines 

secretion, angiogenesis and vascularization by SVF cells 

(29), multiple sclerosis diseases, orthopaedic disorders 

(immunosuppressive, osteoinductive and anti-

inflammatory features (28, 31, 30), hair loss, fertility 

problems (32), and salivary gland damage have been 

demonstrated in in vivo and clinical study (33). 

 

Tobita and Jeong works (34, 35) detailed benefit of 

combined use of SVF and PRP in skin regeneration. Grafted 

adipose tissue has been reported to survive greatly when 

SVF and PRP are combined. Plastic and reconstructive 

surgery of lower limbs in post-traumatic lower extremity 

ulcers according to (29 and 30.) have benefited from a mix 

of PRP combination with SVF. The efficacy claim of PRP 

and SVF/ASCs combination in fat grafting was re-

established by works of 35, 36, 37, 38, 39 and 40 in the 

treatment of facial rejuvenation, scars on the face, soft tissue 

defects and breast reconstruction. Also, the intra-articular 

injections of autologous ASCs combined with PRP were 

reported to be effective in cartilage regeneration and 

silencing of clinical symptoms in unresolved symptomatic 

knee osteoarthritis. Furthermore, (Limoli PG et al.) 

showcased an improved retinal functionality in Age-related 

macular degeneration patients with a combined SVF and 

PRP treatment. 

 

5. Conclusion 
 

This review is important because we now the metabolic 

features of fat cells  are not unrelated to their anatomic 

origin which invariably  determines their  gene expression 

profile that  might influence the long-term characteristics of 

the fat graft (Gentile P, et al. and Aksu et al.) established the 

relationship between gender, adipose tissue depth and their 

osteogenic differentiation with male fat tissue of superficial 

origin tissue differentiating faster while in female tissue 

origin depth had no effect. This review maintains that the 

SVF of adipose origin preserves their ability to differentiate 

toward adipogenic, osteogenic and chondrogenic lineages 

with no significant differences regarding gene specific 

expression. However, for practicality, the GIDSVF1 is the 

most fitting device in an operating room for been closed 

system that remarkably limit the microbial contamination 

allowing surgical unit and GMP-laboratories to preserve the 

safety of the patient and couple with the ready-to-use 

Collagenase kit as the edge corroborated by the number of 

TNC and CFU harvested in comparison to other approach. 

The review further raised the question for most favourable 

concentration of platelets, leukocytes and other plasma 

components which researchers have to clarify keeping in 

mind that PRP effect is not only based on thrombocytes 

concentration. The review of recent advances in PRP is 

constrained by lack of data on its long time application, lack 

of standardization for PRP preparation protocol which 

customarily results into qualitative differences among 

reports and questions homogeneity of products. This review 

advances the field of stem cell therapy by presenting with an 

indicator of adipogenic potential and commitment 

‗peroxisome proliferator-activated receptor-γ‘ (PPAR-γ) is 

more expressed in the adipose tissue originating from the 

arm. On top of that, we have evidence that the ability of 

adipose precursors to grow and differentiate varies among 

different fat depots and changes with age with an increased 

PPAR-ɣ-2 expression in younger subjects in all depots while 

the older patients only could match at the arm and thigh 

depots. We discovered the abdominal subcutaneous adipose 

tissue as the least susceptible to apoptotic stimuli (Schipper 

BM, Marra KG, Zhang W et al). Stromal vascular fractions 

of flank and thigh origin are optimal in osteogenetic 

capabilities as against arm and abdomen sourced adipose 

tissues. Though, the former has poor adipogenic 

differentiation potential due to low expression of HOX 

genes. 
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