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INTRODUCTION
Liposuction aspirates obtained from lipectomy pro-

cedures are a rich source of adipose-derived stem cells 
(ADSCs), a cell population of recent interest for its regen-
erative potential. Since the time they were first character-
ized by Zuk et al in 2001, ADSCs have been extensively 
studied for their multipotency, paracrine effects, and 
implications for regenerative medicine.1 However, sev-
eral studies have suggested that the regenerative proper-
ties of lipoaspirate are found not only in the ADSCs, but 
also in the mixed cell population of the lipoaspirate they 
are derived from, the stromal vascular fraction (SVF).2–9 
This regenerative mix, which is traditionally isolated by 

enzymatic processing, contains multiple cell populations, 
including mesenchymal stem cells, endothelial progenitor 
cells (EPCs), immune cells, smooth muscle cells, pericytes, 
and other stromal components like fibroblasts.2 Although 
its cellular proportions may vary significantly based on 
processing and protocol, SVF has the regenerative poten-
tial to be used in therapies for numerous diseases such as 
multiple sclerosis and diabetes.10,11

Some studies have shown that fat harvested with larger 
cannulas has a higher survival rate.12 Although this is con-
trary to prior reports of better graft survival with smaller par-
ticle size, the survival of larger particles may be due to the 
fact that they are subjected to less trauma, and that they have 
a higher SVF content.13 This study was therefore undertaken 
to measure the SVF content in fat harvested with a 5-mm 
cannula compared with a 1-mm cannula. It has been docu-
mented that particles of fat smaller than 1-mm have a better 
survival; therefore, the fat harvested with a 5-mm cannula 
was also cut into 1-mm particle size to see if the SVF concen-
tration was affected. Finally, a sample of the SVF was stained 
with hematoxylin and eosin (H&E) for identification.
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Background: Fat is an active and dynamic tissue composed of adipocytes supported 
by a structural framework known as the stromal vascular fraction (SVF). SVF is tra-
ditionally isolated by enzymatic processing, but new methods are being investigated 
to isolate it mechanically. Recent studies propose that fat harvested with larger can-
nulas has a higher survival rate, most likely due to a higher concentration of SVF.
Methods: Lipoaspirates were obtained from 10 patients who underwent elective 
liposuction using a 5-mm and a 1-mm cannula attached to a syringe using stan-
dard pressure. The fat was aspirated from the same area at adjacent sites. An esti-
mated 5-mm fat particles were also cut down to 1-mm using a micronizer (Marina 
Medical). A 5-cm3 volume of each sample was compressed through a 0.5-mm open-
ing strainer and rinsed with normal saline to extrude the oil. The resultant SVF left 
on the strainer was then measured in a 1-cm3 syringe.
Results: The volume extracted from a 5-mm cannula (mean, 0.23 cm3; SD, 0.10) 
versus a 1-mm cannula (mean, 0.11 cm3; SD, 0.06) was statistically significant  
(P = 0.009). An H&E-stained slide from the SVF was obtained for confirmation. 
Finally, 5-mm fat particles cut down to 1-mm particles using the micronizer resulted 
in an average volume of 0.20 cm3, which was higher than the average volume har-
vested with a 1-mm cannula.
Conclusions: Harvesting with a 5-mm cannula resulted in significantly more 
SVF than harvesting with a 1-mm cannula. Resizing fat particles harvested with 
a larger cannula down to 1-mm resulted in higher SVF than SVF obtained with a 
1-mm cannula directly. (Plast Reconstr Surg Glob Open 2021;9:e3471; doi: 10.1097/
GOX.0000000000003471; Published online 23 March 2021.)
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METHOD

General Information (Patient Demographics and Consent)
Informed consent was obtained from 10 healthy female 

patients who underwent elective liposuction of areas such 
as the thighs, flanks, or abdomen for the unused fat meant 
to be discarded to be subjected to mechanical manipula-
tion after the procedure. Ages ranged from 18 to 77 years 
(average age: 53.7 years). The ethical principles stated in 
the 2013 Declaration of Helsinki were strictly followed.

Adipose Tissue Harvesting
Lipoaspirate was obtained from 10 healthy patients at 

the same area, but adjacent sites (eg, upper versus lower 
thigh, left versus right periumbilical region) and all lipo-
suctions were performed by the same surgeon. In prepara-
tion for harvesting lipoaspirate, a 0.9% (weight/volume) 
solution of sodium chloride containing epinephrine at 
a concentration of 1:100,000 and lidocaine at a concen-
tration of 1:1000 (Klein’s solution) was infiltrated by 
means of a 2.5-mm injection cannula and left to stand for 
approximately 20 minutes. The volume was equal to the 
volume of fat tissue harvested. The lipoaspirate was har-
vested using custom-made cannulas with internal diam-
eters and single opening diameters of 1-mm and 5-mm 
(Marina Medical, Davie, Fla.) under standard pressure 
with a 20 cm3 syringe [approximately −600 mm Hg (−0.789 
atm)14]. Lipoaspirates were left to stand for 10 minutes to 
decant, the supernatant fluid was extracted, and the fat 
was then placed in 5-cm3 syringes for volume control.

SVF Harvesting
The fat was then compressed through a strainer 

with 0.5-mm openings and rinsed with normal saline to 
extrude the oil while retaining the SVF until a white-col-
ored residual tissue was obtained (Figs. 1, 2). The resul-
tant SVF was then placed in 1-cm3 syringes and the volume 
measured (Fig. 3). An estimated 5-mm fat particles were 
also cut down to 1-mm particles using a custom micron-
izer (Marina Medical, Davie, Fla.) and the SVF measured 
(Figs. 4, 5).

SVF Characterization
SVF harvested from 5- and 1-mm cannulas was placed 

on glass slides and fixed to be stained with H&E stain 
for identification, which was photographed under 20× 
magnification.

Statistical Analysis
Quantitative variables were summarized with means, 

medians, and SDs. A ratio of the volume of SVF extracted 
by the 5 cm3 total volume of fat was calculated and reported 
as an average. Data were analyzed with a paired sample 
t-test and a P < 0.05 denoted a significant difference.

RESULTS
The SVF volume extracted from harvesting with a 

1-mm cannula ranged from 0.05 cm3 to 0.25 cm3 with the 
median being 0.09 cm3 and the average ratio of SVF/5 cm3 

volume at 0.02. The SVF volume extracted from harvest-
ing with a 5-mm cannula ranged from 0.13 cm3 to 0.40 cm3 
with the median being 0.17 cm3 and the average ratio of 
SVF/5 cm3 volume at 0.05. The SVF volume extracted 
from a 5-mm cannula (mean, 0.23 cm3; SD, 0.10) versus a 
1-mm cannula (mean, 0.11 cm3; SD, 0.06) was statistically 
significant (P = 0.009) (Fig. 6). Additionally, 5-mm fat par-
ticles cut down to 1-mm fat particles using the micronizer 
resulted in an average SVF volume of 0.20 cm3 with an 
average ratio of SVF/5 cm3 volume of 0.04. H&E-stained 
slide of SVF showed a dense collagen network with cell 
nuclei (Fig. 7).

DISCUSSION
The increasing use of autologous lipo-transfer, or fat 

grafting, in plastic and reconstructive surgery has war-
ranted an exploration of novel ways to improve clinical 
outcomes.15,16 Currently, plastic surgeons are challenged 

Fig. 1. Cannula extract (1-mm) on mesh.

Fig. 2. Cannula extract (5-mm) on mesh.
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by a significant variability in fat graft retention since 
reported resorption rates range from 25% to 80%.17 Much 
of the volume loss is believed to be due to the tendency 
of mature adipocytes to undergo cell death after injec-
tion into the recipient site.18 Fat cell survival appears to be 
dependent upon its location within the graft: peripherally, 

adipocytes often survive, but centrally, they necrose. The 
peripheral zone of the graft is the area of regeneration, 
where ADSCs stimulate the replacement and survival of 
adipocytes.18 Centrally, cell death occurs most prominently 
as a result of ischemia and poor tissue oxygenation.17–19

SVF cells and adipose stem cells have recently gained 
significant attention because of their increased angiogenic 
and wound-healing capacity from the regenerative para-
crine effects of vascular endothelial growth factor (VEGF), 
hepatocyte growth factor, and transforming growth factor. 
Whether supplementing lipoaspirates with SVF cells or 
adipose stem cells or enriching these cells through cen-
trifugation, both of these methods have yielded larger fat 
grafts and longer retention of these grafts.17,20–24 Gentile et 
al demonstrated that patients treated with SVF-enhanced 
autologous fat grafts maintained 63% of the fat graft vol-
ume after 1 year compared with the 39% maintained in 
the control group.22,23 Comparable results have been 
achieved with adipose stem cell supplementation. Kølle 
et al found that adipose stem cell supplementation of 
lipoaspirates enhanced the formation of new connective 
tissue and reduced the amount of necrotic tissue of the 
fat graft.17

It has been shown that fat that is directly excised has 
a higher adipose cell viability, which is postulated to be 
related to the SVF content. It is also believed that har-
vesting fat with a larger cannula will resect more SVF.25 
Furthermore, a recent study by Sesè et al analyzed H&E 
histology of SVF (termed “stromal cell aggregates”), 
which showed a network of connective tissue where stro-
mal cells are located and further quantified the collagen 
density.26 This study demonstrated that fat harvested 
with a 5-mm cannula contains more SVF than fat har-
vested with a 1-mm cannula, and that the SVF remained 
constant even when the fat was cut into 1-mm particles. 
Finally, it was also noted that there was a wide variation in 
SVF content from patient to patient. Future studies will 
assess the effect of age, site of harvest, and BMI in SVF 
content obtained.

CONCLUSIONS
Harvesting fat with a 5-mm cannula yields significantly 

more SVF than harvesting 1-mm cannulas due to the 
harvesting of larger fat particles. Cutting down the har-
vested 5-mm fat particles to 1-mm resulted in an increased 
amount of SVF extracted as opposed to harvesting directly 
with a 1-mm cannula. We therefore postulate that har-
vesting with larger-sized cannulas and then resizing the 
particles down to 1-mm may result in enhanced fat graft 
survival.

Fig. 3. Comparison between 1-mm and 5-mm extract.

Fig. 4. Micronizer.

Fig. 5. Micronizer cutting 5-mm particles into 1-mm particles.
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