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Intra-Articular Implantation of Stromal Vascular Fraction Plus
Platelet Rich Plasma in a Degenerative Meniscal Injury
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Regenerative medicine and specifically stem cell therapy is growing
in popularity in a variety of orthopedic conditions including meniscal injuries. Stromal vascular fraction (SVF) which is easily obtained
from adipose (fat tissue) is a mixture of adipose derived stem cells/
mesenchymal stem cells, pericytes, fibroblasts, progenitor/endothelial cells, and other cells. A mini-lipoaspiration procedure to obtain
a small sample of fat can be completed using a cannula under local
anesthesia. The SVF is separated from the adipocytes (fat cells) using
enzyme digestion and centrifugation. Platelet rich plasma (PRP) from
the peripheral blood is a mixture of growth factors and cytokines. We
present a case study and to our knowledge first in man with a before
and after arthroscopic evaluation showing the repair of a meniscal
tear using SVF plus PRP. Adipose tissue (65 mL) was removed via
a mini-lipoaspirate procedure under local anesthesia. Approximately
5 mL of whole fat was washed and prepared for injection. For the
remaining 60 mL of fat, the adipocytes were removed after enzyme
digestion and centrifugation to isolate the SVF. PRP (approximately
4 mL) was used to resuspend the cells for an intra-articular injection.
The patient received five additional PRP injections of 2.5 mL at 3 - 4
week intervals. The patient was monitored over a 12-month period for
safety (including severe adverse events (SAEs) and adverse events)
and quality of life parameters. In addition, an arthroscopic evaluation
was completed at baseline and 9 months post procedure. There were
no reported SAEs or other safety complications during the procedure
or the follow-up time period. The patient demonstrated reduction of
pain with clearly visible repair on the arthroscopic evaluation. The
patient expressed an overall improvement in quality of life and willingness to repeat PRP treatments. Based on the outcomes of this case
study, intra-articular injection of SVF plus PRP could be a feasible
treatment plan for a patient with chronic meniscus injury.
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Introduction
Meniscal injuries are the most common knee injury with an
average annual rate of incidence of 66 per 100,000 [1]. In the
United States, meniscal surgeries are performed on approximately 850,000 patients each year [2]. Arthroscopic surgery
for meniscal injuries is a commonly performed procedure.
The trend towards arthroscopic debridement of degenerative
meniscal tears has been more controversial as of late, with
several studies suggesting that this procedure can accelerate
the arthritic process in certain circumstances especially in
older individuals [3]. There is evidence to suggest that there
is no benefit to arthroscopic debridement for certain types of
meniscal tears over non-operative sham treatments [4, 5]. Exercise therapy may accomplish similar or better outcomes as
compared to surgery with regards to muscle strength and pain
[6].
Mesenchymal/multipotential stem cells or MSCs are being used in a variety of diseases and injuries. MSCs can be collected from many tissues in the body. These cells are believed
to promote a healing cascade to repair damaged or aged tissue.
MSCs can be expanded/multiplied in culture and can differentiate into several different types of tissue. Because MSCs
are thought to stimulate the body’s natural healing mechanism,
they are currently being considered as an option in various indications [7, 8]. These cells may stimulate an immunomodulatory or paracrine response and reduce inflammation. MSCs
have been reported in the literature to have tremendous tissue
repair or regenerative capabilities [8, 9]. This new paradigm in
medicine involves exploiting stem cells and taking advantage
of their ability to replicate and promote a cascade of events
leading to new tissue formation. MSCs may reduce inflammation and scarring, and promote angiogenesis and healing [10].
A proposed mechanism of action of cellular medicine which
includes a complex paracrine activity involving the expression and down regulation of cytokines and growth factors is
thought to be responsible for the regeneration of damaged tissues. Caplan et al have described a process in which a pericyte
becomes activated and becomes an MSC creating a regenerative microenvironment [11]. The body’s microvasculature is
coated with pericytes which become activated in an injury
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environment. The pericytes release from the capillaries and
microvessels after an injury begin the paracrine effect. This
complex signaling process causes the homing of other cells
to the area to repair damaged tissue and regeneration occurs.
MSCs can be collected in high numbers from adipose or
fat tissue. Adipose derived stem cells (ADSCs) are MSCs collected from fat. Subcutaneous fat containing high amounts of
stem cells can be easily isolated from the abdomen or flanks
via mini-lipoaspiration [12]. ADSCs, like MSCs, are able to
replicate in culture and are multipotential with ability to form
bone, cartilage, muscle and fat. These cells express a variety of
cytokines and growth factors which are known to be part of the
healing cascade and can promote new blood vessel formation.
Playing a role in the local inflammation process, this complex
signaling can facilitate healing and repair of damaged tissue
[13, 14].
A stromal vascular fraction (SVF) is a cell population that
can be isolated from adipose tissue. Fat is collected via minilipoaspiration and the adipocytes (fat cells) are removed to
leave behind a variety of cells including ADSCs and growth
factors. In particular, a large percentage of the cells in an SVF
express CD34, a protein associated with vasculogenesis and
angiogenesis [15]. CD34 protein is found on the surface of
pericytes and MSCs. More specifically, cells expressing CD34
help to stabilize endothelial networks in a periendothelial location. Due to the high amount of regenerative stem cells from
adipose tissue, SVF may offer a novel therapy option for degenerative disease and tissue damage. SVF has recently been
reported in many indications as an out-patient therapy. Fat tissue is a preferred source for stem cells as compared to bone
marrow due to the relative higher amounts of MSCs and lower
amounts of leukocytes [16]. In addition fat tissue has a network of microvessels and capillaries which are rich in pericytes [17, 18].
Injection of SVF may be anti-inflammatory, pro-healing,
and anti-scarring. Fat tissue can be easily and safely harvested
and SVF can be collected bedside making it an attractive therapeutic option for physicians to offer to their patients [19]. A
variety of publications have reported on the injection of SVF
including: osteoarthritis [20, -21], degenerative disc disease
[22], sclerosis [23], tendinopathy [24], congestive heart failure [25], chronic obstructive pulmonary disease (COPD) [26],
radiation necrosis [27], xerostomia [28], psoriasis [29], and
multiple sclerosis [30].
Here we report a case study on the use of SVF from fat
tissue plus PRP for use in meniscus regeneration. Pak et al
reported on the use of adipose stem cells used in single case
of meniscus tissue repair [31]. The therapy resulted in repair
of tear and reduction of pain. A vast majority of publications
to date for meniscal repair using stem cells focus on the use
of bone marrow derived cells [32, 33]. The SVF population
includes high amount of MSCs as compared to bone marrow.
The isolation of fat tissue under local anesthesia in an outpatient procedure is established as a safe protocol and the collection of an SVF for introduction into a damaged meniscus
may offer a new therapeutic approach. Several groups have reported on the use of PRP in meniscal injuries. Betancourt and
Murrell reported on a case study with the use of a single PRP
injection in a degenerative meniscus lesion with considerable
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improvement in pain symptoms [34].

Case Report
Study design
The presented case study was completed on a 56-year-old male
with a chronic meniscus injury. He described a pinching pain
with noticeable edema. In addition, his knee was unstable. Two
prior MRIs obtained before treatment confirmed a tear of the
posterior horn of the medial meniscus. The posterior horn of
the medial meniscus showed decreased size with increased
degeneration in two MRIs over a 3-year period. Questionable
small tears extending to the superior and inferior articular surface are visible. The images also showed irregular fraying of
the inferior articular surface of the posterior horn of the medial
meniscus. An additional MRI taken 1 month prior to treatment
confirmed a new partial-thickness free edge tear of the inner
margin of the medial meniscus which was also confirmed with
arthroscopic imaging.
The patient provided written informed consent to undergo
the experimental clinical protocol. The patient also provided
written informed consent to publication of outcomes, images
and data. A combination of a 5 mL whole fat graft and SVF
suspended in approximately 4 mL of platelet rich plasma was
administered intra-articularly through a 23-gauge needle. The
patient received five follow-up PRP injections (2.5 mL) at 3
- 4 week intervals after initial injection. The patient was monitored for both adverse events (AEs) and serious adverse events
(SAEs). SAEs are defined as any fatal or life-threatening events
leading to hospitalizations, or requiring major medical interventions. Basic physical parameters such as blood work, blood
pressure, weight/height and pulse were collected at baseline. An
arthroscopy evaluation was completed at baseline and 9 months
after treatment to determine the extent of the meniscal tear.
Cell preparation and study intervention
A 30-gauge, 0.5 inch needle was used to administer local numbing followed by a small incision (approximately 3 mm) using
an 18-gauge Nokor needle. A standard tumescent solution containing 1,000 mL normal saline, 50 mL of lidocaine (2%), 8 mL
of sodium bicarbonate (8.4%), and 1 mL of epinephrine (1 mg/
mL) was prepared. Using an infiltration cannula, approximately
660 mL of the tumescent solution was introduced into the subcutaneous fat tissue. A 3 mm Mercedes cannula connected to a
Toomey syringe was used to isolate approximately 65 mL of
fat tissue minus the infranate. Approximately 5 mL of fat was
separated, washed and prepared for direct injection. Using a
commercially available collection kit and enzyme (Adipocell™
Enzyme, US Stem Cell, Inc. Sunrise, FL), the remaining 60 mL
of fat was processed to obtain the SVF.
Using a 22-gauge butterfly needle, whole blood was collected into ACD solution A blood tubes. The autologous whole
blood was centrifuged at 1,200 g for 10 min. The population
just above the buffy coat (white ring) was collected into a 10
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Figure 1. (a) Probe showing tear on the posterior horn of the medial meniscus. (b) Probe showing complete resolution of the
meniscal tear.

mL syringe using a cell extractor. The final SVF pellet was
resuspended in 4 mL of PRP. After saphenous block by 5 mL
1% lidocaine and 1 mL bicarbonate, the 5 mL whole fat graft
was injected intra-articularly proximal to the posterior horn of
the meniscus followed by an injection of the SVF and PRP.
The patient received five additional PRP injections of 2.5 mL
at 3 - 4 week intervals.
Collection of adipose tissue and cell population
The mini-lipoaspirate procedure and the intra-articular injection were well tolerated with no AEs reported. From a total
of 60 mL of fat, approximately 30 - 60 million nucleated cells
remain in the SVF population after adipocyte depletion. SVF
includes a cell population with greater than 50% CD34 expression and high viability (> 90%). The ADSCs isolated can also
differentiate in culture into fat, bone and cartilage [27].
Patient outcomes
During the 12-month follow-up period, the patient reported a
reduction in pain and an improvement in knee function. Figure 1a shows a tear at baseline on the posterior horn of the
medial meniscus. Figure 1b, taken 9 months after the first injection shows complete resolution of the tear. The healed tear
could not be penetrated by the probe. The arthroscopic images
showing resolution were also consistent with quality of life
improvements for the patient including a reduction in pain and
resumption of normal activities.
Safety
The patient did not report AEs or SAEs. The patient experienced very little downtime and was able to resume normal activities in less than 1 week.

Discussion
One of the most common orthopedic injuries is meniscal inju-

ries with arthroscopic debridement frequently performed. Recent literature has exposed the potential limitations of standard
of care for degenerative meniscal tears. Orthopedic indications
including meniscal injuries have been reported in both preclinical and clinical studies using cellular medicine. The use
of SVF in a clinical outpatient setting could be a novel therapy
for these conditions. Appropriate protocols (including repeat
dosing and dose quantity) for specific indications could be determined with larger sample sizes and placebo controls.
While the scientific community works to understand the
complete mechanisms of action during a healing cascade and
the role that stem cells play, it is unclear to what extent this
therapy may facilitate repair in a meniscal injury. The clinical benefits described in this case study could be due to an
immunomodulatory healing effect or as a result of direct cell
engraftment. More probably, the observed clinical improvements in the patients are due to complex series of events as
a result of various cytokines, chemokines and growth factors
that are part of the SVF population. The cascade first reduces
inflammation and then stimulates the formation of healthy,
new tissue.
This case study demonstrated that intra-articular injection
of SVF plus PRP in a knee meniscal injury can be safely completed in an outpatient setting. The procedure was well tolerated with no reported SAEs or AEs. The patient experienced
a reduction in pain with an improved quality of life including
increased activity. Arthroscopic evaluation showed new tissue
formation and resolution of defects. This case study suggested
that SVF is a safe and feasible method to address meniscus
injuries and future studies could help to establish the long-term
effects. Anticipated outcomes could be determined by larger
clinical studies. Double blind placebo-controlled studies could
address specific dosing and frequency of injections as compared to standard of care interventions.
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