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ABSTRACT

Objective:

The Rigenera system is a new standardised mict preparation system. It works by means of autom
mechanical disaggregation of small tissue sampidsacting only the smallest cells (<50pm). The afrthis
study was to retrospectively evaluate patientscedteby chronic ulcers and who were trd with the micrograft
preparation method.

Method:

Chronic ulcers have been included regardless afdlise. The specimen was collected with a 3mm déa
biopsy punch and immediately dissociated by meéatisedRigenera System. The obtained suspensis placed
on a scaffold of equine collagen.

Results:

We included 15 patients (four males, 11 female#f) @imean age of 72.2+8.41 (meanzstandard dev)atears.
In seven patients the ulcers were related to theptoations of diabetes, pr-traumatic it a further three diabetic
patients, vasculitis in one patient, and four patidnad venous leg ulcers (VLUs). The median m@mdter wa:
5.0cm and the median estimated area was 43° The ulcers were present from a mean of 4.50+h&0ths
before intusion in this study. At the second week the woundese reduced by 37.33%+19.35%, at the w
eight, nine patients (60.0%) were healed, and akwé, 13 (86.7%) were healed. The quality of se&as gooc
and did not deteriorate at the six month fol-up.



Conclusion:

The simplicity of the approach, the minimal invasiess of the specimen collection, and the goodtgu#l
scarring of healed wounds, confirmed in the follopy-makes this micrograft preparation method aulsebl to
use on large or complex wounds.

Chronic non-healing wounds can be defined as ttiegaisually have a multifactorial pathogenesis dmdot
follow the normal healing process, remaining unbedbr at least 12 week<hronic wound healing is different
from acute healing because of underlying celluiafuhction and dysregulation, alteration of matriglecules,
and abnormal prolongation of the inflammatory arliferative stages of healirfg.

Autologous skin graft is considered the gold stathdd graft materials, but this approach is sititlited due to
small amount of tissue that can be collected, aride necesssary sample manipulations (grindingriiegation,
enzymatic or mechanical separation methods) thlatcesviability of the obtained cells and incredsedxecution
time. In most studies, micrografting has provebédovalid, effective and less invasive than the ngaaiting
procedures as it uses small amounts of tissue therdonor sit€.An autologous skin suspension, created with a
sheet of split-thickness skin whipped with a corigeral kitchen blendetcould achieve very large expansion
ratios and be readily available, however, becatiigegpoor histological, functional and cosmetisuies>® the
method fell from use. An ideal graft should be indiagely available, non-immunogenic, permanent afels

The Rigenera system is a standardised microgreftapation systerhlt works by means of automated
mechanical disaggregation of small tissue samitlegtracts from them only the smallest cells (¥8i@ron) and
cuts, without damaging, extracellular matrix (ECddnstituents, which can help to reduce the inflatonya
process. Cell characterisation by flow cytometrglgsis shows a heterogeneous pool of cells, inctudi
endothelial cells and mesenchymal stem ells.

Mesenchymal stromal or stem cells, of particulénest in wound healing, are multipotent with trigpdind
support functions. They are able to release afiisimmatory cytokines, trophic and anti-apoptoticl@coles, and
have become of great interest in recent yearseifii¢td of regenerative medicified stem cell-like
subpopulation, named ‘side population cellsias identified in mouse bone marféwnd then in many human
tissues including skift This method allows substantial levels of cell iligbafter disaggregatiof.

The aim of this study was to retrospectively evedymatients treated with the Rigenera method whe w#ected
by chronic ulcers.

Methods
Patient selection

In this paper, we report the results of a retroipeevaluation of chronic leg ulcers treated vatAndardised
micrograft preparation system (Rigenera method)etsi with a medical history of at least 12 wéaksre
included, regardless of the cause. Patients witicalrleg ischaemia or with severe systemic dissagere
excluded. All wound sizes were included and meabwith a measuring tape.

Wound bed preparation

Comorbidities were assessed and treated, by sigézislich as diabetologists, nephrologists, cardisis, and
offloading footwear was produced for neuropathgcuéers. Elastic compression (elastic stockingsamdage)
was applied to patients with venous leg ulcers (Y.LU

Before applying the micrograft preparation, allarkwere treated according to the principles ofvdooed
preparation. The leg ulcers were treated, accorditige treating health professional, with eithen4selective



surgical debridement by means of hydrosurgery @jetsSmith & Nephew§*or with selective surgical
debridement, followed by a dressing according éoghnciples of wound bed preparation, until thei@eement
of an optimal wound bed.

Wound bed preparation is adapted to the wound atatgoarticular time and comprises of tissue mamegt
(removing necrotic tissues and slough), inflamnmatad infection control, moisture balance (reducdadema
and exudates, avoiding exsiccation) and epith@idge) advancemettAdvanced dressings such as
polyurethane, hydrocolloids, alginates, hydrocdkoor hydrogel were chosen by the physician depgnat the
state of the wound.

Specimen (skin sample) collection

The donor area was in the third proximal of theraitregion of the lower leg. The specimen wasectdld with a
3mm diameter biopsy punch, as already describétkititerature’> The volume was approximately 1rfiand
contained the dermis and epidermis.

Micrograft production

The collected skin samples were immediately disgediby means of the Rigenera System (Human Braive\V
Turin, Italy), composed by the Rigeneracons (tisfigriptor) and the Rigenera machine (tissue disrup
system). According to the manufacturer's instruxtiand as already described in the literaté?é’ the collected
skin samples were placed within the Rigeneracamggalvith 1.5ml of injectable sterile saline soluatid he
Rigeneracons is placed into the Rigenera Machiaeiging the mechanical disruption of the insertkith s
samples by means of two metal blades. The disagtjoegime is programmable (from a minimum of 10®s&ls
to a maximum of four minutes). In this experieree@0-second disaggregation time was programmeallfekin
samples, as it was empirically considered mosaBldgtfor skin micrografting.

A grid with 100 hexagonal holes of at was placed at the bottom which allows filtratimpngravity. At the end
of the process, fragments of less thaprB@emaining in the liquid suspension were collectét a syringe.

Scaffold and micrograft application

The obtained suspension was placed on a scaffaldreflenatured and non-cross-linked type | equitiagen
(Salvecoll Avascoll, Como, Italy) to form a bio-cplex to be applied on the ulcer. The suspensionadasrbed
on the scaffold, then the obtained complex wasiegmin the ulcer, and covered with a gauze impreghnaith
hyaluronic acid sodium salt.

Scar evaluation

Scar evaluation was performed by the same treatiggician. The evaluation criteria included sizecdr, any
keloid or hypertrophic characteristics, irreguiast colouration, limitation of functions causeddmars (observed
and referred by the patient), change in sensagifarred by the patient. On the basis of these ttigk criteria,
the scars were classified as good, mediocre or. pimpatient information was collected on the layel
satisfaction in scar quality or the importanceilatiied by patients to the quality of the scar.

Results

The 15 patients studied had a mean age of 72.24thdantstandard deviation) years, four were mateldn
female Table ). In seven patients, ulcer aetiology was relatecbimplications of diabetes, including three
ischaemic ulcers and four neuropathic diabetic fbatrs (DFU). In the three other patients withbéigs, the leg
ulcers were post—traumati€dble 1, one patient had a systemic lupus erythemat@iLis)¢related vasculitis
ulcer, and the remaining four patients had a Vlrisik patients, the ulcer started as a post-traiariesion.



Table 1. Patient charcterlstics

Table 1.Patient charcteristics

Patient, age, sax Typeofwound  Disbetic  Comorbidties

1 Bd-year-old mals I:Enba-ti:: Yes ngpoﬂmsm oy,
{nauropathic) venaus diseass

2 57-year-old male Drabetic i ] Fearal Tailume (diahysis
{mchasmic) treatrmant], PAD

3 88-year-ald male Diabetc Yos Hypertensson, FAD
{ischasmic)

4 Té-ywar-ald male Daabatic Yes Hypartendion, PAD

neuroedathic) (previces FTA)

5 77-ymar-old termals Post-traumstic Yes Hypertension, FAD

675-year-cld female.  Post-raumatic Yes Hypertangion, veneos disease

T T5-yaar-cld famale VLU Mo Hypartension. allsngy

|post-irasmatic)

B §7-year-old formale Vagculfia No BLE

@ 7l-pear-oid temale WLl Ne Hypartension, PAD,

{post-trasmatic) ischasmic heart disense
10 F3-year-ald female DRabatc Yes Hypartensizn, ischoaméic heart
(nasrnpathac) disnie, obwsity, renal talure
11 78-year-old famala VLU Ne Hypartanakon
{post-traumntic)

12 B0-yens-old female  Posi-tmumalie  yes Hypartonaion, imchasmic
hoart dissase, atrial
fbrillatkan, COPD

12 B2year-ckd female . VLU N Hypertonsior, PAD,

{post-travmatic) ischaemic heart dissass

T4 B2-yoar-cid fomale  [Eabatic s Hypartenaéon, PAD (pravigua

fineTnamis) PTA)

15 B2poar-old fomala  Diabatic Yoo Hypariansion, PAD chasmic

inetrnpathic) hbar! disease

WL~ i Vg i, P — fsfaliistil Gty Cliiblniay
COP0-—- cheonic obstructiv puimonary desasn; S1E — syslomio hipo enyhemabons

I, — girtolineininnd Irdririborteiial A 1

All patients had at least one comorbidity, 13 hggentension, two patients were obese, two had ferate, of
whom one was having dialysis treatment. Periptaataly disease (PAD) was found in eight patietiws, ¢f
which had diabetes, and five were affected by isotia heart disease, three of which had diabetes.

The wounds had a median largest diameter of 5.@anyé: 2—25cm). The ulcers were present from aaneufi
16 weeks (range: 12—-48 weeks) before they werteréfsrred to the study groupdble 3.

Table 2.Treatment and healing times



Tabkle 2. Treatment and heallng fimes

Palient Woond Infwction Duraticn WP WEPF Y climmater Healed Huoaled Healing tims:
dintiabes babare duratssn  rodustion al siweekd ot wesh 16 jafier MG)
femj Brasatm ansd balors wook two

Mo

1 2 1 3em o 18w L] L (| e Y 13 dwyw

B 10 x Bom Foa i woaks AWD i ] Fa Yaa Tl days

i Beam M T Weeas HydensLrpary a 50 Yo i dndays

4 253 am Mo 13 waeks Hydrogapary a B0 Mo Yam & dayn

5 =5 T Yok 20 waska AT |ondy 4 weeka 30 M Yea BT daryn

trydragedt

] Anem Ma 12 woaks AT fenly 4 wegka b W Yesi 18 ey

ryddrsgad]

7 34 3am ] 13 waohs Hyckomungary Bweoks 50 Yau You 72 duys

B 2nPom Wou 18 wslhs AT & wdeks a0 Weu e 4T dwyes

i x Sem e 18 wanka Hydrosurgery @ 0o Yau Yoy Bty

-] O Boem Yes 20 weasba AT oy £ waeha 5 Devassad

tydrogeli

11} O x G You 2H wawhs Hydrnsimpsry + 4 wmaha 50 Y Yaa M e

AN

4 x Tem Fu 24 vwaaka AT 4 wmchy 5 M Ha -

-] 2.5 x2om Mo P et AND & waeks 3 Yau e B dargn

1] 10 i 1Rem Mo 20 weesha Hydrosirgary [:] 30 P e 118 days

-] AxIem 1] 1 wadhs Hydrasurgary a 50 Yau Vel 4 dirgm

WlS® —arurnc ibesd pregarsten, b —sscegraftng, SNE - adesrcsad weourd drmeng nofpreSann, by 5 mgraton he byt v e TrRabyg ey

Non-selective hydrosurgical debridement was peréatin seven patients, immediately followed by the
application of the micrograft preparation, excepbine case where the patient was treated with addan
medications (polyurethane foam, hydrocolloids, b¥ithers, chosen according to the characteristithefilcer,
to obtain a good wound bed after surgical debrigdgm@&he remaining eight patients were treated aitlianced
dressings according to the WBP criteria for an agerof 5.00+£1.85 weeks (range: 4-8 weeks). In tbases, the
entire pretreatment was conducted with hydrogedsings, in the other cases the dressings wererclaserding
to the characteristics of the ulcer. At the timeb$ervation, nine ulcers were clinically infected! after a
cultural examinatior®aphylococcus ssp. andPseudomonas aeruginosa were identified. These were treated with
antibiotics (ciprofloxacin 500mg orally every 12une for 10 days or clarithromycin 500 mg orally sv&2

hours for 10 days) and cleaned with diluted antisggiodine or sodium hypochlorite]éble 3. Selective
surgical debridment was performed on the eighep&itreated with advanced dressings.

Each punch was enough to cover a surface of 2cmh the median number of punches was three. Tdlmpef
the punch sites occurred quickly with the applmanf a medicated gauze and without complicatioralicases.

On examination, two weeks after the applicatiothefmicrograft preparation the ulcers were redwredverage
by 37.331£19.35% in largest diameter (range: 5—7®#dian: 30%). At week eight, nine patients (60.0%)e
healed and at week 16 only two patients had ndetl€86.7% healed). In the first case, at weekhkGuicer was
reduced by about 30%, however the patient died frardiovascular causes just after the follow-ujt.Vis the
second case, the ulcer was reduced by about 2@%ekt 16. The mean time of healing in the patiertts tvealed
within 16 weeks was 64.92+34.10 days (range: 13-€B}8, median: 70 days).

Figs 1-3 show examples of the cases treated. For exampl€dke 4Kig 1), a 74-year-old male, already treated
with multiple distal percutaneous transluminal apiasty, had a neuropathic diabetic foot ulcer (RRTEl
suspension with the collagen scaffold was applistiafter treatment= with hydrosurgery and therealed 69
days after the micrograft procedure.

e &k



Fig 1. Case 4, a 74-year-old male with a neuropathicatiatioot ulcer (DFU), already treated with mulépl
distal percutaneous transluminal angioplasty. Aspntationd), application of cell suspension with a collagen
scaffold (immediately after hydrosurgical debridetdb), at the second week)( and at day 69 after the
micrograft procedured(

Fig 2. Case 14, a 62-year-old female presented withcraemic diabetic foot ulcer (DFU) having undergane
previous percutaneous transluminal angioplastyrésentation, dorsad), and plantarly), application of cell
suspension with a collagen scaffold (immediatetgrdiydrosurgery)d), and at day 118 after the micrograft
procedured)

Fig 3. Case 11: a 78-year-old female with a venous legrypost-traumatic). At presentatia),(application of
cell suspension with a collagen scaffold (afterrbgdrgery followed by advanced wound dressibgy) &t the
first week €), and at day 74 after the micrograft proceddde (

Case 14FKig 2) was a 62-year-old female, already treated witisyganeous transluminal angioplasty, with an
ischaemic DFU. At presentation, she was treatek mjitirosurgery, immediately followed by cell susgien
application and the ulcer healed 118 days aftemticeograft procedure.

Case 11Kig 3) was a 78-year-old female who developed a ventwes after a trauma. In this case, the ulcer was
treated with hydrosurgery followed by advanced wbdressing and finally by the application of celgension.
The ulcer healed 74 days after the micrograft ptoce

No signs of recurrence were found at the six mofutew-up. The quality of scars was good in albgcts at
healing time and did not deteriorate at the six tim®ifollow-up. No patient complained of scar proie

Discussion
Allografts, xenografts or engineered artificialrskiffer a rapid and costly approach to achievingnebcoverage.
An ideal graft should be readily available, non-iomagenic, permanent and comfortable for the patient

The micrograft preparation method used in thisystad new procedure that relies on the breakddvenvery
small amounts of donor tissue, obtainable by onaare punches. As the patient is both the donotttzed
acceptor of the tissue at the same surgical morserihis procedure does not represent a tissuellor ¢
transplantation, but a graft (autologous transpléom). The micrografts have been applied alonia or
combination with common biological scaffolds, ligellagen sponges, to optimise the efficacy of ngcafts

implants®22

In the absence of a control group the healing tvwe® relatively short, considering the healingetiofi skin

ulcers in general (for example, the Swedish Regaftticer Treatment? median duration: 12 weeks; mean: 117
weeks) and in view of the long clinical historytb€ ulcers treated. The quality of the scars waslgmd no
relevant aspects of retraction and fibrosis weisgeoked. It is conceivable that this result couldehlbeen



favoured by the use of non-cross-linked type lag#ih scaffold of equine origin. Further studiesreeded to
assess the healing time and the quality of scarpadng various types of scaffolds.

The micrografting method closest to the Rigenerthoteis the ‘autologous skin suspension’, a corersial
method experimented exclusively on animal modetsabandoned because of the poor quality of the
scars?® This means it is difficult to compare our reswlith those of others using similar methods

Limitations

A case series is a collection of patients sharomgraon characteristics used to describe some diinica
pathophysiological or operational aspects of aadisetreatment or diagnostic procedéfeSithough they rank
low in the hierarchy of evidence, case series laan@e in recognising new diseases or in the udyseaentation
of known diseases, in identifying new risk factorghe adverse effects of new drugs or therapiksy &re also
useful for generating hypotheses, they provide dattne effects of a therapy, but they are notuldeftest
hypotheses. From this point of view, our resulisusth not be overestimated and require furtherrigstiith
controlled studies.

Conclusion

In this study we retrospectively evaluated chranders of various aetiology and extension. In noases, ulcers
had very large dimensions and patients were affdayemultiple systemic comorbidities. The overabults were
good for the high proportion of healed ulcers, vgtdod quality scars confirmed at follow-up. The gligity of
the approach, its minimal invasive nature and thadgyuality of scarring of healed wounds makesiieeograft
preparation method a useful tool to use on largeomplex wounds.

Reflective questions
» Can the Rigenera method speed up healing timdderaithat are hard-to-heal?

» How would you describe the quality of the scar oigd with the Rigenera method with standard
dressings?

Declaration of interest: None to declare.
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