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Abstract: Negative pressure wound therapy (NPWT) has been commonly used over the years for
a wide range of chronic/refractory lesions. Alternatively, autologous micrografting technology is
recently becoming a powerful modality for initiating wound healing. The case presented is of a patient
with a lower leg ulcer that had responded poorly to NPWT alone for three weeks. Consequently,
the patient was put on a combination therapy of NPWT and micrografting. After injection of a dermal
tissue micrografts suspension into the entire wound bed, NPWT was performed successively for
two weeks, resulting in fresh granulation tissue formation. Thereafter, the autologous skin graft was
taken well. This case study indicates that for a chronic/refractory ulcer patient with poor NPWT
outcome, combination therapy using micrografting treatment and NPWT could rapidly initiate and
enhance granulation tissue formation, creating a favorable bedding for subsequent skin grafting.
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1. Introduction

Negative pressure wound therapy (NPWT), which has been established since the 1990s, is an
effective technology for wound management [1,2]. The therapy is less invasive for patients with
intractable wounds, and applicable for a wide range of lesions: acute or subacute ulcers, such as massive
avulsion injury and open fracture of the limb, to chronic wounds, including decubitus, venous stasis
and diabetic foot ulcers [1]. The mode of action of NPWT facilitates the removal of excessive exudate
or infectious discharge and the reduction of edema, and stimulates the granulation tissue formation [1].
Wound healing is a successive multistage process that involves inflammation, cell proliferation and
tissue remodeling. If exacerbating factors, including microbial biofilms, necrotic tissue, wound infection
and impaired circulation, are present, the cascade could derail and arrest the wound at its chronic phase.
Recent documentation shows that NPWT therapy improves granulation tissue status by inducing
an increase in blood perfusion and vascular endothelial growth factor (VEGF) secretion in the lesion
sites [2]. It also has been demonstrated that NPWT regulates inflammatory cytokines and contributes
to positive effects on a molecular biological level of the wound healing [3]. The findings denote the
crucial importance of cellular reactivation in the wound for progressing the wound healing process.
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Among the many clinically available technologies for wound treatments, the micrograft technique
is a method using the patients’ own healthy tissue grafted onto their lesions. This is an old technique
but comprises a unique medical concept. The Meek micrografting method [4], regarded as a modern
micrografting technique, is adopted for extensive burn wounds, but the tissue size remains relatively
large, by which the coverage area is limited in lesions [5]. Today, the tissue graft size has become
even more important for inducing subsequent cellular reactions derived from the grafted tissue.
In consideration of the graft size, a medical device named Rigeneracons (Human Brain Wave Srl,
Torino, Italy) provides a mechanical production of double-digit micron autologous micrografts in size,
which enables coverage of the entire wound area without any enzymatic digestions, allowing cellular
viability to be kept at higher levels [6]. Recent studies with Rigeneracons [7,8] indicate that wound
healing in mice is accelerated, and transforming growth factor-beta1 (TGF-β1) expression was selectively
upregulated in granulation tissue accompanied by matured collagen matrixes even in the early phase.
In addition, α-smooth muscle actin expressing myofibroblasts and neovascularization abundantly
appeared in granulation tissue.

Looking back at its history, this particular micrografts technology started with hair-containing punched
tissues [9], and since then, different tissues have been subjected: skin [10], dermis [11], fat [12],
periosteum [13], cartilage [14], bone [15], and atrial appendage [16]. The grafts may contain by themselves
resident cells, progenitor cells, as well as various tissue factors including cytokines and growth factors.
This micrografts technique has been clinically applied for different pathologic lesions, such as chronic
ulcers [17–19], exaggerated scars [20] and wound opening [10,21]. Riccio et al. (2019) [22] recently
performed a multicenter clinical analysis using the micrograft technique in complicated traumatic ulcers
with large loss of skin and soft tissue in the lower limbs of 70 patients, resulting in stimulation of skin
regeneration with less scarring. The aim of reconstructive treatment is the morphological and functional
restoration. The autologous micrografts technique utilizes a new concept in regenerative medicine for
severe traumatic wounds.

In this brief communication, we report the use and beneficial effects of the Rigenera autologous
micrografts technology in combination with NPWT for a refractory ulcer that improved dramatically.

2. Materials and Methods

A 20-year-old man fell down while riding a motorcycle and was taken to a critical care center.
His consciousness was clear, no damage to the skin on the body surface was observed, and he only
complained of pain and swelling in his right thigh. As a result of the medical examination, he was
diagnosed as having a right femoral shaft fracture surrounded by vascular injury. On the same
day, an external fixation device was applied to retain the fracture site, and the damaged superficial
femoral artery was repaired. Six hours later, severe pain and swelling appeared in the right lower
leg. When the intra-fascial tissue pressure was measured on the anterior and posterior surfaces of the
lower leg, both of which were 80 mmHg, the patient was diagnosed with compartment syndrome and
an emergency relief incision for dilatation was performed. The postoperative course was uneventful,
and on the 8th day, he was introduced to us due to the unclosed wound. When transferred to our
department, the patient was subjected to NPWT (−125 mmHg) alone for the first 3 weeks, and then
underwent combined therapy with the Rigenera-obtained micrografts.

In preparing the micrografts solution, a small dermal tissue sample (10 × 20 mm) was harvested
from the outer part of the patient’s left thigh, which was immediately disaggregated using the Rigenera
machine (Human Brain Wave Srl) as described in Figure 1. In our protocol, a total of 2.5 mL of
micrografts suspension was injected several millimeters in depth around and over the wound surface.
Subsequently, NPWT was applied at −125 mmHg on the same day and successively applied for
2 weeks thereafter.
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Figure 1. In order to use the Rigeneracons device, a small sample autologous tissue is collected from 
the outer part of the patient’s thigh (a). The dermal component of skin is selected (b). The tissue 
sample along with sterile saline solution are inserted inside the device, later activated for 2 min (c). 
The tissue is disaggregated into micrografts which are suspended within the sterile saline solution 
and collected with a syringe from the reservoir of the device, ready to be grafted on the patient (d). 

3. Results 

At the first visit to our department, the tissue defect on the outer side of the patient’s right leg 
was 8 × 20 cm in size, forming a dent with a depth reaching the interosseous membrane (Figure 2a). 
Necrotic tissue was also observed in its vicinity. Wound management was started using NPWT (−125 
mmHg), which led to unsatisfactory results and thin granulation tissue in the recess even after 3 
weeks (Figure 2b). Therefore, our team decided to use the Rigenera micrografts technology in order 
to speed up the wound healing process. The micrografts suspension was injected into the ulcer floor, 
followed by NPWT under the same conditions (−125 mmHg). After 2 weeks, the wound was 
markedly covered with excellent granulation tissue (Figure 2c). Lastly, to resurface the wound, we 
used meshed skin grafting as the wound bed was adequate and ready; the intake rate was 100% and 
no relapse was seen even after 6 months (Figure 2d).  

Figure 1. In order to use the Rigeneracons device, a small sample autologous tissue is collected from
the outer part of the patient’s thigh (a). The dermal component of skin is selected (b). The tissue sample
along with sterile saline solution are inserted inside the device, later activated for 2 min (c). The tissue
is disaggregated into micrografts which are suspended within the sterile saline solution and collected
with a syringe from the reservoir of the device, ready to be grafted on the patient (d).

3. Results

At the first visit to our department, the tissue defect on the outer side of the patient’s right leg
was 8 × 20 cm in size, forming a dent with a depth reaching the interosseous membrane (Figure 2a).
Necrotic tissue was also observed in its vicinity. Wound management was started using NPWT
(−125 mmHg), which led to unsatisfactory results and thin granulation tissue in the recess even after
3 weeks (Figure 2b). Therefore, our team decided to use the Rigenera micrografts technology in order
to speed up the wound healing process. The micrografts suspension was injected into the ulcer floor,
followed by NPWT under the same conditions (−125 mmHg). After 2 weeks, the wound was markedly
covered with excellent granulation tissue (Figure 2c). Lastly, to resurface the wound, we used meshed
skin grafting as the wound bed was adequate and ready; the intake rate was 100% and no relapse was
seen even after 6 months (Figure 2d).
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Figure 2. Eight days after emergency incision for the relief of lower leg compartment syndrome. The 
wound reached the interosseous membrane, and necrotic tissue was observed in its vicinity (a). Three 
weeks after the wound management with negative pressure wound therapy (NPWT). Still being 
deeply graved, the wound was complemented with micrografts treatment using Rigenera technology 
(b). In just two weeks, the wound was covered with good granulation, and meshed skin graft was 
performed (c). Six months later from the skin graft we observed 100% of graft intake (d). 

4. Discussion 

The present study demonstrated that in the case of a patient with chronic/refractory ulcers 
resulting in NPWT failure, a combination therapy of micrografts treatment and NPWT could initiate 
and enhance granulation tissue formation, creating a favorable bedding for subsequent skin grafting. 

This micrografting technique has been used for different types of tissue injuries, and the 
established method, the Rigenera technology, [5] utilizes a certified medical device designed to 
disaggregate in only 2 min autologous grafts. In vitro studies have shown that mechanically obtained 
micrografts are enriched with mesenchymal progenitor cells, growth factors, and extracellular matrix 
components [19,23]. The technology has been successfully applied in different clinical contexts: 
dentistry field [13], dermatology for androgenetic alopecia [9,24], traumatology for chondropathy 
[14], osteonecrosis [15], and cardiology field for cardiac ischemia [16]. Our present result 
demonstrated that micrografts helped a severe intractable wound to generate qualified granulation 
tissue. Taken together, these findings signify that micrografts can enhance potential biological 
activity to a higher level when faced with tissue injury, which can also lead to wound healing and 
regeneration in different tissues.  

It is known that NPWT provides strong support in pushing the chronic wound forward and 
getting it through the wound healing cascade. In the wound repair process, a wide variety of growth 
factors or cytokines are involved, manifesting biological roles which include TGF-β1, platelet-derived 
growth factor, connective tissue growth factor, epidermal growth factor and VEGF [25]. They are all 
crucial factors for wound healing. In the present communication, it can be surmised that the 
simultaneous application of NPWT and micrografts has a clinically favorable effect on the rapid 
formation of granulation tissue; NPWT may ameliorate exudative wounds to a better circumstance 
for cells, and micrografted tissues may initiate granulation tissue developments. To our knowledge, 

Figure 2. Eight days after emergency incision for the relief of lower leg compartment syndrome.
The wound reached the interosseous membrane, and necrotic tissue was observed in its vicinity (a).
Three weeks after the wound management with negative pressure wound therapy (NPWT). Still being
deeply graved, the wound was complemented with micrografts treatment using Rigenera technology
(b). In just two weeks, the wound was covered with good granulation, and meshed skin graft was
performed (c). Six months later from the skin graft we observed 100% of graft intake (d).

4. Discussion

The present study demonstrated that in the case of a patient with chronic/refractory ulcers
resulting in NPWT failure, a combination therapy of micrografts treatment and NPWT could initiate
and enhance granulation tissue formation, creating a favorable bedding for subsequent skin grafting.

This micrografting technique has been used for different types of tissue injuries, and the
established method, the Rigenera technology, [5] utilizes a certified medical device designed to
disaggregate in only 2 min autologous grafts. In vitro studies have shown that mechanically
obtained micrografts are enriched with mesenchymal progenitor cells, growth factors, and extracellular
matrix components [19,23]. The technology has been successfully applied in different clinical contexts:
dentistry field [13], dermatology for androgenetic alopecia [9,24], traumatology for chondropathy [14],
osteonecrosis [15], and cardiology field for cardiac ischemia [16]. Our present result demonstrated that
micrografts helped a severe intractable wound to generate qualified granulation tissue. Taken together,
these findings signify that micrografts can enhance potential biological activity to a higher level when
faced with tissue injury, which can also lead to wound healing and regeneration in different tissues.

It is known that NPWT provides strong support in pushing the chronic wound forward and
getting it through the wound healing cascade. In the wound repair process, a wide variety of growth
factors or cytokines are involved, manifesting biological roles which include TGF-β1, platelet-derived
growth factor, connective tissue growth factor, epidermal growth factor and VEGF [25]. They are
all crucial factors for wound healing. In the present communication, it can be surmised that the
simultaneous application of NPWT and micrografts has a clinically favorable effect on the rapid
formation of granulation tissue; NPWT may ameliorate exudative wounds to a better circumstance
for cells, and micrografted tissues may initiate granulation tissue developments. To our knowledge,
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no article has been reported in a clinical case where a refractory cutaneous ulcer lesion was managed
with both NPWT and micrografts at the same time. Therefore, our concern was following micrografts
infiltration when and with what pressure NPWT should be re-started. In our protocol, the micrografts
suspension was injected several millimeters in depth around and over the wound surface, and the
NPWT device was applied at −125 mmHg on the same day. Administration of negative pressure
on the lesion after the engraftment of micronized autologous tissue could potentially suck out the
micrografts, which, in turn, may possibly scale down the wound healing ability that micrografts
possess. It is of paramount importance to maintain the tissue amount grafted in a lesion to initiate
active and substantial healing.

5. Conclusions

By combining the NPWT and autologous dermal micrografts, we were able to achieve additional
benefits to the wound healing which was clinically confirmed through rapidly accelerated granulation
formation in the patient’s lower leg at the chronic ulcer site. Moreover, it is conceivable that it may
take several days of interval before resuming the NPWT after micrografting, or even applying it at
a weaker negative pressure setting, such as at −5 mmHg. To clarify this point, further investigation
would be necessary to identify the true potentials of this combination therapy.
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