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Abstract. – BACKGROUND: Recently, the 
infiltration of a subpopulation of cells repre-
sented by mononucleated cells extracted from 
peripheral blood [Peripheral Blood-Mononucle-
ar Cells (PB-MNCs)] is becoming a useful tech-
nique for medical and surgical regenerative pro-
cedures. Due to the angiogenetic and regener-
ative properties of PB-MNCs, the infiltration of 
these cells is, in our opinion, a new option indi-
cated in the treatment of pathologies character-
ized by tissue dystrophy, loss of vascularization, 
and non-healing wounds. 

CASE PRESENTATION: A 25-year-old ac-
tive smoker patient was diagnosed with Rhab-
domyosarcoma of the anterior tibial muscle of 
his left leg and treated with neoadjuvant che-
mo- and radiotherapy (RT). After the tumor ex-
cision, the patient developed wound dehis-
cence with bone exposure and a perilesional 
radiation-induced chronic dermatitis charac-
terized by skin dyschromia and hair thinning 
along the treated area. The patient underwent 
surgical debridement and reconstruction with 
autologous skin grafts and dermal substitutes, 
with poor outcomes due to graft failure. The 
patient was subsequently treated with surgical 
debridement and coverage with a reverse su-
ral fascia-cutaneous flap. After 13 days, wound 
dehiscence was observed, and reconstruction 
of the dehiscent areas was performed with 
a split-thickness autologous skin graft with 
no success. After wound debridement, a new 
split-thickness skin graft was performed, and 
a concentrate of autologous PB-MNCs was in-
jected in the flap and perilesional skin. After 
14 days, graft take was reached, and improve-
ments in perilesional tissue tropism were not-
ed. At 2 months follow-up, the patient appeared 
completely healed.

CONCLUSIONS: In our opinion, the use of 
PB-MNCs to treat conditions characterized by 
tissue dystrophy, which require neoangiogene-
sis and cell regeneration, can be a useful and 
unconsidered technique that could be utilized 

to improve tissue tropism. Furthermore, pro-
spective trials are necessary to validate our ob-
servations.
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Introduction

Recently, the infiltration of a subpopulation of 
cells represented by mononucleated cells extracted 
from peripheral blood [Peripheral Blood-Mono-
nuclear Cells (PB-MNCs)] is becoming a useful 
technique for medical and surgical regenerative 
procedures1. PB-MNCs derive from hematopoietic 
bone marrow cells, representing 3-8% of the white 
blood cells (WBC), and are resident in tissues as 
macrophages. Their role seems to be crucial in host 
defense, promotion, and resolution of inflamma-
tion, as well as in supporting cell proliferation and 
tissue repair processes2. Solid outcomes1,3,4 show 
how human circulating monocytes are multipo-
tent progenitors with high plasticity, which makes 
these cells capable of changing their phenotype in 
response to different environmental stimuli. 

Several studies5-7 demonstrated PB-MNCs’ 
ability to induce angiogenesis and arteriogene-
sis, as occurs in tumor vascular supply, modu-
lating the formation of tumoral blood and lym-
phatic vessels5 as a consequence of local tissue 
ischemia.

Therefore, because of the angiogenetic and 
regenerative properties of PB-MNCs, the infil-
tration of these cells is, in our opinion, a new 
option indicated in the treatment of pathologies 
characterized by tissue dystrophy, loss of vascu-
larization, and non-healing wounds. 
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Here, we present a case of a chronic non-heal-
ing wound following the excision of a rhab-
domyosarcoma of the leg. After conservative 
management with locally advanced dressings, the 
perilesional skin still appeared dyschromic, with 
vascular sufferance, and not fully healed. Consid-
ering the newest trends in regenerative surgery, 
we decided to adopt the autologous PB-MNC 
inoculation as a treatment option. 

Case Report

Patient History and Clinical Presentation
A 25-year-old male patient came to our atten-

tion with a full-thickness wound with bone expo-
sure (Figure 1a). In his clinical history, he report-
ed a Rhabdomyosarcoma of his left leg treated 
with neo-adjuvant chemo- and radiotherapy and 
demolition surgery. The tumor was T2N0M0, 
stage IIIA, Grade G2, and so treated with che-
motherapy composed of anthracycline and ifosfa-
mide, followed by 50 grays (Gy) of radiation frac-
tioned in 2 Gy per day. Especially because of the 
radiation therapy, the perilesional skin appeared 
dyschromic, sclerotic, and dyskeratotic with hair 
bulb loss. The patient underwent many recon-
structive surgeries in other institutions, such as 
dermo-epidermal graft alone or combined with 
a dermal substitute, outcoming without healing 
improvements.

Patient and Wound Management
A cultural swab with an antibiogram was per-

formed, and empirical antibiotic treatment with 
amoxicillin/clavulanic acid 1 g every 8 hours 
was set. In the meantime, treatment with Vacuum 
Assisted Closure (VAC) therapy was applied for 7 
days before the reconstructive surgery in our insti-
tution. After treatment with VAC therapy (Figure 
1b), granulation tissue was detected in the lateral 
portion of the wound, while bone exposure was 
still evident in the medial part.

The cultural swab resulted positive for Pseudo-
monas aeruginosa, and specific antibiotic therapy 
was set with an infusion of 2 g of Ceftazidime and 
0.5 g of Avibactam every 8 hours/day for one week. 

Therefore, reconstruction with a fascia-cuta-
neous sural flap was opted for (Figure 1c), con-
sidering the iatrogenic absence of the anterior 
tibial artery, probably injured during previous 
treatments, which excluded any microsurgical 
procedures. Contraindications were represented 
by the patient’s poor compliance and smoking 
habits. The donor site was reconstructed using 
a dermal substitute and partial thickness autolo-
gous dermo-epidermal graft.

During the first post-operative days, the wound 
showed partial dehiscence of the suture placed 
between the flap (Figure 2a) and the peri-lesional 
skin, probably due to the tissue damage induced 
by radiotherapy. In fact, during the suturing time 
following the flap inset, the poor quality of the 

Figure 1. A full-thickness wound with bone exposure of the left leg before (a) and after (b) 7 days of NPWT. 
Wound reconstruction with a reverse fascia-cutaneous sural flap (c).



S. Carella, L. Patanè, M. Castrechini, F. Lo Torto, G. Marruzzo, et al

3592

perilesional skin was noted, making difficult the 
primary suture of the wound. At 8 days, the flap 
appeared vital, and the dehiscence in the lower 
part of the wound appeared to be wider. The 
dermo-epidermal graft in the flap donor site un-
derwent partial take (Figure 2a). At one month, a 
surgical revision of the wound was practiced with 
a dermo-epidermal skin graft, and VAC therapy 
was applied either on the donor site or the dehis-
cent area (Figure 2b). 

At 2 months, non-engraftment of the der-
mo-epidermal skin graft in the lower area was 
noted, and a new dehiscence of the upper portion 
developed (Figure 2c). Afterward, VAC therapy 
was still carried out on the non-re-epithelialized 
areas. A new cultural swab was performed free 
from bacterial contamination.

At 3 months, one more surgical debridement 
was performed, and reconstruction with par-
tial thickness and meshed dermo-epidermal graft 
was planned to close the dehisced area. At the 
same time of surgery, PB-MNCs were injected 
both in the flap and in the peri-lesional skin, and 
VAC therapy was applied over the skin graft (Fig-
ure 3). Dressing changes were done 2 times per 
week following VAC-therapy removal in postop-
erative day 14. Two months after the last surgery, 

the donor and recipient sites were completely 
healed, with an improvement of the peri-lesional 
skin tropism (Figure 3d).

Surgical Technique
The collection of mononuclear cells was per-

formed in the operating room by sampling 120 ml 
of peripheral venous blood. A disposable kit was 
used as a closed-circuit system, which is in line 
with current international guidelines for the prepa-
ration of biological products (GMP). The blood 
drawn with a 120 ml syringe with the addition of 
5 ml of heparin (or two 60 ml syringes, each with 
the addition of 2.25 ml of heparin) was injected in-
to the kit bag. From here, the fluid passed through 
a selective gravity filter (Figures 3a and 3b). The 
negatively charged filter attracted the positive to-
ti-nuclear cells (TNCs), while the residual cells 
(platelets and red blood cells, which are devoid of 
nuclei and negatively charged) bypassed the filter 
and were collected in a waste bag. The mononucle-
ar cells were recovered by backwashing the filter 
with 10 cc of saline, which allowed the detachment 
of the cells from the filter walls.

Infiltrations were performed with a 1 ml syringe 
and 21-gauge needle every 1 cm2 of the involved 
area at the subdermal level, in the amount of 

Figure 2. Partial suture dehiscence in the first postoperative days (a). At 8 days postoperatively, the sural flap 
is vital. The dehiscence in the lower part is treated with a dermo-epidermal graft and the upper part by primary 
reapproximation (b). Complete failure of this procedure is noted (c).



PB-MNCs in lower limb reconstruction

3593

approximately 0.25 ml/cm2 (Figure 3c). The infil-
tration was performed by the same operator. The 
entire procedure is intended to avoid granulocyte 
contamination, which is reported to impair results.

Discussion

The clinical outcomes reached by using PB-
MNCs are supported by their angiogenetic and 
vasculogenetic properties. Vascular renovation is 
due to Circulating Endothelial Progenitor Cells 
(EPCs), a subpopulation of the secretive fraction 
of PB-MNCs in the peripheral blood that releases 
angiogenetic factors (VEGF-A, FGF, IGF-1)8. As 
it was demonstrated that EPCs are reduced in 
number and function in diabetic patients9,10, PB-
MNCs may represent a potentially useful treat-
ment for patients with vascular and dystrophic 
illness.

Animal and Human Research
In animal models11 of diabetes mellitus, trans-

plantation of bone- or blood-derived EPCs has 
been demonstrated to improve the blood flow, 
neovascularization, and healing of diabetic ulcers 
in mice. 

In some animal model studies12 of critical isch-
emia of the limb with tissue injury, improvement 
of the ABI index (Ankle Brachial Index) was 
demonstrated as a reduction in the surface ulcer 
area and a reduction in pain after PB-MNCs 
implantation. Furthermore, it was found13,14 that 
the whole injection of PB-MNCs plays a more 
important role than only an EPC fraction in the 
production of VEGF.

Recent studies15-17 showed how local intramus-
cular transplantation PB-MNCs, and granulocyte 
colony-stimulating factor (G-CSF) had effective 
results in patients with no-option critical limb 
ischemia (CLI) who were not considered suit-
able to undergo surgical bypass or percutaneous 
transluminal angioplasty.

In addition to the examples above, it is fully 
clear that macrophages play important roles in 
the pathogenesis of autoimmune diseases, as in 
rheumatoid arthritis18,19.

Wound Healing
Above all, scientific research continued to 

investigate the biological processes of neoan-
giogenesis and how these cells act by promoting 
the growth of new and functional vessels in 
damaged tissue. This is especially true because 

Figure 3. Filtration of 100 ml of peripheral blood, flew by gravity through the filter (a). Collection of the cell 
concentrate in a sterile bag (b). 10 syringes of PB-MNCs concentrate were then extracted from the bag and injected 
in multiple spots (c). Twenty days result following this procedure (d). 
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neovascularization is significantly reduced in 
the absence of monocytes, and the increase in 
capillary density is proportional to monocyte 
accumulation20,21. 

Usually, monocytes are resident in the healthy 
tissue in their quiescent form, named “M0”, 
in the dermis with fibroblasts. When a skin 
lesion develops in the reparative phase, mono-
cytes “M0” are activated by specific cytokines 
and transformed into inflammatory macrophages 
(M1). This macrophage status maintains the in-
flammatory environment in the wound. As tis-
sue repair proceeds, macrophages polarize into 
reparative macrophages (M2) due to the stimuli 
of interleukins, glucocorticoids, and TGFb1. Nu-
merous studies22-24 show that in the chronic stage 
of inflammation, M2 macrophage polarization - 
which is reported to be necessary to the healing 
process- interrupts. In fact, in vasculopathy and 
diabetic patients, as well as in patients with some 
inflammatory diseases and aging, acute inflam-
mation becomes chronic due to macrophage M1 
activation22-24.

This phenotype is characterized by the per-
sistence of the inflammatory state, which pre-
vents physiological healing. Due to this fact, it 
has been shown25,26 that by promoting the M2 
phenotype through specific polarization of local 
M1 polarized macrophages, the inflammatory 
response can be redirected toward the healing 
phase. This was demonstrated27 by implanting a 
cellular concentrate of monocytes into the target 
non-healing tissue, inducing macrophage polar-
ization from M1 to M2.

Once polarized in the M2 subtype, macro-
phages recruit fibroblasts into the wound and 
promote their differentiation into myofibro-
blasts. Moreover, this cell population releases 
anti-inflammatory and pro-angiogenic factors, 
which facilitate the resolution of inflammation, 
recruit endothelial cells, and induce fibroblasts 
to deposit new extracellular matrix (ECM). 

Our institution fully valued and applied the 
functional plasticity of human multipotential cell 
progenitors to support surgical outcomes and 
as first-line therapy in several pathologies. We 
widely applied cell-based therapy with cultured 
adipose-derived stromal cells (ADSCs) in the 
treatment of cutaneous manifestations in patients 
affected by systemic sclerosis (SSc), showing im-
provements in either mouth functional disability 
and physiological and pathological vulvar dystro-
phies28-31. 

However, a growing body of preclinical evi-
dence32-35 shows that growth factors, especially 
adipocytes and adipose-derived stromal cells, 
may have pro-tumorigenic potential. Despite 
that, no clear indication from clinical studies 
has demonstrated an increased risk of cancer 
recurrence upon adipose cell injections, and, on 
the whole, there is no evidence linking the same 
properties to monocyte injection32-35.

Following our experience and well aware of 
all the above scientific evidence, we thought PB-
MNC-based therapy would find its application in 
the treatment of chronic wounds since PB-MNCs 
could induce increased vascularization due to 
their angiogenic properties and tissue tropism 
improvement thanks to their eutrophic effect. 

Due to the vascular desert characterizing 
tissues affected by radiodermatitis, we decided 
to exploit the angiogenetic property of the PB-
MNC in order to improve the peri-lesional skin 
tropism. The process of monocyte-macrophage 
differentiation is, therefore, potentially attrac-
tive when seeking therapeutic targets to amplify 
or modulate the inflammatory response. In our 
case, the reconstruction with the fascia-cutane-
ous sural flap led to all the mentioned conditions 
of metabolic stress, vascular insufficiency, and 
skin suffering due to radio- and chemother-
apy and the smoking attitude of the patient. 
Considering the importance of a well-vascular 
supply to the flap, the local conditions limited 
the flap’s integration in this case, as similarly 
happened with dermo-epidermal grafts.

About two months after the PB-MNCs injec-
tion, donor and recipient sites were completely 
healed, with an improvement in the peri-lesional 
skin tropism, demonstrating a synergic efficacy 
between the skin graft and the PB-MNCs local 
inoculation (Figure 4). Even if the follow-up is 
short, a current limitation of this study is that we 
could detect patient healing in a reasonable time 
after multiple failed treatment options.

Conclusions 

In our opinion, the use of PB-MNCs to treat 
conditions characterized by tissue dystrophy, 
which require neoangiogenesis and cell regenera-
tion, can be a useful and unconsidered technique 
that could be utilized to improve tissue tropism. 
Furthermore, prospective trials are necessary to 
validate our observations.
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