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1 Abstract

Mine blast injuries are characterized by multiple blood vessel damage, as well as damage to nerve fibres, muscles and skin.
Infection is an additional aggravating factor. One treatment method is cell therapy. A promising direction of this technique
is platelet autocryolysate (PAC), an abiotechnological product based on the oligopeptides and growth factors obtained
from the patient’s blood platelets. A patient was treated who had suffered a long-term non-healing mine blast wound
of the soft tissues of the left leg. Two secondary surgical debridements were performed, followed by vacuum therapy.
The inflammatory process intensified and was complicated by phlebothrombosis of the deep veins of the leg. After two
applications of PAC, the wound size decreased, the discharge disappeared, and the wound surface was covered with a dry,
loose crust, under which active epithelialization occurred. Using PAC has a positive therapeutic effect in treating long-term,

non-healing blast wounds of the tissues.
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INTRODUCTION

During military operations on the territory of Ukraine, the
number of wounded is rapidly increasing which requires
the development and implementation of new, effective
methods of treatment and rehabilitation. In modern military
operations, the most significant part of combat wounds are
mine-explosive wounds - 70%-75% of the total [1]. The
consequences of these injuries most often (60-65%) are
injuries to the extremities, with the lower extremities affected
three times more often.

Blast trauma is a multifactorial traumatic injury resulting
from the detonation of explosives. The trauma develops
due to the shock wave, wounding projectiles, and exposure
to gases, flames, and toxic substances. The combination
of mechanical, thermal, and chemical damage, differences
in the composition of explosives, distance, and external
conditions, determine the significant polymorphism of
blast trauma. Blast trauma is often complicated by shock-
traumatic, burn, or haemorrhage.

Mine blast injuries are characterized by multiple damage
to blood vessels and nerve fibres, and significant damage to
muscles and skin [2]. In most cases, infection is an additional
aggravating factor [3]. These factors can influence the wound-
healing process and delay it for an extended period [4].
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Platelet-rich plasma (PRP) is a treatment method that
can significantly improve regenerative processes [5-7]. A
promising direction of this technique isthe use of platelet
autocryolysate (PAC), a biotechnological product based on
the oligopeptides, and growth factors obtained from the
patient’s blood platelets [8,9]. The basis of PAC is obtaining
cryolysate of high-quality human platelets from a minimum
volume of the patient’s blood, which is guaranteed to have a
sufficient clinical effect.

The presented clinical case demonstrates the effectiveness
of PAC in treating a long-term non-healing battle wound.
The case is based on medical documentation provided by
one of the authors of the report (A. Barkovsky), the surgeon
who treated the patient.

CASE REPORT

Patient B. On 18 November 2022, a 44-year-old male, received
in combat a mine blast wound which caused predominant
damage to the soft tissues of the left shin. Primary surgical
treatment (removal of foreign bodies from the wound,
excision of dead tissue, haemostasis) was provided directly
in the medical unit. Two days later, the patient was taken
to the hospital for inpatient treatment. On 2 December,
secondary surgical treatment was performed to remove an
accumulation of pus. Subsequently, the wound was treated
daily with chlorhexidine solution, and amoxil was used for
antibacterial therapy at 1,000 mg twice a day. Although some
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positive dynamics were observed, the wound did not heal.
After two weeks, the inflammatory process intensified with
increased local oedema.

On 21 December 2022, the decision was made to perform
another operation for secondary surgical treatment of
the wound, followed by vacuum therapy. In subsequent
treatment, an intravenous infusion of 100 mg pentoxifylline
in 100 ml of 0.9% sodium chloride solution was used daily to
improve peripheral circulation. Physiotherapeutic procedures
included darsonval and laser therapy, once a day, alternately.

Despite the treatment, complete wound healing by secondary
intention did not occur. The inflammatory process intensified
again, cyanosis and an increased pattern of subcutaneous
veins appeared in the wound area, oedema increased, and
the patient complained of bursting pain in the wound area.

On 28 December 2022, due to complicated
phlebothrombosis of deep veins of the leg, secondary sutures
diverged. The decision was made to continue conservative
wound management until it healed. Drug therapy was
enhanced by the addition of dioflan to improve capillary
blood flow, one tablet in the morning and evening, and
cardiomagnyl to prevent secondary thrombus formation —
150 mg daily. Physiotherapy was represented by magnetic
therapy and pressotherapy procedures once a day. As a result
of the ineffectiveness of this treatment, a long-term non-
healing trophic skin ulcer was formed.

Eight months later, on 2 September 2023, the wound was
4x2 cm in size. The edges were undermined and moderately
oedematous. There were compactions with pronounced
cicatricial changes. The bottom of the wound was covered
with pale pink granulations and fibrin films. There was also
amoderate serous-purulent discharge on the dressings, and
signs of peripheral thrombophlebitis (Fig. 1). The patient had
an unstable dermatogenic flexion contracture in the knee
joint: extension up to 140 degrees, accompanied by pain in
the wound area characterized by 5/10 on the VAS.

On 2 September 2023, due to the ineffectiveness of therapy;,
the patient was offered treatment with PAC. Following the
1975 Declaration of Helsinki, written informed consent was
obtained from the patient.
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Figure 1. Condition of the wound before using PAC

Treatment. The production of platelet autocryolysate for
treatment was carried out using the following method [10].
The patient had blood drawn with an anticoagulant (sodium
citrate) in a ratio of 9:1, followed by double centrifugation.
After the first centrifugation at 2,500 rpm for 10 minutes,
the plasma was separated from the red and white blood
cells, and the precipitated fibrin removed. After a second
centrifugation at 3,200 rpm for 3 minutes, the platelet pool
sediment is removed from the platelet-depleted plasma.
When the amount reached about 1x109 platelets/ml, the
resulting precipitate was filtered and collected in a cryovial
frozen in liquid nitrogen to obtain a lysate product containing
growth factors. Before use, the resulting lysate product is
thawed to 37 °C. After preliminary sanitation of the bottom
of the wound and surrounding skin with a chlorhexidine
solution, the patient was given a one-time injection of 4
ml of platelet autocryolysate. A total of 3 procedures were
performed with an interval of seven days The wound was
dressed with an aseptic gauze bandage every other day,
treated with chlorhexidine, and pantestin ointment applied.

The wound was visually assessed a week after the first
procedure (Fig. 2).

Figure 2. Condition of the wound after first PAC injection

The wound decreased in size to 1.7x0.5 cm, and the
perifocal oedema and exudation from the bottom of the
wound decreased. The edges of the wound became softer,
and the discharge was replaced by serous in small quantities.

A week after the third procedure, the size of the wound
decreased to 0.3x0.5 cm, the discharge disappeared, and
the wound surface was covered with a dry, loose crust
under which active epithelization was taking place. The
surrounding skin was without inflammation or swelling,
cellulite and thrombophlebitis were absent, and the severity
of cicatricial changes in the skin edges minimal (Fig. 3).
Movement in the knee joint resumed in full and without pain.
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Figure 3. Condition of the wound after third PAC injection

DISCUSION

In recent years, interest in the use of cell technologies in
orthopaedics and traumatology has been growing constantly
worldwide. Research conducted has revealed the prospect for
using regenerative medicine, in particular cell therapy, to
treat a wide range of diseases of different origins. As already
mentioned, in most cases platelet-rich plasma (PRP) is used
to attract SCs into the regenerative process [11, 12].

Platelet-rich plasma is understood as the patient’s
autologous plasma, in which the concentration of platelets
is increased several times, compared to the initial values of
peripheral blood by stepwise centrifugation [13]. The primary
active agent of PRP is the platelet — nuclear-free blood cells
- which, in addition to participating in haemostasis, play
an important role in regeneration processes, releasing so-
called growth factors (GFs) — complex peptide compounds
contained in alpha granules - into damaged tissues, and can
stimulate cell growth and division [14, 15].

It has been proven that platelets, in addition to growth
factors, contain hundreds of other bioactive proteins in
their structure that play a crucial role in homeostasis and
induce the involvement of leukocytes in the regeneration
process. Upon contact with the extracellular matrix at the
site of injury, platelets secrete a wide range of chemokines
that attract leukocytes, including CXCL4 and CXCL7, the
most abundant platelet chemokines. In addition, platelets
promote the migration and fixation of leukocytes to the site
of inflammation. However, due to mechanical and chemical
influences, a significant part of the cells is destroyed during
platelet-rich plasma preparations, thus the final product
contains fragments of destroyed cell membranes, metabolic
products, intracellular biologically-active substances. Using
platelet autocryalizate, which ensures the preservation of a
high concentration of platelet growth factors, can avoid the
influence of these undesirable factors [16].

Wounds with considerable necrotic damage to skin and

muscle structures can result not only from explosions, but
also from exposure to high temperatures. Firefighters record
such injuries when extinguishing forest fires [17, 18]; this
applies especially to wounds caused by the so-called ‘fire
whirlwind’, which is typical for forest fires [19]. In this regard,
the proposed method of treating such wounds becomes even
more relevant.

CONCLUSIONS

Using PAC has a positive therapeutic effect in the treatment
of long-term, non-healing blast wounds of the skin. The
proposed technique guarantees the production of platelet
growth factors from a given number of cells; after a single
blood draw, the required amount of individualized cryolysate
preparations can be obtained for further use.

REFERENCES

—

w

w

. Shakargy JD, Gendler S, Talmy T, et al. Blast Injury Patterns Among

Israel Defense Forces Fatalities. Mili Med. 2023;188(7-8):E1788—-E94.
https://doi.org/10.1093/milmed/usac280

. Zhang S, Han G, Xiong Y, et al. Characteristics and mechanism

of lower limb injury induced by landmine blast: A research
in a rabbit model. Ulus Travma Acil Cerrahi Derg-Turk J
Trauma Emerg Surg. 2023;29(12):1335-1343. https://doi.
org/10.14744%2Ftjtes.2023.39560

. Fares Y, El-Zaatari M, Fares J, et al. Trauma-related infections due to

cluster munitions. J Infect Public Heal. 2013;6:482-486. https://doi.
org/10.1016/j.jiph.2013.05.006

. Guriev SO, Tanasienko PV, Panasenko SI, et al. Clinical characteristics

of lower limb wounds in injured people in the result of modern
military operations. World Med Biol. 2020;71(1):40-44. https://doi.
org/10.26724/2079-8334-2020-1-71-40-44

. Akbarzadeh S, McKenzie MB, Rahman MM, et al. Allogeneic Platelet-

Rich Plasma: Is It Safe and Effective for Wound Repair? Europ Surg
Res. 2021;62(1):1-9. https://doi.org/10.1159/000514223

.Lai H, Chen G, Zhang W, et al. Research trends on platelet-rich

plasma in the treatment of wounds during 2002-2021: A 20-year
bibliometric analysis. Int Wound J. 2023;20(6):1882-1892. https://doi.
org/10.1111%2Fiwj.14047

7. Oneto P, Etulain J. PRP in wound healing applications. Platelets.

8.

e

10.

11.

12.

13.

14.

2021;32(2):189-199. https://doi.org/10.1080/09537104.2020.1849605
Meftahpour V, Malekghasemi S, Baghbanzadeh A, et al. Platelet
lysate: a promising candidate in regenerative medicine. Regen Med.
2021;16(01):71-85. https://doi.org/10.2217/rme-2020-0065

Berni P, Leonardi F, Conti V, et al. Case Report: A Novel Ventilated
Thermoplastic Mesh Bandage for Post-operative Management of
Large Soft Tissue Defects: A Case Series of Three Dogs Treated With
Autologous Platelet Concentrates. Front Vet Sci. 2021;8:704657. https://
doi.org/10.3389/fvets.2021.704567

Tsepkolenko VA, Tsepkolenko AV, Pikhteev DM, et al. Method for
obtaining cryolysate of human platelets. Patent for a utility model UA
112536. 26.12.2016.

ChiLQ, Wang Q, Zhong W], etal. The usefulness of platelet-rich plasma
to manage skin wounds: A meta-analysis. Int Wound J. 2023;20(8):
3123-3130. https://doi.org/10.1111/iw;j.14188

GongF, Zhang Y, Gao J, et al. Effect of platelet-rich plasma vs standard
management for the treatment of diabetic foot ulcer wounds: A meta-
analysis. Int Wound J. 2023;20(1):155-163. https://doi.org/10.1111/
iwj.13858

Kobayashi Y, Saita Y, Nishio H, et al. Leukocyte concentration and
composition in platelet-rich plasma (PRP) influences the growth factor
and protease concentrations. ] Orthop Sci. 2016;21(5):683-689. https://
doi.org/10.1016/j.jos.2016.07.009

LiT,LuH, ZhouL, et al. Growth factors-based platelet lysate rejuvenates
skin against ageing through NF-kB signaling pathway: In vitro and in
vivo mechanistic and clinical studies. Cell Prolif. 2022;55(4):e13212.
https://doi.org/10.1111/cpr.13212



Annals of Agricultural and Environmental Medicine 2025, Vol 32, No 2 319
Volodymir Tsepkolenko, Andriy Barkovskyi, Alexander Plakida, Lidia Sierpifiska, Magdalena Brodowicz-Krél. Application of platelet autocryolsate in the treatment...

15. Bhatnagar P, Law JX, Ng SF. Delivery systems for platelet derived growth 17. Page WG, Butler BW. Fuel and topographic influences on wildland

factors in wound healing: A review of recent developments and global firefighter burnover fatalities in Southern California. Int ] Wildland

patent landscape. ] Drug Delivery Sci Tec. 2022;71:103270. https://doi. Fire. 2018;27(3):141-154. https://doi.org/10.1071/WF17147

0rg/10.1016/j.jddst.2022.103270 18. Butler C, Marsh S, Domitrovich JW, et al. Wildland firefighter deaths
16. Ren SC, Wang HC, Ma SJ, et al. New strategy of personalized tissue in the United States: A comparison of existing surveillance systems.

regeneration: when autologous platelet concentrates encounter J Occup Environ Hyg. 2017;14(4):258-270. https://doi.org/10.1080/15

biomaterials. Front Bioeng Biotechnol. 2023;11:1297357. https://doi. 459624.2016.1250004

org/10.3389/fbioe.2023.1297357 19. Pinto C, Raposo J, Viegas DX. Experimental characterization and

analysis on fire whirls using forest fuels. Adv Forest Fire Res. 2018;429-
435. https://doi.org/10.14195/978-989-26-16-506_46



