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Urgency of the research 

In the framework of the long-term modernization of the national health care system, it is is required to develop innovations and medical science . The State Health Care Development Program of the Republic of Kazakhstan for 2020–2025 indicates the transfer and implementation of new and innovative technologies for the diagnosis and treatment of diseases among the priority areas of health care financing. Defects and deformations of supporting tissues are generally due to developmental anomalies, traumatic injuries and neoplasms of different localizations and remain one of the unsolved common medical and social problems. The reconstructive surgery is done on areas requiring surgical intervention that allows to achieve anatomical integrity. However, it is not always possible to obtain aesthetically satisfactory results after such treatment techniques The problem of the formation of rough scars, “dips” and filling defects in the surgical area arises.
There has been gained a considerable experience in applying fat transplantation  techniques over the past decades, by which a whole fat autograft is transferred or a fat substrate after centrifugation is injected via liposuction and lipofilling, also known as lipomodelling. Autologous fat transplant is becoming an increasingly popular and documented method every day. It is important that it has a natural consistency, is easy and safe to collect, does not exhibit hypersensitivity or foreign body reactions, and is easily accessible. However, the use of fatty tissue as a filler has its limitations in the long term by 25% to 70% loss of adipose tissue from the total implanted volume [
,
]. This is because fat grafting injections fill the defects predominantly with adipocytes, which over time undergo apoptosis, leading to massive tissue resorption [
,
].  

Numerous studies have been aimed at finding methods that can improve graft survival at every stage of the procedure, from lipoaspiration to transplantation.

Previous studies have shown that fat grafting accelerates wound healing under adverse conditions in both animal models  [
], and human subjects [
,
,
,
,
]. Fat grafting is believed to help initiate the biochemical process responsible for soft tissue repair[
,
,
,
,
,
,
,
]. And the current consensus agrees that fat grafting induces a vasculogenic effect [
,
,
]. 

Once grafted, adipocytes must restore blood supply [
,
]. Until neovascularization can occur, the grafted tissue is limited to oxygenation via diffusion from surrounding vessels [
]. Current literature theorizes that cells on the periphery of the graft survive via adequate plasma-based oxygenation, whereas cells at the center of the graft undergo necrosis. An intermediate zone exists between the periphery and center zones, where graft precursor cells replace necrotic cells [
], [
,
]. In order to regenerate this host-replacement zone, a new blood supply must be established through neovascularization.

Thus, fat necrosis and subsequent graft resorption are a serious problem. Various technical factors associated with lipoaspirate collection and implantation are associated with graft resorption [
,
,
]. Adequate neovascularization appears to be an equally important prognostic factor for graft survival. Adipocytes do not tolerate ischemic conditions well [
],  and early angiogenesis is important for successful grafting [
,
,
]. 

Fat transfer mobilizes inflammatory cells to the injection site, which provides necessary cytokines and building material for new blood vessels. Lipoaspirate itself contains key elements and cellular mechanisms that act in synergy with recruited cells to promote a vasculogenic effect.

Platelet-rich plasma (PRP) is an autologous biological fluid containing a high concentration of platelets that can be obtained from a simple blood sample by centrifugation. Platelets have gained interest in  regenerative medicine and reconstructive surgery because they contain growth factors, cytokines, and proteins.
Most studies involving human subjects and animal models show that PRP and fat cotransplantation increase graft survival. However, the rate of graft resorption varies markedly between studies and, in particular, between study groups. Additionally, several animal studies have reported [
], that the addition of PRP to fat grafts does not provide a survival benefit compared with conventional lipoaspiration. The extent to which these variable results reflect different methodological factors remains unknown.

Different research methodologies produce context-dependent results for PRP [
,
,
]. PRP preparation methods, composition, mechanism of activation and measurement of results vary significantly [
]. Collectively, these issues limit the ability to draw general conclusions about the effectiveness of PRP in each situation and hinder its implementation in clinical practice.

It is therefore reasonable to expect that methodological factors in PRP-enriched fat grafting will be important determinants of graft survival. Even in individual studies of PRP and fat transfer, there is not yet a standardized grafting protocol for their combined use. Preliminary data from in vitro and animal studies [
,
] support the hypothesis that technical factors significantly influence the results of PRP fat cotransplantation.

Based on the above, it follows that the assessment of the PRP complex use treatment method (preoperative treatment of the zone  of implantation and intraoperative treatment of the fatty autograft) based on determining the survival and preservation rate for the volume of a fat autograft is important for the further implementation of this method in clinical practice. The study  results are of interest to plastic surgeons, oncologists, maxillofacial surgeons, and traumatologists.

A separate problem is the standardization of the lipoaspirate collection method for the most optimal balance between tissue preservation and the ease of procedure.

The purpose of study. We aimed to conduct histological, histochemical and morphometric evaluation of methods  for pre-implantation PRP treatment of the zone of implantation and intraoperative PRP treatment of fat autograft in the experiment.

The objectives of study: 

1.  To determine the optimal cannula diameter for lipoaspirate samples collection from rabbit inguinal fat pad in an experimental study;
2. To morphometrically study and histologically examine the fat graft 3 months after pre-implantation PRP treatment of the zone if implantation and intraoperative PRP preparation of the fat graft;
3. To conduct histochemical study of the fat graft 3 months after pre-implantation PRP treatment of the implanted area and intraoperative PRP preparation of the fat graft.
 Practical relevance of the research 

The results of the experimental study can serve as a scientific basis for justifying the potential possibility of including preoperative and intraoperative PRP treatment of the zone of implantation and fatty autograft in the list of clinical practical recommendations as a method of plastic, aesthetic and reconstructive surgery.

The knowledge obtained during the research work about the features of the reparative process based on the histological and histochemical assessment of the fat graft, taking into account the results of morphometric indicators in a representative area of the fat graft, will allow, after clinical studies, to optimize the lipofilling method and increase the efficiency of fat graft survival during reconstructive and plastic surgery.

Volume and structure of the thesis paper

The thesis is presented on 120 pages of computer text, consisting of an introduction, literature review, materials and methods, research results, discussion, conclusion and applications. The thesis paper is illustrated with 8 tables and 31 figures. The list of references includes 321 sources, of which 2 are in Russian and 319 are in foreign languages.

List of scientific papers published on the topic of the thesis 

Based on the thesis materials, 3 scientific works have been published, including:

– 2 works in scientific publications recommended by the Committee for Control in the Sphere of Education and Science under the Ministry of Education and Science of the Republic of Kazakhstan:

1. Pak I., Askarov M., Klyuyev D., Kamyshanskiy Ye. (2023). Clinical and morphological determination of the optimal cannula diameter for liposuction in rabbits: experimental study. Science and Health 3 (Vol. 25). doi:10.34689/SH.2023.25.3.006. UDC 616-089:611.018.26:616-092.9;
2. Pak I., Askarov M., Klyuyev D., Kamyshanskiy Ye.  (2023). Preoperative use of platelet-rich plasma during lipofilling. Science and Health 3 (Vol. 25). doi:10.34689/SH.2023.25.3.007. UDC 616-003.215:616.155.25:544.732.123.
– 1 publication in an international scientific journal included in the Scopus information base: 

Pak I., Askarov M., Kissamedenov N., Klyuyev D., Kamyshanskiy Y. (2023). Experimental study on clinical and morphological determination of the optimal cannula diameter for lipoaspirate harvest from rabbit inguinal fat pad. Journal of Applied Biomedicine 21(2):99-105.doi: 10.32725/jab.2023.011. Epub 2023 Jun 27.
– 2 certificates of state registration of rights to the copyrighted item:

1. Clinical and morphological determination of the optimal cannula diameter for liposuction during lipofilling in an experiment” dated dated 21.2023 No. 39149;
2. Combined preoperative and intraoperative use of platelet-rich plasma during lipofilling dated September 21, 2023 No. 39150..

        Scientific internship 

The results of the study were presented at an extended meeting of the Department of Plastic and Reconstructive Surgery with the participation of the Director of the Korean Society of Plastic and Reconstructive Surgeons (the KSPRS) Tak M., and the President of the Global Breast Cancer Conference (the GBCC) Lee M.

Study design 

The protocol for a blind randomized study was approved by the Bioethics Committee of Karaganda Medical University NJSC (protocol No. 53 dated March 15, 2021). The conditions for keeping experimental animals complied with international and national recommendations [
,
,
]. The experiment consisted of two parts:
1) The first part of the experiment was devoted to determining the optimal diameter of the cannula for lipoaspirate harvest from rabbit inguinal fat pad.
2) The second part of the experiment was devoted to a comprehensive assessment of fat graft survival during lipofilling.
Sample size was calculated using the Markov Chain Monte Carlo methods [
], taking into account the availability of animals in the medical university hospital vivarium, reasonable case increases, and ethical considerations to minimize the use of animals in experiments.
Histological and histochemical studies of microslides were carried out at the premises of the Pathological Laboratory of the Clinic at Karaganda Medical University NJSC under the leadership of the Block Head, Ph.D, Pathologist Kamyshanskiy Ye.K.

In the first part, 32 outbred rabbits aged 4-5 months were used to determine the optimal diameter of the cannula for lipofilling.

The animals were randomly divided into four equal groups of 8 animals each, which underwent lipoaspiration using cannulas of different diameters:
1. 1 mm cannula diameter;
2. 2 mm cannula diameter;
3. 3 mm cannula diameter;
4. 4 mm cannula diameter.
All rabbits had the same surgical procedures. The combination of ketamine 35 mg/kg and xylazine 5 mg/kg administered intramuscularly were used for induction of a general anesthesia. Lipoaspirate was collected from animals inguinal fat pad using cannulas with one central and two lateral holes.

The results were assessed immediately after surgery.

The design of the second part of the experiment, dedicated to assessing the survival of the fat graft, and it is presented in Figure 1. As experimental models, 32 male Californian rabbits aged 4-5 months, weighing 2.4-3.3 kg were used. Animals were housed individually in a sterile cagie. Cages were maintained  in temperature-controlled chambers of 22±2C° with a 12:12-hour light:dark cycle and a minimum relative humidity of 40%. The rabbits fed a pelleted diet with free access to water.
The animals were randomly divided into four equal groups of 8 animals:
1. without PRP ( - / - ) - group without PRP treatment of the transplantation area and fat autograft;

2. PRP (- / +) - group with intraoperative treatment with PRP of fat autograft;

3. PRP (+/-) - group with preoperative treatment with PRP of the implanted area;

4. PRP ( + / + ) - group with preoperative treatment with PRP of the implanted area and intraoperative treatment with PRP of the fat autograft (Figure 1).

All rabbits had the same surgical procedures. The combination of ketamine 35 mg/kg and xylazine 5 mg/kg administered intramuscularly were used for induction of a general anesthesia. Lipoaspirate was collected from animals inguinal fat pad using cannulas with one central and two lateral holes, the internal diameter of the cannula and the diameter of each hole were 3.0 mm. The volume of lipoaspirate was measured with a sterile syringe.

          Methods
Macroscopic analysis of fat autograft
Fat autografts were examined in the operating room immediately after excision and photographed. The fat autograft from the left ear of each animal was separated from the fibrous tissue and fascia. A visual macroscopic examination of the native fat graft was performed and all surfaces of the graft were compared with the surrounding fat tissue.

After visual macroscopic assessment, the volume of the fat graft was measured by immersing it in a measuring tube with saline solution [
,
,
], and then weighed it using a tabletop electronic scale. Fat graft survival was calculated using the following equation [
]:
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Histological analysis of fat autograft

Preparation and processing of study subjects

The subject for histological analysiswas a fat graft excised from the contralateral (right) ear of each animal.

Hematoxylin and eosin staining was used to determine the overall morphological pattern, assess inflammation and angiogenesis.

The tissue was fixed in 10% formaldehyde at 4°C for 24 hours, rinsed with tap water and dehydrated in a series of increasing concentrations of alcohol (70%, 90%, 95%, 100%), then immersed in xylene and embedded in paraffin blocks. Tissue sections 5 μm thick were made using a Leica SM 2000R sled microtome. Sections were washed three times with tap water and stained with hematoxylin for 40 seconds. Sections were dewaxed in xylene and then dehydrated in a series of decreasing concentrations of alcohols (100%, 96%, and 70%). The sections were then stained with eosin. The sections were then treated with xylene and secured with mounting medium.

 Morphological determination of the optimal cannula diameter for lipoaspirate samples collection from rabbit inguinal fat

The criteria for semiquantitative evaluation of histological sections are presented in Table 1.

Table 1 - A system for semi-quantitative evaluation of histological sections to determine the optimal cannula diameter

	Evaluation criteria 
	Assessment scale

	Description 
	0
	1
	2
	3

	Qualitative characteristics of the resulting lipoaspirate

	Relative amount of adipose tissue in lipoaspirate, %
	< 50
	50-75
	75-90
	> 90

	Relative amount of fibrous tissue in lipoaspirate, %
	< 10
	10-50
	50-90
	> 90

	Size of stroma fragments (fibrous tissue, collagen fibers), mm
	-
	< 1
	1-1,5
	> 1,5

	Relative amount of artifacts (destroyed adipose tissue), %
	< 2
	2-10
	10-30
	< 30

	Practicality of use per unit of time (1 min)*

	Labor costs for performing one surgery 


	Light strength 

without effort 
	Moderate strength and effort is required 
	Increased strength and effort is required 
	It is hard to apply in routine practice

	Reciprocating frequency
	< 300
	300-400
	400-500
	> 500

	Frequency of cannula blockage
	-
	1-2
	3-4
	> 5

	*- average score, including the arithmetic average of labor costs per unit of time, frequency of reciprocating movements, frequency of re-insertion of the cannula after rinsing


The relative amount of fat and stromal-vascular fractions in the lipoaspirate was calculated based on the total area occupied by tissues on histological sections in relation to the area of the histological section. Artifacts included tissue with a disturbed morphological pattern characteristic of mechanical damage (destruction of adipose tissue).

Histomorphometric assessment of histological pattern, inflammation and angiogenesis

Morphometric analysis was carried out by two independent researchers who didn't know about the animal’s group membership and the intervention performed.

Histopathological analysis was performed on a longitudinal section of adipose tissue, including a central “necrotic” zone and a paracentral “regenerating” zone for each sample in each group at x400 magnification.

The system of histopathological patterns for assessing fat graft survival is presented in Table 2.
Table 2 - Histological semiquantitative scoring system scale   to determine fat graft survival

	Assessment criteria 
	Assessment scale , %

	Description 
	0
	1
	2
	3
	4
	5

	Histopathological patterns*

	Physiological adipose tissue
	-
	< 15
	16-30
	31-50
	51-90
	> 90

	Cystic degeneration
	-
	< 15
	16-30
	31-50
	51-90
	> 90

	Fibrous tissue
	-
	< 15
	16-30
	31-50
	51-90
	> 90

	Inflammation**
	
	
	
	
	
	

	Polymorphonuclear granulocytes
	-
	< 10 
	11 -30
	31-50
	>50
	

	Lymphocytes and macrophages
	-
	< 10 
	11 -30
	31-50
	>50
	

	** “physiological adipose tissue” is an adipose tissue without morphological abnormalities, consisting of adipocytes of the correct shape and the same size;

“cystic degeneration” means adipose tissue consisting of small/medium-sized cysts, as well as adipocytes that have a larger diameter than normal adipocytes and an irregular shape;

"fibrous tissue" is an amorphous and disorganized connective tissue that develops, usually due to a necrotic event, and is also a connective tissue similar to physiological connective tissue.

** count in the most changed area of the histological section x100


Histopathological patterns: 

“physiological adipose tissue” is adipose tissue without morphological abnormalities, consisting of adipocytes of the correct shape and the same size;

“cystic degeneration” - adipose tissue consisting of small/medium-sized cysts, as well as adipocytes that have a larger diameter than normal adipocytes and an irregular shape;

„fibrous tissue“ is an amorphous and disorganized connective tissue that develops, usually due to a necrotic event, and is also a connective tissue similar to physiological connective tissue.

Each histopathological pattern was assessed over the entire section area in the paracentral and central zone: 0 points - absent, 1 point - less than 15%, 2 points - 16-30%, 3 points - 31-50%, 4 points - 51-90%, 5 points - more than 85% of the histological section area.

Interpretation of fat autograft pattern scaling:

0 points – no pattern;

1 point – minimal pattern;

2 points – small focal pattern;

3 points – large- focal pattern;

4 points - diffuse pattern;

5 points - predominant pattern.
Inflammation means quantitative assessment of inflammatory cells (polymorphonuclear granulocytes, lymphocytes and macrophages) was carried out over the entire section area of the paracentral and central zones: 0 - absent, 1 - up to 10 cells, 2 - from 11 to 30 cells, 3 - from 31 to 50 cells, 4 - more than 50 cells, counted in the most changed area of the histological section x100.

Angiogenesis was assessed by calculating the average number of vessels for each sample in the central and paracentral zones in each group per 10 fields of view at x10 magnification.

Basic morphometric measurements and photography were carried out using a Carl Zeiss microscope with digital color microphotography and Image software. Histomorphometric assessment of histological preparations was carried out in a blind manner by two independent pathologists using a microscope lens magnification (x40, x100); the result was taken as a score equal to the arithmetic mean.

Histochemical study of fat autograft

Masson's trichrome staining was used for histological assessment of fibrosis (increase in type I collagen fibers).

Masson's trichrome was used to detect increased amounts of type I collagen (mature collagen) [
], turning blue.

 Type I collagen (mature collagen) is the most common collagen, which is a structural component of connective tissue and the predominant component of the interstitial membrane, forming the structural and mechanical basis (matrix) of bones, skin, tendons, corneas, blood vessel walls and other connective tissues.

The degree of fibrotic damage was assessed semi-quantitatively according to the scale:

0 points – no pattern,

1 point – minimum pattern,

2 points – small focal pattern,

3 points – large focalpattern,

4 points - diffuse pattern,

5 points - predominant pattern.

The degree of damage was determined by the maximum damage score obtained from histological examination of the tissue section. All results were grouped into 6 grades depending on the total volume of the lesion. The entire surface of each histological section was examined at x40x and x100x eyepiece magnification.
Statistical data analysis techniques 
Data were presented as median and Q1-Q3 for non-normally distributed quantitative continuous data, or mean and standard deviation for normally distributed quantitative continuous data, or frequency ± percentage for categorical variables.

Determination of statistically significant differences between groups was calculated using the Mann-Whitney U test, χ2 test using Yates' continuity correction, and Fisher's exact test. Multiple comparisons were performed using the Pearson chi-square test or the Kruskal-Wallis test. A p value of <0.05 was considered statistically significant.

Statistical analyzes were performed using SPSS (v.25.00, IBM Statistics, Armonk/NY, USA).
Results 

A blind histological and histochemical study was carried out to evaluate the histological pattern with various methods of treatment with PRP of the fat graft and zone of implantation in an experiment on rabbits. The study was conducted in four groups of experimental animals. The first group is a group without PRP treatment of the transplantation area and fat autograft. The second group is the group with intraoperative PRP treatment of the fatty autograft. The third group is the group with preoperative PRP treatment of the implanted area. The fourth group - PRP - a group with preoperative PRP treatment of the implanted area and intraoperative PRP treatment of the fatty autograft.
Based on the analysis of the results obtained, the following conclusions can be formulated:
1. A cannula with a diameter of 3 mm makes it possible to collect a sufficient volume of lipoaspirate from a rabbit with an optimal ratio of adipose and fibrous tissue in a unit of time (1 min) and is subjectively characterized by higher practical ease of use.

2. The use of a combined method (preoperative PRP treatment of the zone of implantation and intraoperative treatment of the fat autograft) improves survival and preservation of the volume of the fat autograft in comparison with the group without PRP treatment (p = 0.0001), the group with intraoperative PRP treatment of the fat graft (p = 0.005) and group with preoperative PRP treatment of the fat graft (p=0.021).

3. The use of a combined method (preoperative PRP treatment of the zone of implantation and intraoperative treatment of the fat autograft) improves the histological pattern of the fat autograft by preserving and forming physiological adipose tissue, reducing cystic degeneration, minimizing the inflammatory activity of immune cells and improving vascularization of the zone of implantation (p < 0.05).

4. The use of a combined method (preoperative PRP treatment of the zone of implantation and intraoperative treatment of the fat autograft) improves the histochemical pattern of the fat autograft due to less formation of mature connective tissue (type I collagen) replacing the fat graft tissue (p<0.05).  

Thus, the results of the study showed that pre-implantation treatment of the zone of implantation with PRP  improves the potential of angiogenesis, reducing fibrotic, inflammatory and necrotic damage in the area of fat autotransplantation in an experiment on rabbits. We believe that the main effect of preserving the histological pattern is associated with the formation of a locoregional favorable microenvironment with active prefusion and diffusion potential of the stromal framework, which contributes to the preservation of the volume of the fat graft.
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