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ABSTRACT

Patients with congenital heart defects and cardiovascular diseases require new approaches to surgical intervention. The use of biological 
cardiac implants, which are made from the extracellular matrix, is a promising trend in modern regenerative medicine. These bioimplants can 
completely replace defective tissue or organs, and when manufactured with strict protocols and quality control measures, can be safe and 
effective for therapeutic applications. The process of manufacturing bioimplants involves various risks that need to be assessed and mitigated 
with ongoing monitoring and evaluation necessary to ensure the highest standards of quality. Overall, this study successfully evaluated the 
requirements for introducing a new medical device into practice and created a technical file that meets all necessary documentation for certi-
fication.
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The rapid increase in the incidence of cardiovascular diseases and 
high mortality rates among patients with congenital heart defects re-
quiring surgical intervention have made the search for new modern ap-
proaches to the treatment of such patient groups urgent. Among the main 
trends of today, the use of synthetic and biological cardiac implants can 
be noted. Transplants, which are made on the basis of purified extracel-
lular matrix and are functionally and structurally similar to native peri-
cardium, are of particular interest. In contrast to synthetic analogs, such 
constructions can fully replace the defective part of tissue or organ, after 
which they are integrated and function properly.

Modern regenerative medicine successfully combines fundamental 
research data and clinical practice, providing great potential for therapeu-
tic applications. It is based on the restoration or replacement of tissues 
and organs that have a structural or functional deficit, using synthetic, 
biological, and extracorporeal matrices [1, 2]. Synthetic frameworks pro-
vide opportunities for manipulation and control of structural properties, 
but do not guarantee the same functionality as native tissue [3]. The ad-
vantage of using biomaterials in tissue engineering is their property of 
resorption in the body with subsequent replacement by the body’s own 
tissues. However, there is an increasing interest in frameworks based on 
natural extracellular matrix (ECM), which is reproduced by the microar-
chitecture of native tissue [4]. An alternative is bioimplants, created from 

xenogeneic tissues (e.g. horses, pigs, cattles), which are similar to hu-
man tissues in their mechanical and biological properties [5]. Bioimplants 
based on decellularized ECM, purified from cells via decellularization 
(bioengineering transformation) of tissue, are increasingly used in re-
constructive and regenerative medicine, as they provide repopulation by 
the recipient’s own cells, rapid growth and restoration. In addition, such 
bioimplants are considered less prone to calcification and provide ideal 
hemodynamic parameters. Due to its biomechanical properties, ECM are 
a little different from pericardial tissue and, therefore, suitable for the use 
in the replacement of heart valves in adults and correction of congenital 
heart defects in children [6].

Thus, in view of the urgent need for high-quality biological material 
in medicine, Ukrainian scientists have developed a unique technique for 
decellularization of tissue-modified matrix of bovine pericardium, which 
has already successfully passed the stage of preclinical trials. Five dif- 
ferent decellularization schemes were investigated by the authors, and the 
one that involved the use of sodium dodecyl sulfate (SDS) ionic detergent 
was chosen, which demonstrated the most effective method of cleaning 
from cellular components with the maximum degree of preservation of 
tissue architecture [7, 8, 13]. Subsequently, the proposed biotechnologi-
cal scheme was improved by optimizing the temperature regime and du-
ration of decellularization, as well as the lyophilization stage [9, 10, 12].
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The bioimplant developed by domestic researchers has no cytotoxic 
effect in vitro and high biocompatibility, demonstrated on experimental 
models in vivo (absence of immunogenic reactions, replacement of the 
scaffold by growing immature connective tissue, enhanced vasculariza-
tion) [11].

However, the guarantee that the bioimplant in its finished form will 
function in accordance with its purpose and its use will be safe for hu-
mans is the assessment of its biological effect based on information about 
the advantages and disadvantages of various materials and research me-
thods. So, for further certification of the product, there arose the task to 
substantiate the bioengineering parameters of production in accordance 
with national and international regulatory requirements.

THE AIM of this review was to explain in detail the features of the bio-
implant manufacturing technology using the example of a bioengineering 
scheme for the production of a tissue-modified biocompatible matrix for 
use in cardiac surgery developed by domestic scientists. This techno-
logy can predict the safety, effectiveness, and quality of a medical device. 
The ultimate goal of this short review was to assess the technological 
regulation of the manufacture of cardiosurgical bioimplants. The review 
included researching regulatory requirements and standards for medical 
devices, as well as conducting a risk assessment and developing a plan 
to address any potential risks. This plan can then be used to facilitate the 
certification of the device for the use in medical practice.

REVIEW OF TECHNOLOGICAL PROCESS OF MANUFACTURING BIO-
IMPLANTS

A review of the literature on the technology for producing xenoge-
neic bioimplants was allowed for the development of a general process 
scheme (Fig. 1) [14-16]. Thus, the creation of a unique technological map 
of production enabled the certification of the medical device and acceler-
ated the process of its application in cardiac-surgical practice.

Regardless of the methods used, the main biotechnological stages 
are:

1. Sample collection.
2. Processing (mechanical processing/cleansing of tissue, decellular-

ization, scaffold fixation/stabilization).
3. Sterilization.
4. Conducting tests to meet the requirements for application (pre-

clinical testing).
5. Using the bioimplant in clinical practice.

Despite similarities in the first two stages among most technologies, 
the remaining processes can differ significantly and be modernized, af-
fecting the quality and speed of product manufacturing (Fig. 2).

Fig. 1. Biotechnological scheme of obtaining of xenogeneic bioimplants Fig. 2. Basic technological scheme of xenogeneic pericardium bioimplant 
obtaining. 
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Notes: AW – additional work; TP – technological process; Ct – cont-
rol technological; Cmb – control microbiological; Cch – control chemical; 
DW – disposal waste; WM – waste management.

However, each of these stages has its peculiarities and requirements 
that must be followed to achieve a high-quality and safe bioimplant. When 
working with xenogeneic tissues, it is also necessary to adhere to the 
ISO 22442-1:2020 standard, which applies to medical devices, exclu- 
ding in vitro diagnostic medical devices, manufactured using materials 
of animal origin that are non-viable or rendered non-viable. The purpose 
of this standard is to provide requirements and recommendations for the 
risk control associated with hazards inherent in medical devices produced 
using animal tissues or their derivatives, such as: a) contamination with 
bacteria, molds, or yeasts; b) contamination with viruses; c) contami-
nation with agents causing transmissible spongiform encephalopathies;  
d) materials causing undesirable pyrogenic, immunological, or toxicolo-
gical reactions. For example, tissue sampling should be carried out taking 
into account the biological properties of the tissue and reducing the risk 
of contamination by microflora of animals. Processing includes decellula-
rization and fixation steps necessary to ensure mechanical stability and 
reduce the immunological reaction to the implant. Physical, enzymatic 
and chemical methods can be used to purify xenogeneic tissues from 
cellular components [17]. 

Therefore, sterilization of transplants can be performed using various 
methods, but it must be carried out in such a way to ensure the absence 
of living microorganisms and not to damage the structure of the material 
(final product), especially of biological origin with high sensitivity to outer 
factors [18]. During the collection, processing and engineering of tissues 
intended for transplantation, the obtained tissue transplants can become 
contaminated with bacteria, fungi, and other organisms. Therefore, it is 
necessary to sterilize these transplants before implantation. Sterilization 
is mainly achieved through aggressive processing methods using physi-
cal agents (temperature and pressure, ionizing radiation, ultraviolet and 
infrared radiation), chemical agents (formaldehyde, hydrogen peroxide, 
ethylene oxide, nitric oxide, ozone, peracetic acid, chlorine compounds, 
glutaraldehyde, phthalaldehyde, silver, etc.) and mechanical methods, in-
cluding sterilizing filtration of solutions.

The following items are subject to sterilization:
● All medical and veterinary products that penetrate tissues, come 

into contact with mucous membranes, fluids, and pathological areas of 
the skin.

● Pharmaceutical products, injection solutions, tablets, and inhala-
tion forms.

● Artificial transplants and implants.
Several sterilization methods have been widely implemented on an 

industrial scale, such as chemical sterilization, steam sterilization, hot 
air sterilization, incineration, gas and plasma sterilization, infrared and 
ultraviolet sterilization, gamma irradiation, and electron beam steriliza-
tion [19, 20]. The choice of a particular method is determined by the 
resistance of different microorganisms to various means of influence, 
the physicochemical properties of the sterilized products, environmental 
safety, economic feasibility, technological capabilities of the sterilization 
equipment and other factors. Each of these sterilization methods has its 
advantages and disadvantages and can only be applied to specific types 
of objects requiring sterilization.

For example, it has been proven that gamma irradiation alters the ul-
trastructure of decellularized valves during in vitro testing [21]. The chang-
es include stitching, molecular fragmentation and degradation of protein 
materials due to the breakage of peptide chains, resulting in significant 
changes in mechanical properties [22]. This unfavorable structural change 
leads to the adhesion of lower cells [23]. It has been found that decel-
lularized tissue treated with peracetic acid was sterilized but lost 44 % of 
glycosaminoglycans [24]. However, most sterilization methods have not 
demonstrated sufficient effectiveness when it comes to sterilizing tissues, 
as evidenced by damage or structural changes in the matrix.

Testing before implantation into the patient’s body is necessary to 
evaluate the effectiveness and safety of the application and monito- 
ring after implantation will help to determine the duration and quality of 
the bioimplant’s performance in the body. In Ukraine, the creation of a 
new medical product requires manufacturers to comply with the legisla-
tive standards, in particular EN ISO 10993-5:2014 Biological evaluation of 
medical devices. According to this document, the procedure for studying 
the medical product is defined. Section 5.2.2 of this document specifies 
that when studying cytotoxicity, methods using cell cultures should be 
chosen to determine their lysis and other types of cellular effects caused 
by the medical device, material or their extracts. The methods for cyto-
toxicity testing are outlined in ISO 10993-5.

Section 5.2.9 defines the basic provisions for prosthesis implanta-
tion. These investigations determine the local pathological effect on living 
tissue (at macroscopic and microscopic levels) when examining a sample 
of the material or the implanted end product, either through surgical 
means or placement in specific tissue according to the intended use. The 
selected investigation methods typically correspond to the type and dura-
tion of contact. The methods for studying local effects after implantation 
are chosen in accordance with ISO 10993-6.

So, the development of a technology for producing biocompatible 
matrixes is involved studying the technological parameters and proces-
sing modes of xenogeneic tissues. A bioimplant is intended to correct 
defects in cardiovascular surgery by implanting it into the donor’s body. 
Patches based on xenogeneic tissues are used in the cardiovascular sur-
gery departments of medical institutions of various applications [25, 26]. 
Thus, the technological process of manufacturing a bioimplant for use in 
cardiothoracic surgery belongs to biotechnological production, which is 
based on a standard scheme of conducting auxiliary processes and main 
stages of manufacturing.

The technological requirements were developed by the regulatory 
body State Enterprise “Ukrainian Research Center for Standardization, 
Certification and Quality Problems” based on Ukrainian regulatory docu-
mentation, which is currently maximally harmonized with the require-
ments of the European Union (Table 1) [27].

The regulatory 
document enabling

The regulatory document full title Ref.

EN ISO 22442-1:2020
Medical devices utilizing animal tissues and their derivatives — Part 1: 

Application of risk management
[31]

EN ISO 22442-2:2020
Medical devices utilizing animal tissues and their derivatives — Part 2: 

Controls on sourcing, collection and handling
[32]

ISO 15223-1:2021
Medical devices — Symbols to be used with information to be supplied by the 

manufacturer — Part 1: General requirement
[33]

ISO 14971:2019 Medical devices — Application of risk management to medical devices [34]

ІSО 13485:2016 
Medical devices 一 Quality management systems 一- Requirements for 

regulatory purposes
[35]

ISO 9001:2015 Quality management systems — Requirements [36]

ISO 14644-1:2015 
Cleanrooms and associated controlled environments — Part 1: Classification 

of air cleanliness by particle concentration
[37]

ISO 14644-2:2015

Cleanrooms and associated controlled environments — Part 2: Monitoring 

to provide evidence of cleanroom performance related to air cleanliness by 

particle concentration

[38]

ISO 14644-4:2022
Cleanrooms and associated controlled environments — Part 4: Design, 

construction and start-up
[39]

EN ISO 11137-1:2006

Sterilization of health care products — Radiation — Part 1: Requirements 

for development, validation and routine control of a sterilization process for 

medical devices

[40]

EN ISO 11607-1:2019
Packaging for terminally sterilized medical devices - Part 1: Requirements for 

materials, sterile barrier systems and packaging systems
[41]

EN ISO 11607-2:2019
Packaging for terminally sterilized medical devices — Part 2: Validation 

requirements for forming, sealing and assembly processes
[42]

EN ISO 10993-3:2014
Biological evaluation of medical devices — Part 3: Tests for genotoxicity, 

carcinogenicity and reproductive toxicity
[43]

EN ISO 10993-5:2009 Biological evaluation of medical devices — Part 5: Tests for in vitro cytotoxicity [44]

EN ISO 10993-6:2016
Biological evaluation of medical devices — Part 6: Tests for local effects after 

implantation
[45]

EN ISO 10993-9:2019
Biological evaluation of medical devices — Part 9: Framework for identification 

and quantification of potential degradation products
[46]

Table 1. The regulatory documents that were used to create technical 
specifications of xenogeneic bioimplant manufacturing
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EN ISO 10993-11:2017 Biological evaluation of medical devices — Part 11: Tests for systemic toxicity [47]

EN ISO 10993-16:2017
Biological evaluation of medical devices — Part 16: Toxicokinetic study design 

for degradation products and leachables
[48]

ISO 14001:2015 Environmental management systems — Requirements with guidance for use [49]
ISO 534:2011 Paper and board — Determination of thickness, density and specific volume [50]

ISO 15394:2017
Packaging — Barcode and two-dimensional symbols for shipping, transport 

and receiving labels
[51]

ISO 22742:2010
Packaging — Linear bar code and two-dimensional symbols for product 

packaging
[52]

ORGANIZATION OF THE MANUFACTURING OF BIOIMPLANTS
The manufacturing of bioimplants requires strict adherence to clean-

liness and quality control standards to ensure that the final product is 
safe and effective for use in medical applications [28]. In this case, the 
main principles for ensuring the quality of sterile medical products are 
identified during the manufacturing process and involve minimizing the 
potential for contamination of bioimplants with hazardous substances.

As described in the previous chapter the manufacturing of bioim-
plants consists of several main technological stages, such as material 
preparation, processing of biological tissue, packaging, labeling and ste-
rilization as well as a packaging workshop for the finished product. To 
obtain a bioimplant of the proper quality with appropriate characteristics, 
the manufacturing process must be distributed by cleanliness classes. 
To obtain bioimplants, it is sufficient to have a cleanliness class 7 or 8. 
According to the technological process (Fig. 2), TP 5 (Preparation of peri-
cardium), TP 7 (Pre-packing), TP 8 (Labeling), and TP 9 (Sterilization of 
bioimplant) take place in a Class 8 facility. Class 7 cleanliness is neces-
sary during the TP 6 (Surface biological tissue) stage. TP 11 (Packaging, 
drafting of bioimplant) is carried out in non-clean areas. After this stage, 
the finished bioimplants are transferred to a storage area for further sto-
rage or shipment to the end-user.

Auxiliary work, such as preparation of solutions, treatment of working 
surfaces, and others, is performed as part of the overall process but is not 
carried out in controlled clean areas or specific stages, meaning that the 
presence of a cleanliness class is not a mandatory condition. In addition 
to the main production rooms, there are also general rooms such as a 
changing room, a non-food storage room, a refrigerator and an office.

In order to comply with GMP (Good Manufacturing Practices) stan-
dards, it is advisable to have the changing room located directly at the 
entrance to the biotechnology laboratory and clean production areas. 
This room is designated for personnel to change into and out of special 
clothing required for working in those areas. The changing room serves 
multiple purposes, including providing a space for personnel to change 
into clean technical clothing. It should also have a small stock of pack-
aged clean technical clothing, which is monitored and restocked by a 
designated responsible person. The changing room which is conveniently 
located at the entrance ensures easy change of the personnel from their 
regular clothing into the required clean technical clothing before ente-
ring the laboratory or clean production areas. This helps to maintain the 
cleanliness and integrity of the working environment, reducing the risk of 
contamination and ensuring compliance with GMP standards.

The refrigerator is used for storing certain materials, reagents and 
products that require low-temperature storage. The temperature of the 
refrigerator should be monitored and recorded regularly to make sure that 
it remains within the required range.

The non-food storage room is used for storing raw materials, pack-
aging materials and other supplies that are used in the production pro-
cess. The room should be kept clean and well-organized to prevent con-
tamination and to facilitate inventory control.

Technological and microbiological control is carried out by an accre-
dited laboratory at every stage of production. The methods used include 
assessment of the total microbial count and sterility. This control is ne-
cessary to prevent cross-contamination, ensure compliance with quality 
standards and verify the absence of microorganisms in the clean room 
environment.

Overall, the office is an important part of the bioimplant manufactu-
ring process as it is responsible for the documentation of the production 
process, including batch records, quality control data and other important 
information. The office should be kept clean and free of any potential con-
taminants to ensure the accuracy and completeness of the documenta-
tion. This applies particularly to the documentation related to the proces-
sing of raw materials and reagents.

 

ASSESSMENT OF THE RISKS OF THE MANUFACTURING PROCESS OF 
OBTAINING BIOIMPLANTS

In order to ensure the safety and quality of bioimplants during their 
manufacturing process, a thorough analysis and evaluation of potential 
risks must be conducted using ISO 14971:2019 “Medical devices —  
Application of risk management to medical devices” guidelines. That is 
why the planning of the manufacturing of devices and the development of 
the technological process involves analyzing and evaluating the risks that 
may arise in production.

The risk assessment process involves considering both the likelihood 
and severity of harm that could result from the production process. The 
Hazard Analysis Critical Control Point (HACCP) method is often used to 
control risks and involves identifying critical control points, monitoring 
them and implementing corrective actions as needed. By implementing 
such risk management measures, all stages of the production process 
can be monitored and any potential risks can be addressed before they 
become major issues [29].

Therefore, using the example of the technological process of pro-
ducing bioimplants, the following control points and expected risks were 
identified:

● Production preparation: training of personnel, preparation disinfec-
tant and cleaning solutions, laboratory equipment, utensils, production 
premises, water and air are considered to be the main auxiliary stages of 
production. Therefore, poor initial preparation, i.e. failure to comply with 
preparation rules, may be lead to microbial and/or chemical contamina-
tion.

● Preparation of solutions for processing biological tissue: at this 
stage risks may be associated with incorrect dosing of necessary sub-
stances, failure to follow instructions for preparing particular solution, 
which may cause microbial and/or chemical contamination.

● Collection of material and its transportation: at this stage risks may 
be associated with incorrect collection of material and failure to comply 
with conditions for transporting the material, which may cause microbial 
and/or chemical contamination as well as impractical use of the material 
in further work.

● Preparation of material for work: at this stage risks may be as-
sociated with failure to comply with technology rules when preparing the 
material and the emergence of microbial and/or chemical contamination.

● Processing of biological tissue: the risks of this stage may be 
caused by incorrect preparation of tissue processing solutions at the au-
xiliary work stage, failure to comply with the prescribed conditions for 
processing and the emergence of microbial and/or chemical contamina-
tion.

● Packaging and labeling of the finished bioimplant: at this stage 
risks may be related to non-compliance with labeling or confusion of 
samples in blisters.

● Sterilization: the risk may be caused by the delivery of an increased 
dose of radiation that is not prescribed in the instructions.

● Packaging and shipping of finished products: risks at this stage are 
associated with incomplete assembly of the finished product and confu-
sion of labels.

To reduce the likelihood of risks occurring, appropriate preventive 
measures need to be taken, such as detecting and controlling parameters 
of the technological process that lead to production risks [29].
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In conclusion, the manufacturing of bioimplants is a complex process that involves various risks that need to be assessed and mitigated to 
ensure the safety and effectiveness of the implants. Manufacturers must adhere to strict protocols and quality control measures to minimize 
risks and ensure the highest standards of quality. Ongoing monitoring and evaluation are also necessary to address any potential issues that 
may arise during the manufacturing process.

CONCLUSION

A SYSTEM FOR EVALUATING THE QUALITY OF BIOIMPLANT MANUFAC-
TURING

According to ISO 13485:2016 “Medical devices — Quality ma-
nagement systems — Requirements for regulatory purposes” and ISO 
9001:2015 “Quality management systems — Requirements”, quality 
control is a mandatory requirement during the manufacturing process of 
medical devices and the aim is to ensure that the product complies with 
regulatory requirements. The quality control process involves monito- 
ring and verifying that the product meets its intended requirements and 
specifications.

In addition, ISO 13485:2016 emphasizes the importance of main-
taining consistence and stable manufacturing processes to ensure the 
quality of the final product. This is achieved through the use of validation 
procedures, which involve conducting experiments and tests to confirm 
that the manufacturing process is capable to consistently produce pro-
ducts that meet the desired quality standards.

Validation is an essential element of the quality management system 
for medical devices and it is used to demonstrate that the manufactu-
ring process is capable of producing products that meet the regulatory 
requirements and intended use of the device. The results of validation are 
used to establish acceptance criteria, specifications, and process controls 
that ensure the consistent quality of the manufactured products.

Therefore, quality control and validation has a critical role in ensu-
ring the quality of medical devices and complying with regulatory require-
ments.

So, for example, during the stages of the technological scheme of 
production, the production of a bioimplant for cardio-surgical use is con-
trolled by specific methods. Traceability is an essential aspect of quality 
control in the production of any product, including bioimplants. The man-
datory checks are:

● presence and amount of nucleic acids;
● determination of product sterility;
● testing for bacterial endotoxins;
● testing for biomechanical properties;
● testing of the level of purification of the bioimplant from cells and 

their components.
It’s also important for the checks to be performed at the end of the 

entire processing of the biotissue. This ensures that any changes or modi-
fications made to the bioimplant during the processing are accounted for 
and can be traced back to the source.

Finally, selecting no more than 5 % of samples from the total number 
of produced bioimplants is a common practice in quality control. This 
allows for a representative sample of the batch to be tested without incu-
rring excessive costs or delays in production.

In the production process, the used materials and raw materials are 
the factors that most significantly affect the quality of finished products. 
It’s essential to select carefully raw materials that meet regulatory require-
ments and have easily traceable control mechanisms in place to ensure 
their quality [29].

In addition to raw materials, all stages of the production process must 
be closely monitored and controlled, including the quality of incoming 
materials, the work of personnel, and the correctness of each stage ac-
cording to work process instructions. This ensures that any potential is-
sues or defects are identified and addressed promptly, minimizing the risk 
of economic or reputational losses and ensuring the safety of the finished 
product for human use.

According to ISO 9001:2015 “Quality management systems. Require-
ments” personnel is one of the main links of the production process. 
Therefore, to ensure cleanliness and safe use of the finished bioimplant 
as well as protection during the work process, it is mandatory to follow 
certain rules and requirements for employees. For this reason, control of 
personnel, room air and equipment is essential to ensure the quality of the 
finished implant and obtain sterile products.

Samples should be periodically taken in the production premises to 
control the microbiological parameters of the air supplied to the work 
area. This happens when monodisperse aerosol (test culture of B. subtilis 
spore microorganisms) is used.

Laboratory equipment and utensils are in direct contact with the pro-
ducts of the manufacturer and must be washed and disinfected regularly 
to avoid contamination or transfer of material that could adversely affect 
the quality of the intermediate product.

Documentation is also an important aspect of quality control [30]. 
All processes and procedures should be documented and controlled to 
ensure that they are consistently followed. This includes documenting the 
results of testing and inspections, as well as any corrective actions taken 
to address the issues that arise during the production process.

In summary, ensuring the quality of bioimplants requires a compre-
hensive approach that includes controlling personnel, room air and equip-
ment as well as controlling all aspects of the production process. Regular 
testing and inspections, documentation of processes and procedures and 
corrective actions are all important elements of ensuring quality control 
in bioimplant manufacturing.
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РЕЗЮМЕ

Пацієнти з вродженими вадами серця та серцево-судинними захворюваннями потребують нових підходів до оперативного втручання. 
Використання біологічних серцевих імплантів, виготовлених із позаклітинного матриксу, є перспективним напрямком у сучасній ре-
генеративній медицині. Такі біоімпланти здатні практично повністю замінити дефектні тканини або органи, і якщо вони виготовлені з 
дотриманням суворих протоколів і заходів контролю якості, можуть бути безпечними та ефективними для терапевтичного застосуван-
ня. Процес виготовлення біоімплантів включає різні ризики, які потребують оцінки та їх зменшення шляхом постійного моніторингу 
для забезпечення найвищих стандартів якості. Загалом, це дослідження аналізує вимоги до впровадження в клінічну практику нових 
медичних виробів для серцево-судинної хірургії та створення технічних файлів, які відповідають усій необхідній документації для 
сертифікації.

КЛЮЧОВІ СЛОВА: серцевий біоімплант; контроль якості; управління виробничими ризиками; технічне регулювання; медичні вироби 


