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ABSTRACT 

Background. Pathological changes in the tissues of the oculo-conjunctival region caused by 

the activity of the Demodex mite is represented by the development of inflammatory process. On 

detection of the parasite on eyelashes, the presence of the Demodex mite is diagnosed in half of 
adult patients seeking ophthalmic care. Pathomorphological descriptions of specific patterns as-

sociated with the presence of Demodex infection are practically absent. During pathological ex-

amination, in the vast majority of cases it is almost impossible to see the parasite in the test ma-

terial. There are pathomorphological patterns associated with the presence of the mite as a com-

mensal, not only on the eyelid surface or in the conjunctiva, but also in morphological structures 

formed against the background of pathological processes in this area.  

Aim. To find out the morphological patterns reflecting the pathomorphosis of some tumor 
processes in the eyelid thickness caused by demodectic invasion, which have not been identified 

so far in ophthalmopathological studies. 

Materials and Methods. We analyzed the archival material from the oculo-conjunctival re-
gion submitted to the ocular pathology laboratory within the period of 2020–2023. Surgical and 

biopsy specimens were processed by standard histologic methods.  

Results. One of the pathognomonic patterns of demodecosis are calcifications with fragments 
of the dead mite and cysts. When a mite rapidly destroys tissue, it leaves the site until it dies 

without retaining its fragments. Post-demodecosis pathomorphosis in basal cell carcinoma of the 

eyelids complicates the pathomorphologic diagnosis of the biopsy. 

Conclusions. Our results prove the presence of mites in tumor tissues and illustrate their in-
fluence on the development of the pathomorphological picture, which should be taken into ac-

count in the practical activity of a pathologist. 

Keywords: demodex mite, pathomorphology, ophthalmopathological examination, oculo-con-
junctival region. 

 

 

Introduction 

The idea of the role of Demodex mite in the 

development of ophthalmic pathology is still limi-

ted to the reactive inflammatory process of the 
eyelids and conjunctiva, usually associated with 

such clinical conditions as demodectic blepharitis, 
 

 blepharoconjunctivitis, chalazion, episcleritis, and 
marginal keratitis. According to the experience of 

clinical and laboratory diagnosis aimed at detec-

tion of the parasite on the eyelashes, at least half 
of the adult population seeking ophthalmic care 

can be diagnosed with Demodex mite. Therefore, 

with such a prevalence of the parasite in the oculo-
conjunctival region, it can be expected that the 

presence of Demodex in the adult population is 

not limited to an inflammatory response of the 

conjunctiva and eyelids [1; 2]. 
However, until recently in ophthalmopatholo-

gy, all ideas about Demodex-induced morpholog-

ical changes were limited to the picture of an acute 
or non-specific chronic inflammatory process. 

This is largely due to the fact that in ocular patho- 
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logy, as in pathomorphology in general, there are 

virtually no descriptions of specific patterns asso-
ciated with Demodex infection. This is largely due 

to the fact that, in contrast to clinical diagnosis 

during pathological examination, in the vast ma-

jority of cases it is almost impossible to see the 
parasite in biopsy or surgical material [1; 2]. 

At the same time, as our previous studies [1; 2] 

have shown, there are a number of pathological 
patterns associated with the presence of the mite 

as a commensal, not only on the eyelid surface or 

in the conjunctiva, but also in the morphological 
structures formed as a result of pathological pro-

cesses in this area. The experience of veterinary 

pathology, where demodecosis is much more  

common, allows us to pay attention to seemingly 
insignificant details. It is this experience that has 

allowed us to link certain details in the histomor-

phological picture, which are usually ignored as 
insignificant artifacts, to demodectic infection. 

The aim of our work is to find the morphologic 

patterns reflecting the pathomorphosis of some tu-

mor processes in the eyelid thickness caused by 
demodectic infection, which have not been identi-

fied in ophthalmopathologic studies so far. 
Materials and Methods 

The clinical and morphologic analysis in-
cluded cases of demodectic infection detected  

during histologic examination of clinical biopsy 
and surgical material received by the Laboratory 
of Ocular Pathology of Filatov Institute of Eye 

Diseases and Tissue Therapy of NAMS of 
Ukraine during the last four years (30 cases with 
demodex were found among 650 examined biop-
sies of patients with tumor diseases of the eyelids). 

The surgical and biopsy material was processed 
according to the generally accepted histologic 
methodology with the preparation of paraffin  
blocks. In each case, 8 to 12 serial hematoxylin-

eosin-stained histologic sections were examined. 

Results 

Our understanding of the pathognomonic his-

tomorphologic patterns of demodecosis was based 

on the experience of tissue examination of de-
modectic infections in veterinary medicine. It is in 

domestic animals that various manifestations of 

demodectic infection are most often detected, 

which, unlike in humans, often become the object 
of surgical intervention and, consequently, subse-

quent histologic examination. Thus, veterinary 

practice has allowed us to understand and evaluate 
the histomorphologic patterns that are pathogno-

monic for this parasitic infection, which we have 

noted in the study of a number of ophthalmic path-
ologic processes. 

 As a result of histomorphologic examination of 

surgical and biopsy material of the eyelids, the 
above patterns that are pathognomonic for demod-

icosis infection were detected in 30 cases, which 

is about 5% of the total number of studies for this 

period. 
First of all, such patterns are cystic cavities, 

which are most often seen in direct contact with 

the skin appendages, especially the sebaceous 
glands. It is the destruction of the sebaceous 

glands that explains the appearance of these cysts 

(Fig. 1). However, the origin of such cavities is 
not obvious to the pathologist without appropriate 

experience. 

 

 
 

Fig. 1. Adenoma of the sebaceous gland near 

the lower lid margin with a large number 

of glands destroyed by the mite. A calcified  
fragment of a dead mite is visible in one of the 

cavities (arrow). ×100 

 

Therefore, it is not surprising that such patterns 
are ignored, as well as many other artifacts caused 

by mechanical damage to histologic sections. For 

this reason, for a long time in ocular pathology, 
when examining biopsy and surgical material 

from eyelid tissues, no attention was paid to the 

characteristic patterns of demodecosis. 
In veterinary practice demodectic infection is 

usually associated with acute, chronic or granu-

lomatous inflammation, in which cystic cavities 

are usually found, as a result of the mite devouring 
the parenchyma of glands, mainly sebaceous 

glands. 

An important pathognomonic pattern of de-
modecosis are foci of calcification, which, like the 

aforementioned cysts, are usually interpreted as 

trivial dystrophic calcifications (Fig. 2). Only a 
specific examination of these calcifications re-

veals their unusual nature due to the fact that they 

are based on fragments of a dead mite in the form 

of keratinous debris [3–7]. 
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Fig. 2. Numerous foci of calcified mite fragments 

under the epidermis (horizontal arrow).  
The upper part shows the presumed site of mite 

penetration through the epidermis  

(vertical arrow). ×100 
 

Cases in which pathomorphologic diagnosis 

revealed patterns that are pathognomonic for de-
modectic infection were usually clinically mani-

fested as benign tumor processes: atheromas, se-

baceous gland adenomas, fibrolipomas, nevi, xan-
thelasma. Fig. 2 shows the histomorphologic pic-

ture of a clinically diagnosed xanthelasma of the 

eyelid. However, it is very difficult to confirm this 
diagnosis on the basis of pathological examina-

tion, since most of the cell parenchyma of the tu-

mor is destroyed, and mainly calcified fragments 

of the mite and its cavities are visible. Only the 
projection of the characteristic clinical manifesta-

tions of eyelid xanthelasma on the histomorpho-

logical picture, in which individual xanthoma 
cells are visible, allows to draw a conclusion about 

the post-demodecosis pathomorphosis of this tu-

mor process. This pathomorphosis is most pro-
nounced in adenomas of the sebaceous glands, 

which were often represented exclusively by cavi-

ties in the absence of glandular structures (Fig. 3). 

 

 
 

Fig. 3. Post-demodecosis pathomorphosis of a se-

baceous adenoma with total destruction of the 

glands, leaving only cavities made by the mite. ×100 

 As portrayed, concerning post-demodecosis 

pathomorphosis there are sometimes situations 
when the diagnosis of sebaceous adenoma is made 

without the adenomatous tissue itself, mainly on 

the basis of the previous clinical picture. Moreo-

ver, with such a total destruction of the tumor tis-
sue, sometimes even fragments of the mite may 

not be detected. This is due to the fact that with a 

sufficiently rapid destruction of the cellular array 
available to the mite, it leaves the area before 

death without preserving its fragments.  

This situation is more typical of sebaceous ad-

enomas, which are usually small in size. In addi-

tion, it should be noted that after the death of 

a mite under normal conditions, almost complete 

destruction occurs within 2–3 hours, which can be 

observed directly on a native clinical diagnostic 

preparation. Therefore, it is not surprising that in 

most cases only small fragments of the mite body 

or calcium-impregnated microfragments, keratin 

debris, are found. The parts of the mite that have 

not undergone calcification are lost in the histo-

logic specimen. Therefore, the absence of mite 

fragments cannot be considered a contraindication 

in the presence of other characteristic pathological 

patterns. However, even when such calcified frag-

ments are preserved, they rarely contain elements 

of the parasite body. Only in one case we did find 

a head part that had the characteristic chelicerae of 

the parasite almost completely preserved (Fig. 4). 

 

 
 

Fig. 4. A unique calcified fragment of the mite 

head with chelicerae preserved away from the 

epidermis. ×400 
 

It is interesting to note that in some cases, as 

a result of mite activity, the morphological picture 
of the pathological process changes so much that 

it can be difficult to diagnose. In this regard, the 

demodectic infection in basal cell carcinoma, 
which was detected in 10 cases on biopsy mate-

rial, is of particular interest. 
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In most cases, the pathomorphosis taking place 

after demodecosis was limited to the formation of 
cysts in certain areas of the tumor with preserva-

tion of the typical pattern of basal cell carcinoma. 

In two cases, however, the changes were so pro-

nounced that repeated review of the histopatho-
logic specimens was required for correct verifica-

tion of the tumor pathology (Fig. 5). 
 

 
 

Fig. 5. The typical tumor pattern is severely  
disturbed: only a solid complex with a barely 

preserved palisade is visible (arrow). Several 

cavities and areas of discharge can be seen  
beneath the epidermis due to the presence  

of Demodex, calcified fragments of which are 

also present near the epidermis. ×100 
 

The tumor was mostly represented by poly-

morphic cells situated randomly, without the ten-
dency to form complexes characteristic of basal 

cell carcinoma, as can be seen in Fig. 6. This pic-

ture dominated the initial examination. It was not 
until 12 serial sections were examined that some 

of them showed the picture of Fig. 5, with only 

a single complex characteristic of basal cell carci-
noma. 

 

 
 

Fig. 6. Fragment of the previous tumor: cells are 
randomly distributed against a background  

of cavities, characteristic solid complexes are  

absent. A calcified fragment of the parasite is seen 
in the upper part of the picture (arrow). ×200 

 It should also be noted that the patient had two 

tumors removed with the same clinical diagnosis: 
basal cell carcinoma. The second tumor had a his-

tomorphologic structure typical of basal cell car-

cinoma, which facilitated the targeted search and 

detection of the corresponding solid complexes in 
the other tumor. 

It should be noted that malignant tumors of the 

eyelid skin are usually not completely removed, 
and after biopsy and diagnosis, local cryodestruc-

tion is performed, sometimes followed by radio-

therapy. Therefore, the biopsy material is often 
small in volume and only some superficial layers 

of tumor tissue are present. Underestimating these 

circumstances can lead to difficulties in patho-

logic diagnosis, as illustrated by the case shown in 
Fig. 7. 

 

 
 

Fig. 7. Destruction of parenchyma by mites.  

The biopsy shows numerous cavities that are  

passages of the Demodex mite with a large num-
ber of calcified parasite fragments (arrows). ×100 

 

The above picture in the biopsy seems to 
clearly indicate demodecosis. Despite the clinical 

diagnosis of basal cell carcinoma, no tumor ele-

ments were found in the 10 serial sections exam-

ined. However, when referring to the clinical data, 
it was noted that the tumor nodule at the lid margin 

measured 10×6 mm and macroscopically corre-

sponded to a typical basal cell carcinoma, which 
was effectively cryodestructed after biopsy. 

The analysis of these circumstances made it 

possible to realize that the examined biopsy, 

measuring of 2×0.5 mm, in this situation cannot 
reflect the entire structure of the pathological pro-

cess. In addition, it is necessary to understand 

what cellular material was destroyed by the mite 

during the formation of a large number of cysts 
under the epidermis, especially since in this frag-

ment there were no hair follicles with which seba-

ceous glands could be associated. Thus, the cysts 
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shown in the previous photo were most likely 

formed as a result of the mite's destruction of the 
tumor parenchyma. This was confirmed by the 

following observation. 

On re-examining this biopsy material, special 

attention was paid to a small cluster of cells at the 
periphery of one of the cysts (Fig. 7, left part). Un-

der high magnification, one of the sections 

showed a certain resemblance of the cells of this 
complex to basalioma (Fig. 8). 

 

 
 

Fig. 8. A partially disrupted microcomplex at the 

periphery of a biopsy specimen of basal-like 

cells, but without a characteristic palisade. ×400 

 
Post-demodecosis pathomorphosis in basal 

cell carcinoma of the eyelids complicates the 

pathomorphologic diagnosis of the biopsy. 
Conclusions 

Based on the experience of studying biopsy 

material in veterinary medicine, in our study the 

attention was first drawn to the features of hyper-
trophic forms of chronic demodecosis, the mor- 

 phologic manifestations of which had not been 

previously recorded in ocular pathology. 
Subsequent observations performed in order to 

systematize a number of patterns that are pathog-

nomonic for demodectic infection allowed, based 

on the study of biopsy and surgical material, to ex-
pand the understanding of pathological changes in 

eyelid tissues associated with the presence of De-

modex mite and to draw attention to the pathomor-
phosis of some eyelid tumor processes. 

In general, the current study should be consid-

ered as preliminary, since the concept of tumor 
pathomorphosis caused by the presence of the De-

modex mite previously did not exist. At the same 

time, the examples presented by us not only prove 

the presence of the mite in the tumor tissue, but 
also show its significant influence on the patho-

morphologic picture, which should be taken into 

account in diagnostic work. 
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ABSTRACT 

Background. White-coat hypertension is a controversial issue of a modern cardiovascular 

medicine. It is a common condition in clinical practice, in which office blood pressure is elevated 

while out-of-office measurements (ambulatory or home) are normal.  

The aim of this review is to address a number of issues related to white-coat hypertension, in 

particular, its definition, prevalence, etiology, symptoms, and consequences, emphasizing the 

need to improve diagnosis, management and prognosis of this disease.  

Results. Recent studies demonstrate that white-coat hypertension is associated with cardio-

vascular risk factors, including the progression to sustained hypertension and the development of 

target organ damage.  Timely and accurate diagnosis of white-coat hypertension is incredibly 

important as it allows postponing its conversion to sustained hypertension and prevents alterations 

of target organ structure and function. The need for improved patient-doctor interaction to en-

hance diagnosis and management of white-coat hypertension cannot be overstated. Other 

measures include exploring standardized measurements, improving communication and relation-

ship establishing between physicians and patients, as well as investigating innovative interven-

tions such as health education and telemedicine. The importance of the understanding of the emo-

tional components contributing to white-coat hypertension are highlighted and strategies to im-

prove patient outcomes through early diagnosis, reduced anxiety, and optimal healthcare experi-

ences are proposed.  

Conclusion. A comprehensive approach, encompassing standardized measurements, im-

proved communication, and innovative interventions, is essential for effectively managing white 

coat hypertension. 

Keywords: blood pressure, cardiovascular risk, communication, healthcare, anxiety. 

 

 

Introduction 

White-coat hypertension, also known as the 

"white-coat effect" or "white-coat syndrome", re-

fers to the phenomenon where individuals exhibit 

elevated blood pressure readings specifically in a 

medical setting, despite having normal blood pres-

sure in their daily lives. White-coat hypertension 

occurs in 15–30% of individuals with an elevated 

office blood pressure, and this condition is quite 

reproducible [1]. In the early 2000s, Thomas Pick-

ering introduced the term "white-coat hyperten-

sion" to describe individuals not undergoing hy- 

 

 pertension treatment, yet exhibiting elevated of-

fice blood pressure alongside normal daytime 

blood pressure recorded through ambulatory  

blood pressure monitoring. The condition is char-

acterized by office measurements of 140/90 

mmHg or higher, while ambulatory or home read-

ings are normal [2]. Discrepancies in diagnostic 

criteria, as highlighted by different guidelines, 

contribute to challenges in accurate identification 

and management of white-coat hypertension. The 

consequences of misdiagnosis include the unwar-

ranted use of antihypertensive medications, em-

phasizing the importance of standardized measu-

rements. A balanced approach to diagnosis and 

treatment of white-coat hypertension is becoming 

increasingly important due to recent findings, 

which suggest that untreated white-coat hyperten-

sion is associated with an increased risk of cardi-

ovascular events and cardiovascular mortality 

compared with normotensive patients [3]. 
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The aim of this review is to improve the un-

derstanding of white coat hypertension, focusing 

on accurate diagnosis and effective management. 

This will be done by considering recent scientific 

publications and accomplishments of internatio-

nal scientists published during the last decades. 

Results and Discussion 

White coat hypertension, first identified by 

Riva-Rocci in 1896, involves an immediate in-

crease in blood pressure during a visit to the doc-

tor. A follow-up study in 1983 using intra-arterial 

blood pressure monitoring confirmed that the in-

crease in blood pressure and heart rate persisted 

throughout the visit. Microneurographic studies 

indicate an emotional "protective reaction" during 

communication with a doctor, which contributes 

to the emergence of "white coat" hypertension. 

Patients predisposed to this condition often report 

a negative medical experience in the past that 

leads to situational anxiety. Anticipation of high 

blood pressure readings and the peculiarities of 

perception of hypertension, whether accurate or 

not, may increase anxiety by influencing blood 

pressure responses during a visit to the doctor. 

Metabolic syndrome has also been linked to white 

coat hypertension, with associated risks for cardi-

ovascular disease and diabetes. However, the limi-

tations of anxiety measurement methods in previ-

ous studies require further research for a compre-

hensive understanding of this phenomenon [4]. 

Different measurements in medical offices and 

at home can lead to the fact that doctors mistak-

enly diagnose patients as hypertensive. The prev-

alence of white coat hypertension varies across 

studies due to different cut-offs for normal out-of-

office blood pressure readings. While the 2013 

European guidelines report a 13% prevalence, re-

cent reviews suggest 30–40% of patients diag-

nosed with hypertension based on office measure-

ments alone have normal out-of-office blood pres-

sure [5; 6]. Ambulatory monitoring is crucial for 

accurate diagnosis, the suggested intervals for 

confirmation and ongoing monitoring should be 

maintained. Additionally, resistant hypertensive 

patients may present with white-coat hyperten-

sion, emphasizing the importance of cautious 

medical decisions based on comprehensive evalu-

ations rather than isolated office readings. 

Certain studies indicate that females, individu-

als over 50, and nonsmokers are more prone to 

white coat hypertension [7; 8]. However, some 

studies suggest that a patient's gender, if not influ-

enced by variables such as stress, does not essen-

tially determine the likelihood of developing whi- 

 te-coat hypertension. High levels of stress in 

women are more closely associated with white-

coat hypertension than in men, which may be re-

lated to different responses to stress during clinic 

visits. The diagnosis of white coat hypertension 

tends to rise significantly with age, possibly at-

tributed to age-related arterial stiffness. In addi-

tion, patients with white coat hypertension often 

exhibit lower office systolic blood pressure mea-

surements [9]. 

Solving the problem of "white-coat" hyperten-

sion involves building a therapeutic relationship 

between physicians and patients. Effective com-

munication, empathy, and trust can reduce patient 

anxiety during medical visits, potentially impact-

ing white-coat hypertension. Physician-patient 

communication encompasses instrumental ex-

change (medical tasks) and affective communica-

tion (building a therapeutic relationship) [10; 11]. 

Nonverbal cues, such as warm demeanor and ac-

tive listening, contribute significantly to patient 

outcomes. Empathy, involving understanding and 

reflecting patient feelings, is linked to improved 

patient adherence and satisfaction. Physician em-

pathy can be enhanced through communication 

skills training. Trust, established through caring 

communication and shared decision-making, is 

crucial in reducing patient anxiety. Sufficient time 

during office visits is essential for addressing pa-

tient concerns, understanding perspectives, and 

fostering a positive physician-patient relationship. 

The literature extensively addresses enhancing 

communication between medical providers and 

patients through training programs and courses 

[12]. Medical schools, residency programs, and 

advanced training courses are increasingly incor-

porating communication and interpersonal skills 

into their curricula. However, the effectiveness of 

such training remains somewhat limited, with im-

provements needed in methodological approaches 

for assessing the impact on health outcomes. Con-

sidering the emotional components of white-coat 

hypertension, studies focusing on emotional out-

comes show promising results. Physician training 

programs that address patients' emotional con-

cerns lead to reduced emotional distress, high-

lighting the potential impact on conditions like 

white-coat hypertension. Patient-focused training 

programs, encouraging participation through ques-

tion asking or coaching before medical visits, pro-

ved to be beneficial [13]. Patients who prepare 

questions and receive information before visits re-

port lower anxiety levels, suggesting a positive im-

pact on overall well-being and treatment adherence. 
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Exploring future techniques to enhance the 

provider-patient relationship and reduce patient 

anxiety, interventions focusing on information 

provision and stress reduction before office visits 

have been considered. Past approaches involved 

waiting room interventions using health educators 

to improve communication about pain and in-

crease patient-initiated communication, potential-

ly reducing stress [14]. Telemedicine, including 

methods like email communication and video vi-

sits, presents an alternative to traditional commu-

nication, with evidence suggesting that patient-

centered care and satisfaction can be maintained. 

In hypertension care, telemedicine has shown 

promise in improving accurate diagnoses, early 

intervention, medication adherence, blood pres-

sure control, and overall health outcomes. While 

not specifically studied in patients with white coat 

hypertension, these findings could have positive 

implications for this group, potentially leading to 

improved health outcomes and reduced healthcare 

costs [15]. 

Conclusion 

In conclusion, white-coat hypertension pre-

sents challenges in accurate diagnosis and man-

agement. Varying measurement criteria, emo-

tional factors, and discrepancies in guidelines con-

tribute to its complexity. Addressing this condi-

tion requires improved communication and rela- 

 tionship-building between physicians and pa-

tients. Training programs focusing on communi-

cation skills, empathy, and trust can mitigate pa-

tient anxiety. Nonverbal cues, patient-focused in-

terventions, and potential telemedicine applica-

tions show promise. A comprehensive approach, 

encompassing standardized measurements, im-

proved communication, and innovative interven-

tions, is essential for effectively managing white 

coat hypertension. Understanding emotional com-

ponents and exploring technological advance-

ments can lead to more accurate diagnoses and 

better patient outcomes. 
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ABSTRACT 

Background. The impact of circulating amino acid levels and their combinations on the path-

ogenesis of ischemic heart disease and atrial fibrillation is a current issue, otherwise, the platelets 

amino acid spectrum is still under discussion, despite the known pathogenetic role of platelets in 

these disorders.  

Aim. To compare changes in the plasma and platelets amino acid spectrum in patients with 

coronary artery disease and atrial fibrillation as well as to find their connections. 

Materials & Methods. 300 patients were divided into 3 groups: I group – 149 patients with 

coronary artery disease without arrhythmias, II group – 124 patients with coronary artery disease 

and atrial fibrillation paroxysm, and the control group – 27 patients without coronary artery 

disease and arrhythmias. Plasma and platelet amino acid levels were detected by means of ion 

exchange liquid column chromatography. 

Results & Conclusions. In platelets amino acid spectrum, a significant rise in leucine 

(12.63%), isoleucine (10.73%), and Fishers’ ratio (6.37%); a decrease in threonine (23.05%), va-

line (30.83%) levels, glycine (32.21%), serine (5.06%), and glycine+serine sum (20.51%) in 

group 2 patients was found compared with group 1, p<0.05. In the plasma amino acids spectrum, 

a significant increase in glutamate, branched-chain amino acids, and Fishers’ ratio and a decrease 

in glycine in group 2 patients was checked in comparison with group 1, p<0.05. Only 10 moderate 

strength correlations were revealed between the plasma and platelets amino acid spectrum of in-

vestigated patient’s groups. These changes in platelets and plasma amino acids spectrum were not 

significantly congruent in patients with coronary artery disease and atrial fibrillation. Plasma and 

platelets amino acid spectrum should be analyzed separately in patients with coronary artery 

disease and atrial fibrillation for further studies and evaluation of new prognostic markers and 

pathogenetic clues to their development.  

Keywords: myocardial ischemia, heart rhythm violations, proteins, metabolomics.  

 

 

Abbreviations: 

Coronary Artery Disease (CAD), Atrial Fibril-

lation (AF), CardioVascular (CV), InterLeukin 

(IL), Amino Acids (AAs), Platelet Count (PC), 

Platelet Distribution Width (PDW), Mean Platelet 

Volume (MPV), Platelets-to-Leucocytes Ratio 

(PLR), Branched-Chain AAs (BCAA), Control 

Group (CG), Body Mass Index (BMI), Total Cho-

lesterol (TC), Glomerular Filtration Rate (GFR),  
 

 Myocardial Infarction (MI), aromatic AAs (AAAs), 

Sulfur Contains AA (SCAAs). 

Introduction 

Coronary Artery Disease (CAD) and Atrial Fi-

brillation (AF) are known and widely spread Car-

dioVascular (CV) pathology. Batta A. et al. notes 

that more than half of AF cases are accompanied 

by CAD [1]. Based on the world statistics, 16% to 

28% Ukrainian population suffered from AF from 

1990 to 2019 years. Moreover, data vary accord-

ing to sociodemographic index quintiles – poverty 

leads to the worst AF prognosis and increases its 

quantity in the population [2]. CAD and AF are 

pathogenetically closely linked and have nume-

rous similar risk factors, such as arterial hyperten-

sion, obesity, diabetes mellitus, dyslipidemia, in-

flammatory disease, etc. Besides, CAD is one of  
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the main and most important AF risk factors by 

itself [3; 4]. 

CAD and AF pathogenesis is undoubtedly  

closely linked with prothrombotic states. Platelet 

condition represents an important part of the he-

mostatic balance. Platelet activation is directly in-

volved in thrombosis and inflammation processes, 

which are the known key factors in AF paroxysm 

development. Zhou P. et al. describes the im-

portance of proinflammatory markers evaluation 

in prediction permanent AF development in CAD 

patients. They note that evaluation of InterLeukin-

1 (IL-1), IL-6, IL-10 and C-reactive protein have 

the high predictive potential for evaluating the 

probability of permanent AF development [5].  

Proinflammatory cytokines levels are closely lin-

ked with circulating nitrogen-contain Amino 

Acids (AAs) as arginine, glutamine etc. Arribas-

Lopes E. et al. found that glutamine supplementa-

tion leads to significant rise of IL-6, which closely 

associated with increased morbidity and mortality 

[6]. Also, Zhang L. et al. notes that AF and CAD 

are characterized by a decrease in Platelet Count 

(PC) and a rise in Platelet Distribution Width 

(PDW), Mean Platelet Volume (MPV), and Plate-

lets-to-Leucocytes Ratio (PLR). Nowadays cor-

rection platelet characteristics in CAD and AF pa-

tients is an attractive substrate for AF paroxysm 

development prophylaxis in CAD patients [7; 8]. 

Metabolomic is a newer powerful tool for de-

tection of global and cardiac-specific metabolism. 

It targets small molecule metabolites (sugars, nu-

cleotides, AAs, and lipids). Proteomics is a crucial 

metabolomic part, which includes AAs exchange 

peculiarities in CV diseases [8]. The violations of 

AAs metabolism in CV patients are up-to-date and 

widely discussed in scientific society. A preva-

lence of studies describes circulating AAs values 

and their role in CV pathology pathogenesis [8; 9], 

but there is still a lack of data about platelets AAs 

composition in patients with CAD and AF. 

Previous studies have shown several changes 

in the circulating AAs profile, which can be asso-

ciated with AF development, but the obtained data 

are controversial. Also, She J. et al. mentioned that 

circulation AAs peculiarities are common for the 

majority of metabolic disorders, which are known 

as AF and CAD risk factors. The depth of meta-

bolic disorders inherent in AF is shown by plasma 

AAs violations. Furthermore, therapeutic amino 

acids supplementation can be an attractive deci-

sion for AF paroxysm prevention and manage-

ment [10]. On the other hand, Huang J. et al. de-

scribed that AAs play an important role in platelet  

 metabolism: calcium release, integrin activation, 

granular secretion, and shape changes [11]. For 

example, Branched-Chain AAs (BCAA) promote 

thrombosis risks [7]. Meanwhile, Bayron-Marrero Z. 

et al. noticed that the AAs composition of platelet 

receptors is crucial for CAD development and 

prognosis [12]. Thus, platelet proteome investiga-

tion is an up-to-date scientific problem [11]. 

Moreover, the changes in platelets and plasma 

AAs spectrum coinciding or mismatched are still 

unclear.  

The aim of the study was to compare the 

changes in the plasma and platelets amino acids 

spectrum in patients with coronary artery disease 

and atrial fibrillation and to find their relations. 

Materials & Methods 

Mean characteristics of investigated groups are 

shown in Table 1. 

Plasma and platelet AAs levels were investi-

gated by ion exchange liquid column chromatog-

raphy. Automatic amino acids analyzer Т 339 

(Mikrotehna, Czech Republic) was used. Blood 

sampling from patients was taken fasted from the 

cubital vein, before treatment. Citrated blood was 

centrifuged during 10 minutes with at a speed of 

1500 revolutions per minute. For platelets collec-

tion the middle layer was selected by a Pasteur pi-

pette, there plasma was saturated by platelets. This 

material was again centrifuged during 20 minutes 

with a speed of 3000 revolutions per minute. The 

upper supernatant liquid was collected by a Pas-

teur pipette, after the lower layer was washed by 

phosphate buffer solution with pH 6.2. Then  

washed platelets are resuspended in a buffer (pH 

7.4). Twenty (20) AAs were identified in this  

study: arginine, lysine, alanine, ornithine, histi-

dine, isoleucine, taurine, methionine, threonine, 

asparaginic acid, serine, proline, glutaminic acid, 

glycine, cysteine, tyrosine, valine, phenylalanine, 

leucine, glutamine. They include BCAAs – isoleu-

cine, leucine, and valine; aromatic AAs (AAAs) – 

tyrosine and phenylalanine; Sulfur Contains AAs 

(SCAAs) – taurine, cysteine, and methionine [7]. 

All patients signed an informed consent to par-

ticipate in the study. 

The results were presented as mean ± standard 

error or for continuous variables. Pearson criterion 

checked variable distribution for normality. The 

data were compared using Wilcoxon signed-rank 

test or Student t-test with two critical regions by 

the type of distribution. Spearman's correlation 

analysis was used to explore their correlations  

[15]. MATLAB R2014a (MathWorks, Inc., USA, 

License No.271828) was used for calculations. 
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Table 1. The characteristics of investigated groups 

 

Characteristic /group Group 1 Group 2 Control group (CG) 

Patients number 149 124 27 

Patients’ diagnosis  

(by the recent ESC 

guidelines [3; 4].) 

CAD  

and without arrhythmias 

AF paroxysm  

and CAD 

without CAD  

and arrhythmias 

Diagnosis  

conformation 

coronary artery stenotic 

changes during invasive 

coronary angiography  

in history 

12 leads  

electrocardiography  

at rest 

exclusion  

by Holter ECG  

and history 

Baseline  

characteristics 

age, gender, Body Mass Index (BMI), Total Cholesterol (TC), total bilirubin, uric 

acid, Glomerular Filtration Rate (GFR), and Myocardial Infarction (MI), stroke, 

diabetes mellitus in history 

Exclusion criteria 

reported malignancies, heart failure Class III to IV (by New York Heart Associa-

tion [13]), thyroid pathology, chronic kidney disease (GFR <60 ml/min), valvular 

AF, irritable bowel syndrome, inflammatory bowel disease, vegetarians and ve-

gans, pregnancy, usage of the probiotics and antibiotics for a three month before 

the study. 

Ethical improvement 

of the protocol 

in the ethical commission of Kyiv City Clinical Hospital No.12 (No.8 on August 

22, 2018). Informed consent was obtained from all subjects according to the Dec-

laration of Helsinki [14]. 

Study location 
the cardiological and therapeutic departments of Kyiv City Clinical Hospital 

No.12 in 2018–2023 years 

Study laboratory laboratory in Kyiv City Clinical Hospital No.12 (certificate # ПТ – 257/21). 

 

 

The study was conducted according to the de-

partment scientific research project "Changes in 

protein, carbohydrate and lipid metabolism in pa-

tients with coronary heart disease and arterial hy-

pertension with heart rhythm disorders, possibili-

ties of drug correction" 2021–2023 (state registra-

tion number 0121U108875).  

Results 

All baseline characteristics were investigated 

in the observed patients. In groups 1 and 2, TC 

(32.64% and 43.06% respectively) and uric acid 

(22.66% and 30.53% respectively) levels were in-

creased and GFR (by 26.16% and 19.38% respec-

tively) was decreased in comparison with CG 

(p<0.05). In groups 1–2 included patients with 

stroke, or MI history, diabetes mellitus, obesity, 

such cases was not in CG. In both investigated 

groups no significant difference was found in the 

age and gender, total bilirubin, BMI, and smoking 

history (p<0.05). The data are shown in Table 2. 

Platelet AAs spectrum was analyzed in inves-

tigated patients. Thus, in group 1 demonstrated a 

decrease in taurine (20.26%), serine (9.31%), and 

glycine (19.73%) and an increase in isoleucine 

(12.41%) level versus the CG (p<0.05). And  

 group 2 showed decline in threonine (29.37%),  

taurine (19.84%), glycine (45.59%), serine  

(13.90%), and valine (27.87%), and a rise in leu-

cine (10.20%), isoleucine (24.47%) levels versus 

the CG (p<0.05). In group 2, a decrease in serine 

(5.06%), threonine (23.05%), valine (30.83%),  

glycine (32.21%), and an increase in leucine 

(12.63%), and isoleucine (10.73%) levels were 

observed versus group 1 (p<0.05). The data are 

shown in Fig. 1. 

The platelets AAs combinations were detected 

for a deeper understanding of propionic violations 

in investigated groups. In group 2 patients, an in-

crease in AAAs (13.58%), BCAAs (10.34%), 

Fishers’ ratio (26.50%), and a significant decrease 

in SCAAs (19.25%) and glycine+serine sum 

(32.91%) versus the CG (p<0.05) were found. In 

group 1 patients a significant increase in BCAAs 

(7.28%), Fishers’ ratio (18.93%), and a decrease 

in SCAAs (19.52%) and glycine+serine sum  

(15.60%) ver-sus the CG, p<0.05 were revealed. 

In group 2 patients an increase in Fishers’ ratio  

(6.37%) and a significant decrease in glycine+se-

rine sum (20.51%) versus group 1 (p<0.05) were 

present. The data are presented in Fig. 2. 
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Table 2. The baseline characteristics of the study groups, mean ± standard error 
 

Characteristic /group Group 1 Group 2 CG 

Age (years) 67.71±3.90 67.96±0.94 56.25±2.18 

Men (%) 48.99 47.97 48.15 

Smoking (%) 51.01 41.46 40.74 

History of myocardial infarction (%) 30.87+ 26.02# 0 

History of stroke (%) 8.72+ 8.13# 0 

Diabetes mellitus (%) 18.12+ 14.63# 0 

Obesity (%) 8.84+ 12.0# 0 

BMI (kg/m2) 27.02±0.33 26.93±0.43 27.12±2.10 

Total bilirubin (mmol/l) 11.3±0.09 12.4±0.08 11.7±0.11 

Uric acid (mmol/l) 380.5±28.16+ 404.9±36.11# 310.2±29.12 

GFR (ml/min) 62.03±2.31+ 67.73±1.98# 84.01±5.48 

TC (mmol/l) 5.73±0.37+ 6.18±0.31# 4.32±0.21 
 

Notes: + – (p<0.05) I group – CG; # – (p<0.05) II group – CG; * – (p<0.05) I–II groups. 

 

 
Fig. 1. Platelets amino acids profile in investigated groups, µmol/l. 

 

Notes: + – (p<0.05) I group – CG; # – (p<0.05) II group – CG; * – (p<0.05) I–II groups, CG – control group. 

 

  
Fig. 2. Platelets amino acids combinations in investigated groups, µmol/l 

 

Notes: + – (p<0.05) I group – CG; # – (p<0.05) II group – CG; * – (p<0.05) I–II groups; CG – control group;  

BCAA – branched chain amino acids; AAA – aromatic amino acids; SCAA – sulfur contain amino acids. 
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The plasma AAs spectrum was analyzed in inves-

tigated groups. In group 1 patients a significant 

decrease in glycine, valine, and alanine levels was 

detected versus the CG (p<0.05). In group 2 pa-

tients an increase in glutamate, and a significant 

decrease in glycine, valine, alanine, serine, and 

 glutamine levels were revealed compared with the 

CG (p<0.05). In group 2, a rise in glutamate and 

a significant depletion in glycine levels were de-

tected versus group 1, p<0.05.  

 

The data are presented in Fig. 3 and Table 3. 

 

 
 

Fig. 3. Plasma amino acids spectrum in investigated groups, μmol/l 

 

Notes: + – (p<0.05) I group – CG; # – (p<0.05) II group – CG; * – (p<0.05) I–II groups; CG – control group. 

 

 

Table 3. Plasma amino acids spectrum in investigated groups, μmol/l 

 

Characteristic 

/group 
Group 1 Group 2 CG рG1–G2 рG2–CG рG1–CG 

Lysine 
25.35  

[19.44; 133.33] 

29.84  

[19.36; 112.24] 

91.83  

[17.18; 181.32] 
p>0.05 p>0.05 p>0.05 

Histidine 
11.52  

[9.48; 53.04] 

10.32  

[9,60; 46.48] 

46.49  

[5.56; 63.38] 
p>0.05 p>0.05 p>0.05 

Arginine 
13.13  

[8.57; 87.5] 

22.96  

[9.12; 79.55] 

62.09  

[6.63; 119.32] 
p>0.05 p>0.05 p>0.05 

Ornithine 
16.04  

[10.01; 122.22] 

22.09  

[11.78; 88.00] 

75.59  

[7.85; 179.89] 
p>0.05 p>0.05 p>0.05 
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Characteristic 

/group 
Group 1 Group 2 CG рG1–G2 рG2–CG рG1–CG 

Taurine 
12.04  

[4.80; 29.41] 

7.87  

[4.30; 45.29] 

23.97  

[3.28; 53.37] 
p>0.05 p>0.05 p>0.05 

Asparaginate 
4.82  

[1.42; 6.08] 

3.95  

[1.83; 4.39] 

4.43  

[0.79; 9.39] 
p>0.05 p>0.05 p>0.05 

Threonine 
21.19  

[12.87; 63.22] 

17.65  

[14.23; 69.54] 

61.82  

[10.97; 91.46] 
p>0.05 p>0.05 p>0.05 

Serine 
15.08  

[13.70; 52.17] 

20.64  

[13.49; 29.37] 

60.18  

[11.51; 103.45] 
p>0.05 p<0.05 p>0.05 

Glutamate 
18.67  

[15.64; 29.41] 

25.23  

[21.51; 36.76] 

17.57  

[7.34; 20.15] 
p<0.05 p<0.05 p>0.05 

Proline 
25.00  

[16,33; 63.46] 

23.33  

[16.67; 82.50] 

80.23  

[13.33; 115.38] 
p>0.05 p>0.05 p>0.05 

Glycine 
31.18  

[20.95; 147.90] 

28.04  

[21.50; 44.82] 

189.00  

[56.56; 281.40] 
p<0.05 p<0.05 p<0.05 

Alanine 
57.86  

[45.64; 145.29] 

56.25  

[48.31; 131.65] 

206.28  

[40.47; 345.24] 
p>0.05 p<0.05 p<0.05 

Cysteine 
6.52  

[5.32; 78.95] 

5.69  

[5.21; 39.47] 

44.83  

[5.32; 88.45] 
p>0.05 p>0.05 p>0.05 

Valine 
28.56  

[22.44; 142.86] 

25.89  

[19.48; 137.50] 

34.87  

[13.97; 82.86] 
p>0.05 p>0.05 p<0.05 

Methionine 
2.71  

[2.07; 9.18] 

3.97  

[2.64; 11.09] 

6.03  

[2.37; 16.13] 
p>0.05 p>0.05 p>0.05 

Isoleucine 
8.33  

[5.78; 31.50] 

11.02  

[6.86; 36.17] 

31.38  

[5.34; 46.88] 
p>0.05 p>0.05 p>0.05 

Leucine 
16.35  

[12.70; 61.54] 

23.07  

[12.90; 63.46] 

51.87  

[12.90; 92.31] 
p>0.05 p>0.05 p>0.05 

Tyrosine 
8.01  

[5.84; 35.71] 

7.69  

[5.96; 15.07] 

21.10  

[9.57; 44.12] 
p>0.05 p>0.05 p>0.05 

Phenylalanine 
6.79  

[6.08; 23.53] 

12.14  

[6.69; 24.12] 

17.64  

[5.56; 29.41] 
p>0.05 p>0.05 p>0.05 

Glutamine 
78.22  

[57.14; 337.26] 

74.01  

[51.19; 164.44] 

234.79  

[96.18; 398.53] 
p>0.05 p<0.05 p>0.05 

 

 

Also, plasma AAs were combined according to 

their biochemical properties and exchange and 

these results were compared in investigated gro-

ups. In group 2, a rise in BCAAs and Fishers’ ratio 

was found versus group 2 (p<0.05). In group 2, 

a significant rise in BCAAs and Fishers’ ratio and 

 a decrease in glycine+serine sum was found ver-

sus the CG (p<0.05). In group 1, a rise in Fishers’ 

ratio and a decrease in glycine+serine sum was 

present versus the CG, p<0.05.  

 

The data are presented in Fig. 4 and Table 4. 
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Fig. 4. Plasma amino acid combinations in investigated groups, μmol/l 

 

Notes: + – (p<0.05) I group – CG; # – (p<0.05) II group – CG; * – (p<0.05) I–II groups; CG – control group; 

BCAA – branched chain amino acids; AAA – aromatic amino acids; SCAA – sulfur contain amino acids. 

 

 

Table 4. Plasma amino acid combinations in investigated groups, μmol/l 

 

Characteristic/group Group 1 Group 2 CG рG1–G2 рG2–CG рG1–CG 

SCAA 
16.6  

[11.29; 124.88] 

17.19  

[11.80; 133.10] 

85.76  

[10.73; 139.83] 
p>0.05 p>0.05 p>0.05 

BCAA 
52.84  

[40.73; 214.77] 

61.55  

[54.41; 260.92] 

109.88  

[38.63; 215.67] 
p<0.05 p<0.05 p>0.05 

AAA 
14.54  

[11.40; 60.29] 

19.85  

[11.69; 47.63] 

38.74  

[14.30; 77.63] 
p>0.05 p>0.05 p>0.05 

Fishers’ ratio 
3.66  

[3.31; 4.04] 

3.88  

[3.29; 4.52] 

2.77  

[1.97; 3.14] 
p<0.05 p<0.05 p<0.05 

glycine+serine 
47.40  

[34.78; 188.10] 

56.55  

[39.73; 95.82] 

208.52  

[28.07; 363.95] 
p>0.05 p<0.05 p<0.05 

 

 

 

The correlation analysis between plasma and 

platelet AAs spectrum was done in the study. The 

biggest number of correlations was checked be-

tween the plasma AAs spectrum and asparagine 

acid (total number = 3). The largest amount of cor-

relations was found between platelet AAs spec-

trum and glutamic acid (total number = 3). The 

data are presented in Fig. 5. 

 In sum, in this study the plasma and platelet 

AAs spectrum and their combinations were re-

vealed and compared in group 1 (patients with 

CAD and without arrhythmias), group 2 (patients 

with CAD and AF), and control group (patients 

without CAD and AF). The correlation analysis 

between plasma and platelets AAs spectrum was 

performed to reveal their associations. 
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Fig. 5. Correlation matrices between plasma and platelet amino acids spectrum, p<0.05 

 

Notes:         – moderate negative correlations;         – moderate positive correlations; 

BCAA – branched chain amino acids; AAA – aromatic amino acids; SCAA – sulfur contain amino acids. 

 

 

Discussion 

Evaluation of plasma AAs features in patients 

with CV pathology is widely used. Several studies 

describe changes in plasma AAs profile in patients 

with arterial hypertension [16], coronary artery 

disease, heart failure [17], atrial fibrillation [8], 

etc. According to the obtained data patients with 

CAD and AF paroxysm were characterized by 

BCAAs, AAAs, glycine, serine, and threonine ex-

change violations in comparison with CAD and 

without arrhythmias group, what can imply their 

role in AF paroxysm development. Also, Fisher’s 

ratio was increased in CAD patients with and 

without AF congruently.  

These data are matched with the literature 

overview. According to Zhang L. et al. study, AF 

paroxysm is closely appropriate with glycine, seri-

ne, and threonine exchange [8]. Chu C. et al. no-

ticed that their metabolism in cardiomyocytes is 

closely linked, and they can be a precursor of each  

 other. Glycine metabolism is indirectly closely de-

veloped with the one-carbon metabolism pathway, 

which provides homocysteine regulation, DNA 

methylation, generation of methyl donors, and 

other components of antioxidative action. Glycine 

is also improving nitric oxide synthesis, thereby 

increasing central arterial pressure and arterial 

stiffens. According to several studies, it has anti-

inflammatory and antilipidemic properties, there-

by preventing atherosclerosis development [18; 

19]. Cifuentes F. et al. described that, glycine de-

pletion is associated with autonomic dysregula-

tion, thereby an increase in sympathetic activity 

and cardiac autonomic remodeling formation [20]. 

Furthermore, the glycine, serine, and threonine 

metabolism pathway play a crucial role in energy 

regulation [18]. According to Gao X. et al. data, 

serine regulates mitochondrial activity, thereby 

cell formation and proliferation. Mitochondrial 

serine metabolism is thought to be considered for  
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cellular NADPH production. Precisely serine ex-

change is closely linked with lipids and indirectly 

with glucose exchange. Nucleotide synthesis, re-

dox balance, and alteration of sphingolipids me-

tabolism are intricately, but tightly connected with 

serine level [21]. In the Mesubi O. et al. animal 

experiment, serine-threonine protein kinases are 

abundant in the myocardium thereby linked with 

membrane excitability, calcium homeostasis, ma-

trix remodeling, apoptosis, which are the basis for 

atrial remodeling and AF paroxysm development 

[22]. Tang Q. et al. noticed that serine and threo-

nine in intestinal barrier permeability conduction 

and mucin production, are the crucial part of mi-

crobial endotoxemia development [23]. Accord-

ing to Gawalko M. et al. overview, gut microbiota, 

and its metabolites, which include AAs, play an 

important role in AF pathogenesis and are a re-

markable part of most metabolomic studies [24].  

Gut microbiota and AAs exchange relations are 

interesting and up-to-date scientific topic, which 

can be useful in the search of a new AF paroxysm 

prevention and management therapeutic strategies 

[25]. This study presents deeper insight into rela-

tions between platelets and plasma amino acids, 

but their links with gut microbiota composition 

are also interesting scientific question. 

Also, BCAAs plasma levels and Fisher's ratio 

were increased in patients with CAD and AF. Ac-

cording to Karadeniz A. et al., increase of BCAAs 

concentrations regulates the mTOR signaling 

pathway, which is a central regulator of cellular 

metabolism, that improves insulin resistance and 

provokes low-grade chronic inflammation. Re-

dundant BCAAs is addicted to atrial accumula-

tion, which aggravates tissue fibrosis and mito-

chondrial oxidation. Moreover, BCAAs improved 

platelet activity, leading to their activation and 

degranulation by promoting thrombomodulin-3 

propionylation [26]. Yang S. et al. mentioned that 

it is no wonder that glycine, serine, threonine, and 

BCAAs metabolism disruption are associated 

with life-threatening ventricular arrhythmias [27]. 

In Zhang J. et al. animal experiments, a rise of cir-

culating BCAAs (mostly leucine and isoleucine) 

is associated with hypertriglyceridemia, thereby 

CV pathology via the mTOR/SREBP-1/betatro-

phin pathway. Moreover, BCAAs increase indi-

rectly associated with diabetes mellites and fatty 

liver. Interesting, circulating BCAAs levels can be 

successfully reduced by metformin supplementa-

tion [28]. AAAs are involved in inflammatory 

processes by their impact on T lymphocytes and 

macrophage function. Tyrosine plays an important  

 role in nitric oxide production. Phenylalanine is 

a precursor of adrenaline, noradrenaline, and thy-

roid hormones. Undoubtedly, all described mech-

anisms take part in CVD development [18]. Fish-

ers’ ratio is a known marker of CV events. It is 

calculated as BCAAs/AAAs circulating values. 

Thus, an increase in BCAAs and a decrease in 

AAAs are the important characteristic of investi-

gated patients [8]. 

Despite this, the plasma AAs spectrum is char-

acterized by high variability. It depends on the nu-

merosity of external and internal factors, such as 

age, gender, diet, physical activity [29], coexistent 

diseases, mental state, stress [30], etc. This can be 

a limitation for further plasma AAs investigations. 

Moreover, the plasma and serum AA spectrum 

can be different, which needs further investigation 

and what can be the cause of misunderstanding in 

circulating AAs values analysis. 

The evidence points out that the role of plate-

lets in AF paroxysm pathogenesis is increasing. 

Platelets AAs composition is corelated with trans-

thoracic echocardiography indexes. Left atrium 

characteristics are directly related with leucine 

level and inversely with alanine and serine levels. 

At the same time, left ventricular indices corre-

lated with serine, threonine, alanine, arginine, and 

isoleucine levels, what proved the role of such 

platelet’s changes in prothrombotic state develop-

ment [31]. Huang J. et al. noticed that the platelet 

activation process is connected with its unique 

proteomic changes [32], which can be not congru-

ent with cardiomyocytes and plasma features. In 

the Song Y. et al. experimental study it was sug-

gested that AAAs derivates can activate platelets 

and mediate thrombosis via adrenergic receptor 

activation. Their production is connected with gut 

microbiota composition via a rise of pathogenic 

strains, such as Streptococcus spp., Enterococcus 

spp., and Ruminococcus spp., which can induce 

AF via an increase of trimethylamine-N-oxide, in-

dole sulfate, and primary bile acids circulation 

[33]. The topic of thrombosis-associated metabo-

lomics is understudied, and has a big potential for 

new biomarkers identification. Extracellular gly-

cine is characterized by antithrombotic properties 

via CD8+ T-cell activation, which interacts with 

extracellular toxicity and thrombogenesis [34]. 

Huang K. et al. noticed that the prothrombotic 

state is closely linked with metabolic disorders, 

via gut microbiota metabolites that include AAs 

profile by itself and their derivates, such as trime-

thylamine-N-oxide, etc. several gut microbiota 

metabolites potentiating cytosolic phospholipase 
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A2 activation and platelets hyperresponsiveness, 

via inhibition of integrin α2β1. Thus, gut microbiota 

condition and its metabolites, including AA pro-

file and its derivates are attractive potential thera-

peutic targets for thrombosis prevention [35]. 

Therefore, plasma and platelets AAs spectrum 

both are an important characteristic of human 

health, forming AF and CAD pathogenesis at dif-

ferent points, which can provide a further progno-

sis of pathological process development and can 

be the target for secondary prophylaxis and treat-

ment. 

Presented study is mostly explained the ob-

tained peculiarities in platelets and plasma AAs 

changes and their links during AF paroxysm in 

CAD patients. The limitations are the lack of pre-

vious studies in this area and variability of plasma 

AAs spectrum. 

Conclusions 

In this study plasma and platelet amino acids 

spectrum features in patients with coronary artery 

disease and atrial fibrillation were analyzed and 

compared, but reliable relationships were not 

found. In platelets amino acids spectrum, a signif-

icant decrease in serine (5.06%), threonine 

(23.05%), valine (30.83%), glycine (32.21%) lev-

els, and glycine+serine sum (20.51%) and an in-

crease in leucine (12.63%), isoleucine (10.73%), 

and Fishers’ ratio (6.37%) in patients with coro-

nary artery disease and atrial fibrillation was 

found compared with patients with coronary ar-

tery disease and without atrial fibrillation, p<0.05. 

In the plasma amino acids spectrum, a significant 

increase in glutamate, branched chain amino ac-

ids, and Fishers’ ratio and a decrease in glycine in 

patients with coronary artery disease and atrial fi-

brillation was checked compared with patients with 

 coronary artery disease and without atrial fibrilla-

tion, p<0.05. Ten (10) moderate strength correla-

tions were revealed between plasma and platelets 

amino acids spectrum of investigated patient’s 

groups. Therefore, according to the obtained data, 

the changes in platelets and plasma amino acids 

spectrum are not congruent. But they give us in-

sight, which amino acids metabolism violation 

can lead to atrial fibrillation paroxysm formation 

in coronary artery disease patients. The obtained 

data are important for understanding the mecha-

nism of action therapeutical amino acids admin-

istration in patients with coronary artery disease 

and atrial fibrillation. Besides, these results can 

help to choose the best amino acid or its combina-

tion for investigated pathologies and comorbidi-

ties. 

The comparison of cardiomyocyte and platelet, 

plasma, and leucocyte amino acid profiles in pa-

tients with atrial fibrillation and coronary artery 

disease will be an interesting item for a deeper un-

derstanding of their pathophysiology. 
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ABSTRACT 

Background. Phthisis bulbi is a serious complication of uveitis, causing vision loss and es-

thetic defects. Hemodynamic disorders can play an important role in the formation of this com-

plication as a result of uveitis. We did not find data on predicting the progression of phthisis bulbi 

with a reduction in anterior-posterior size in the available literature. 

Aim. To analyze the possibility of predicting the reduction in the anterior-posterior size of the 

eye with uveitis, complicated by phthisis bulbi, based on hemodynamic parameters 

Materials and Methods. 33 patients aged 5–84 years, of them 19 male and 14 female patients, 

with unilateral endogenous uveitis, complicated by phthisis bulbi, were examined. 15 patients 

with uveitis complicated by phthisis bulbi, who had not received any treatment during this time, 

were examined in dynamics (for at least 1 year). All patients underwent Doppler ultrasound ex-

amination of the ophthalmic artery and short posterior ciliary arteries. In addition, all patients 

underwent biomicroscopic and tonometric examinations, ultrasound biomicroscopy, rheoophthal-

mography of eyeballs, A-scan and B-scan ultrasonography. The results of the examination of eyes 

with uveitis complicated by phthisis bulbi were compared with the results of the examination of 

paired (healthy) eyes of the same patients. 

Results. We have developed a multiple regression model that allows us to predict a reduction 

in the anterior-posterior size of the eye with phthisis bulbi due to uveitis. The dynamics of the 

disease in 15 patients not taking any treatment for uveitis, has been monitored for more than a 

year. The prediction of phthisis bulbi progression was confirmed in 13 patients, which amounts 

to 86.7% (p<0.05). 

Conclusions. We have proposed a model that allows predicting the progressive or stationary 

course of phthisis bulbi due to uveitis based on hemodynamic parameters. 

Keywords: infectious uveitis, noninfectious uveitis, phthisis bulbi hemodynamic disorders, an-

terior-posterior size of the eyeball. 

 

INTRODUCTION 

Uveitis is an inflammatory disease of the uveal 

tract, in the pathogenesis of which the leading role 

is played by immunologic disorders [1–7]. Most 

uveitis (56.0% to 86.3%) causes complications 

[8–13]. Phthisis bulbi is one such serious compli-

cation of uveitis, causing vision loss and cosmetic 

defects. 

 

 The frequency of phthisis bulbi among all eye 

diseases according to the data of the tertiary center 

is 0.4% [14], and among patients with uveitis – 

1.6% [15]. At the same time, among uveitis lea-

ding to significant visual impairment (0.1 or less) 

the frequency of phthisis bulbi is 19.0% [15]. 

Among patients blinded due to disease or in-

jury, phthisis bulbi is diagnosed in 4.0–19.0% of 

cases [16–20].  

Uveitis is the cause of 13.9–28.0% of phthisis 

bulbi [14; 15]; another 21.5–23.0% of cases are 

caused by infectious diseases [14; 15], and another 

17.0% of patients are diagnosed with sympathetic 

ophthalmia [15]. 

In general, the proportion of phthisis bulbi as 

a cause of eyeball removal according to various 
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authors ranges from 11.7% to 27.0% [21–24]. Af-

ter penetrating wounds, the proportion of phthisis 

bulbi as a cause of eyeball removal is 6.1–45.2% 

[25–27]. At the same time, according to Kaliki S. 

et al. (2019), phthisis bulbi and atrophy were an 

indication for enucleation in patients of working 

age (20–60 years) in 39.0% of cases [28]. 

The main factors in the pathogenesis of  

phthisis bulbi, according to researchers, are hypo-

tonia, blood-ophthalmic barrier disorders and in-

flammation [29]. 

Hemodynamic disorders can play an important 

role in formation of this complication as a result 

of uveitis. It has been shown that ischemia of the 

anterior segment of the eye is a factor in the de-

velopment of phthisis bulbi [30]. 

Researchers have studied the factors contri-

buting to the development of phthisis bulbi after 

penetrating wounds [25]. We did not find any data 

on predicting the progression of phthisis bulbi 

with a reduction in anterior-posterior size in the 

available literature. 

The aim of this work was to analyze the pos-

sibility of predicting the reduction in the anterior-

posterior size of the eye with uveitis, complicated 

by phthisis bulbi, based on hemodynamic pa-

rameters. 

Materials and Methods 

33 patients with unilateral endogenous uveitis, 

complicated by phthisis bulbi, of them 19 male 

and 14 female patients, aged 5–84 years were ex-

amined. 15 patients with uveitis complicated by 

phthisis bulbi, who had not received any treatment 

during this time, were examined in dynamics (for 

at least 1 year). 

All patients underwent Doppler ultrasound ex-

amination of the ophthalmic artery and short pos-

terior ciliary arteries. Using this method, the 

maximum blood flow Velocity (Vmax), mini-

mum blood flow velocity, and Resistance index 

(Ri) are determined (compared with fellow eye 

and healthy subjects). 

Becides, all of them were examined by rheo-

ophthalmography of eyeballs (using the "Reo-

Com" device). Using this method, the rheooph-

thalmography ratio, pulse volume blood flow, and 

minute volume blood flow were determined. 

The Anterior-Posterior Size (APS) of the eye-

ball was determined by A-scan ultrasonography. 

In addition, all the patients underwent biomicro-

scopic and tonometric examinations, ultrasound 

biomicroscopy, and B-scan ultrasonography. 

The results of the examination of eyes with 

uveitis complicated by phthisis bulbi were com- 

 pared with the results of the examination of paired 

(healthy) eyes of the same patients. 

Informed consent to participate in the study was 

obtained from all patients. 

Results 

We selected prognostically significant parame-

ters, which can be used to determine the progres-

sion of phthisis bulbi in patients’ eyes with uveitis. 

Statistical processing of blood flow indices du-

ring Doppler ultrasound examination of the ocular 

artery, short posterior ciliary arteries (compared to 

the paired eye) was performed, such as: 

- maximum blood flow velocity, 

- minimum blood flow velocity, 

- resistance index. 

Statistical processing of rheophthalmologic pa-

rameters of blood flow (in comparison with the 

paired eye) was also performed: 

- rheoophthalmography ratio, 

- pulse volume blood flow,  

- minute volume blood flow. 

To build a multiple regression model, it is ne-

cessary to get rid of the effect of multicollinearity, 

i.e. to remove interdependent variables from the 

list of predictors. To do this, we first analyzed the 

correlations within the list of predictors, and then 

built and examined a linear multiple regression 

model. 

According to the Pearson’s correlation matrix, 

we determined relevant correlations that charac-

terize the strong interdependence of predictors in 

the list of variables. 

The results were confirmed by considering 

Spearman’s correlations. 

After that, regression results were calculated 

for the variable "anterior-posterior size in compar-

ison with the paired eye". 

It is shown that the obtained coefficients are in-

significant, which indicates that simple linear re-

gression is not applicable to describe these param-

eters. 

Therefore, we applied a piecewise linear 

model. We used the quasi-Newtonian method of 

error minimization. The loss function was esti-

mated by the least squares method.  

Numerical test of independence of the residuals 

was performed using the Durbin-Watson test. 

Several methods were applied to the multiple 

linear regression model: Standard with simultane-

ous inclusion of all variables in the model, Back-

ward stepwise with exclusion and Forward step-

wise with inclusion. 

The presented model is the most statistically 

valid representation of the data and allows predic- 
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ting the development of anterior-posterior size 

change compared to the paired eye in uveitis. 

The most significant of the analyzed hemody-

namic parameters in progression of phthisis bulbi 

in patients with uveitis were minute volume blood 

flow, maximum blood flow velocity in the short 

posterior ciliary arteries and resistance index in 

the short posterior ciliary arteries. 

Using these data, we developed a multiple re-

gression model, which provides the possibility to 

predict the reduction in the APS of an eye with 

phthisis bulbi as a result of uveitis in comparison 

with the fellow eye. This mathematical model is 

described by the following equation: 

 

y=А+0.00354×x1+0.015×x2+4.674×x3   (1), 

 

where: 

y – is the estimated amount of reduction in the 

APS of the eye; 

A – is a constant which presented formula rep-

resents the "initial" average reduction in the APS 

of the eye with phthisis bulbi due to uveitis, in the 

group of patients examined by us. It’s equal to 

4.64; 

x1 – is the disparity between the minute volume 

blood flow of fellow and diseased eyes 

x2 – is the disparity between maximum blood 

flow velocity in the short posterior ciliary arteries 

of fellow and diseased eye; 

x3 – is the disparity between resistance index 

in the short posterior ciliary arteries of fellow and 

diseased eyes. 

The coefficient (k) represents progression of 

phthisis bulbi due to uveitis (in terms of the APS 

reduction compared to the paired eye) and is cal-

culated by formula: 

 

k=y/A                            (1), 

where: 

y – is the estimated amount of reduction in the 

APS of the eye with phthisis bulbi due to uveitis 

(determined by the formula, mentioned above); 

A – is a constant calculated from the average 

reduction in APS of the eye with phthisis bulbi 

due to uveitis in the cases under investigation 

(4.64). 

If the value of the coefficient k=2.0 or more, 

we can predict a progressive course of phthisis 

bulbi (with a reduction in the APS of the eye by 

more than 1 mm per year), and if the value of the 

coefficient k is less than 2.0, a stable course of the 

disease is predicted (with a change in the APS of 

the eye by no more than 1 mm per year). 

 The dynamics of the disease in 15 patients with 

uveitis, complicated by phthisis bulbi has been 

monitored for more than a year. The prediction of 

phthisis bulbi progression was confirmed in 13 pa-

tients, which amounts to 86.7% (p<0.05). Patients 

did not receive treatment during the observation 

period. 

The obtained data is illustrated by the following 

cases: 

Case No.1. 

A 61-year old patient was on inpatient treat-

ment in the adult ophthalmologic department of 

Kharkiv Regional Clinical Hospital with the diag-

nosis of chronic recurrent uveitis in acute stage, 

phthisis bulbi OD. His examination results: 

APS OD=20 mm, 

         OS=26 mm; 

minute volume blood flow OD=543 mm³/min,  

                                           OS=2031 mm³/min; 

Vmax in short posterior ciliary arteries  

OD=8 cm/s,  

OS=13 cm/s; 

Ri in short posterior ciliary arteries OD=0.57, 

                                                         OS=0.60. 

According to the proposed model, we calcu-

lated the reduction in APS of the eye in patient K. 

Regression equation (1): 

y=4.64+0.00354×x1+0.015×x2+4.674×x3 

y=4.64+0.00354×1488+0.015×5+4.674×0.03=

=10.12 mm 

k=10.12/4.64=2.19 

Thus, the coefficient k=2,19 and k>2, which 

predicts a progressive course of phthisis bulbi of 

the eye in the patient. 

The patient was offered a course of conserva-

tive therapy. However, due to family circum-

stances, the patient refused treatment. 

This patient was examined a year later. Mea-

surement of the eye APS was performed, and the 

following parameters were obtained: 

OD APS=16.6 mm, OS APS=26.0 mm. Thus, 

the eye with phthisis bulbi decreased in size by 3.4 

mm per year, which confirms the correctness of 

the prognosis. 

Case No.2. 

A 35-year-old patient was treated as an inpa-

tient in the adult ophthalmologic department of 

Kharkiv Regional Clinical Hospital with the diag-

nosis of chronic recurrent uveitis in the acute 

stage, phthisis bulbi OD. His examination results: 

APS OD=20.1 mm, OS=24.2 mm; 

minute volume blood flow  

OD=850.1 mm³/min,  

OS=808 mm³/min; 
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Vmax in short posterior ciliary arteries  

OD=9.9 cm/s,  

OS=14.7 cm/s; 

Ri in short posterior ciliary arteries OD=0.69, 

                                                         OS=0.69. 

According to the proposed model, we calcu-

lated the reduction in APS of the eye in patient L. 

Regression equation (1): 

y=4.64+0.00354×x1+0.015×x2+4.674×x3 

y=4.64+0.00354×(-42.1)+0.015×4.6+ 

+4.674×0=4.56 mm 

k=4.56/4.64=0.98 

Thus, the coefficient k=0.98 and k<2, which 

predicts a stationary course of phthisis bulbi of the 

eye in this patient. 

The patient was examined one year later. The 

eye APS was measured, and the following pa-

rameters were obtained: OD APS=20.0 mm, OS 

APS=24.2 mm. 

The eye with phthisis bulbi decreased only by 

0.1 mm during the year, which confirms the cor-

rectness of the prognosis. 

Discussion 

In terms of discussion of the obtained results, 

it should be noted that the pathogenetic factors of 

the occurrence of phthisis bulbi according to the 

researchers are hypotony, deranged blood-ocular 

barriers, and inflammation [29]. 

Coskun M. et al. [25], studying the factors that 

influence the development of phthisis bulbi after 

penetrating ocular wounds, concluded that the sig-

nificant factors are the anatomical localization and 

size of the wound, concomitant pathologies of the 

anterior or posterior segment of the eye, as well as 

endophthalmitis due to trauma. However, those 

results cannot be extrapolated to patients with 

uveitis. 

The development of phthisis bulbi due to se-

vere ischemia of the anterior segment of the eye 

of various etiologies described in the literature 

[30; 31] indicates an important role of hemody-

namic disorders in the pathogenesis of phthisis 

bulbi and indirectly corresponds with our results. 

In the literature, we did not find a description 

of prediction models for progression of phthisis 

bulbi due to uveitis and reduction in APS. 

Si S. et al. (2023) proposed a prognostic model 

for the development of phthisis bulbi after cos-

metic injection of hyaluronic acid [30], based on 

the determination of the severity of anterior seg-

ment ischemia. According to the authors, anterior 

 segment ischemia occurs as a complication of 

hyaluronic acid injection due to thrombosis of the 

terminal branches of the ocular artery. A prognos-

tic model [30] can predict the long-term prognosis 

and the likelihood of subsequent development of 

phthisis bulbi through several dynamic assess-

ments over a 6-month period. The authors state 

that patients with ophthalmoplegia at 1-month fol-

low-up and persistent hypotony for 6 months are 

extremely likely to develop phthisis bulbi. 

Our model allows predicting the progressive or 

stationary course of phthisis bulbi due to uveitis 

based on the ratio of minute volume blood flow, 

maximum blood flow velocity in the short poste-

rior ciliary arteries and resistance index in the 

short posterior ciliary arteries of fellow and dis-

eased eyes with the probability of correct progno-

sis 86.7%. 

Limitations 

We did not study the accuracy of the prediction 

in patients who underwent conservative treatment 

or surgical intervention. 

The mathematical model was developed on the 

basis of 33 patients and shows a fairly high fre-

quency of correct prognosis (86.7%), however, 

the constant A can be refined with an increase in 

the number of patients. 

In this way, we have developed a mathematical 

model that provides the possibility to predict the 

reduction in the anterior-posterior size of the eye 

with uveitis, complicated by phthisis bulbi. 

Conclusions 

We have proposed a model that allows predict-

ing the progressive or stationary course of phthisis 

bulbi due to uveitis based on hemodynamic pa-

rameters. 
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ABSTRACT 

Background. The article deals with the characteristics of the condition of hard tissues of per-

manent teeth in children depending on the region of residence. 

Aim. To characterize the condition of the hard tissues of the teeth in 12-year-old children 

living in different districts of Bukovyna. 

Materials & Methods. 298 12-year-old children were examined in 13 schools in Chernivtsi 

region (78 children from Vyzhnytsky district, 74 from Chernivtsi, 146 from Dnistrovsky). The 

prevalence, intensity of caries, the index of the international caries detection and evaluation sys-

tem were determined.  

Results & Conclusions. The incidence of caries in 12-year-old children was high in all re-

gions: 88.46% in Vyzhnytsia, 84.50% in Dniestr and 84.89% in Chernivtsi districts. The highest 

caries intensity values were found in children of the Vyzhnytsia District (3.39±0.21) affected 

teeth, the lowest – in the examined children of the Dniester District – (2.88±0.28). In the structure 

of the "DMF" index (Decay-Missing-Filled), the "D" component prevailed in all regions. It is 

worth noting that the extracted teeth were from 0.34% to 1.76%. In all regions, the average level 

of intensity prevailed, but the share of children with a high level was also high, from 24.32% to 

38.46%. The carious process is characterized not only by simultaneous carious lesions of different 

groups of teeth, but even several surfaces of one tooth. Half of all carious cavities (52.88%) were 

diagnosed on the chewing surface of the lateral teeth, 24.00% – on the contact surfaces of all 

groups of teeth, 14.49% – on the vestibular surface of the incisors, and 7.02% – on the oral surface 

of the lateral teeth incisors. As for the depth of the lesion, 53.56% of carious cavities were located 

on the enamel surface, 26.95% – in the thickness of the enamel, 19.47% part – within the medium-

deep layers of dentin. The high prevalence of caries in children of Bukovyna region indicates the 

need to study the regional risk factors for the development of caries. 

Keywords: children, caries, prevalence, intensity, localization of caries, depth of damage. 

 

 

INTRODUCTION 

Caries is the most common dental disease in 

children and adults [1]. In Ukraine, the incidence 

is high, but the indicators vary depending on the 

region [2–6]. After all, development of caries is 

influenced by various factors, including climatic 

and geographical conditions. We conducted epi-

demiological studies in 13 schools of different dis-

tricts of Chernivtsi region. This nosology is diag-

nosed in 84.89% of 12-year-old children. We 

 

 noted that the frequency of carious lesions in child-

ren changed not only with age, but also depending 

on the location. The need to develop and carry out 

regionally adapted preventive measures in order to 

increase the resistance of enamel leads to the need 

to study the characteristics of the state of the hard 

tissues of teeth in children of different age groups, 

compare the dynamics and determine the factors 

that contribute to the development of caries. 

The aim of the study was to characterize the 

condition of the hard tissues of the teeth in 12-

year-old children living in different districts of 

Bukovyna.  

Materials and Methods 

To achieve the goal of the study, we examined 

298 children aged 12 in 13 schools in the Buko-

vyna region. The following groups were selected:  
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1 – 78 children in Vyzhnytsia, 2 – 74 children in 

Chernivtsi, and 3 – 146 children in Dnister dist-

ricts. The prevalence, intensity of caries of tempo-

rary teeth, level of intensity, index of the Interna-

tional Caries Detection and Assessment System – 

The International Caries Detection and Assess-

ment System (ICDAS1-6) in different regions of 

Bukovyna were analyzed. The prevalence of ca-

ries was estimated by the number of children af-

fected by caries, as a percentage of the total num-

ber of examined. The interpretation of the results 

was carried out according to the WHO nomencla-

ture, where the value from 0% to 30% is consi-

dered as low prevalence, from 31% to 80 % – me-

dium, from 81% to 100% – high prevalence of 

dental caries. The intensity of caries of permanent 

teeth was assessed in each child according to the 

"DMF" index, where "D" is a tooth affected by 

caries, "F" is a sealed tooth, and "M" is a tooth 

removed due to caries complications. For this age 

group, WHO (WHO EURO, 1999) recommends 

evaluating the level of "DMF" according to the 

following criteria: (0–0.50) – very low; (0.51–

1.50) – low; (1.51–3.00) – average; (3.01–6.50) is 

high and (6.51–10.00) is very high. Dental caries 

was assessed according to the International Caries 

Definition and Assessment System – ICDAS. The 

ICDAS II (1–6) criteria were used to compare 

caries incidence rates [4; 7]. 

The degree of probability of the obtained re-

sults was statistically evaluated in the case of nor-

mality of the distribution of both samples using 

the Student-Fisher test, in other cases – the U-

Wilkson test for independent samples and the T-

Wilkson test for dependent samples. 

Results and Discussion 

The largest number of caries lesions of perma-

nent teeth (88.46%) is in Vyzhnytsia district, the 

least (84.50%) – in Dnister (Fig.). 

 We noted an increase in the values of the struc-

tural elements of the intensity index in children 

with age, namely the "D" component in 12-year-

olds increased to (1.96±0.39) and the "F" compo-

nent to (1.05±0.37) (Table 1). The ratio between 

these indicators remains the same as in the previ-

ous age period – the predominance of the number 

of carious teeth over filled ones. However, their 

share varies depending on the region: 53.98% of 

carious teeth and 44.24% filled teeth in Vyzhnyt–

sia district, respectively 74.31% and 25.35% in 

Dnister and 66.55% and 32.06% in Chernivtsi dis-

tricts. 

As for component "D", on average, in children 

of this age, its value is (1.93±0.30) of cariously 

affected teeth. Among them, the largest number 

(3.00±0.46), p˂0.05 – in boys from the Dnistrov-

sky district, the smallest (1.30±0.30) – in girls 

from the same region. The number of fillings was 

the highest among residents of Vyzhnytsia district 

(1.72±0.32), particularly among boys from this re-

gion; the lowest (0.54±0.16) among boys of the 

Dnistrovsky district. 

A demonstrative indicator of the quality of den-

tal care for children is component "M" in the DMF 

formula. As you know, according to the WHO rec-

ommendations, children and adolescents under 

the age of 18 should not have their permanent 

teeth removed. In our study, the average number 

of extracted teeth in examined 12-year-old chil-

dren was 0.03±0.03. The most of them are in the 

residents of Vyzhnytsky district (0.06±0.02), p˂ 

˂0.05, the smallest (0.01±0.01), p˂0.05 – in Dniestr. 

In the share of the DMF index, extracted teeth in 

Vyzhnytsia district accounted for 1.76%, in Dnis-

ter – 0.34%, and in Chernivtsi – 1.03%. 

In Chernivtsi and Dnister districts, the level of 

caries intensity is average, and in Vyzhnytsia it is 

high. The structure of caries incidence indicates 

 

 

Fig. Prevalence of caries of permanent teeth in children aged 12,  

depending on the area of residence 
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Table 1. The structure of caries intensity of permanent teeth in 12-year-old children 

 

 

Notes. *** – the difference between the boys' indicators is significant (p˂0.05); ** – the difference between 

the indicators of girls, probable (p˂0.05); * – the difference between the total indicators of girls and boys is 

significant (p˂0.05). 

 

 

that the share of children with a low level of inten-

sity is the lowest and ranges from 10.25% in 

Vyzhnytsia district to 19.86% in Chernivtsi. The 

average level was characterized by a slight differ-

ence between the indicators in the regions from 

39.04% to 40.54%. The largest number of children 

with a high level of intensity was observed in 

Vyzhnytsia district (38.46%), in other regions it is 

less: 24.32% in Dnister and 26.02% in Chernivtsi. 

72.73% of all cavities are located on the first mo-

lars. Then on second molars (7.72% of cases), se-

cond premolars (5.62%), central incisors (5.51%), 

first premolars (4.21%) and lateral incisors 

(3.86%). The rarest carious lesions were diag-

nosed on canines (0.35%). 

Caries on the lower jaw was diagnosed more 

often (in 55.38% of cases) (Table 2). The structure 

of the affected teeth was dominated by the first 

molars: lower – in 43.32% of children and upper – 

in 29.15%. Caries of hard tissues was detected in 

upper first premolars and lower second molars 

with the same frequency (16.39% each). 

Regarding the rest of the teeth: lateral incisors, 

lower premolars, upper and lower second molars, 

even canines were cariously affected and their 

share was low, less than 5%. In the presence of 

chronic foci of carious infection of teeth, newly 

erupted premolars, second molars are subject to 

 faster damage due to weakly mineralized and im-

mature enamel. 

For children of this age, as well as for 6-year-

olds, a combined lesion of several groups of teeth 

is characteristic. The general trends in the struc-

ture of damaged teeth were preserved depending 

on the region of residence. 

Half of all carious cavities (52.88%) were diag-

nosed on the chewing surface of molars and pre-

molars, a quarter – on the contact surfaces of all 

groups of teeth: 16.08% – on the medial and 

9.51% – on the distal. Further, lesions were de-

tected in 14.49% of cases on the vestibular sur-

face, mostly incisors, and in 7.02% – on the oral 

surface of lateral incisors (blind pits were af-

fected). It is worth noting that in children of this 

age we observed damage to two or three surfaces 

within one tooth. Such cases were less than 10% 

and were observed mainly in the inhabitants of the 

mountainous region. 

In general, trends in the location of cavities 

were maintained, and differences were still found 

in different regions of the region. In particular, in 

the Vyzhnytsia district, 65.39% of cavities were 

located on chewing surfaces, a fifth – on contact 

surfaces, the rest less than 10% each: vestibular 

(8.35%) and oral (4.94%). In the Dniester region, 

a third (34.07%) is fissural caries, almost the same  

 

District / indicator DMF D M F 

V
y

zh
n

y
ts

ia
 

boys (n=29) 3.75±0.41 1.93±0.30 1.72±0.32 0.10±0.05 

girls (n=49) 2.93±0.23 1.77±0.24 1.36±0.20 0.04±0.02 

total (n=78) 3.39±0.21 1.83±0.19 1.50±0.17 0.06±0.02 

D
n

is
te

r 
 boys (n=38) 3.57±0.48 3.00±0.46*** 0.54±0.16 0.02±0.02*** 

girls (n=36) 2.22±0.28** 1.30±0.30 0.91±0.17 – 

total (n=74) 2.88±0.28* 2.14±0.29 0.73±0.12 0.01±0.01* 

C
h

er
n

iv
ts

i 
 

boys (n=60) 2.50±0.28*** 1.56±0.25 0.88±0.17 0.05±0.03 

girls (n=86) 3.18±0.23 2.18±0.20 0.97±0.14 0.02±0.01 

total (n=146) 2.90±0.18 1.93±0.15 0.93±0.11 0.03±0.01 
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Table 2. Structure of the location of carious cavities on different surfaces 

of permanent teeth in 12-year-old children 

 

Surfaces 

Vyzhnytsia district 

(n=78) 

Dnister district 

(n=74) 

Chernivtsi district 

(n=146) 
Total 

abs. % abs. % abs. % abs. % 

medial 27 10.26 34 18.99 81 18.36 142 16.08 

distal 29 11.02 26 14.52 29 6.57 84 9.51 

vestibular 22 8.36 44 24.58 62 14.05 128 14.49 

oral 13 4.94 14 7.82 35 7.93 62 7.02 

occlusal 172 65.39 61 34.07 234 53.06 467 52.88 

 

 

share is caries of contact surfaces (33.51%),  

a quarter (24.58%) is the vestibular surface, and 

less than 10% is the oral surface. In children of the 

Chernivtsi region, the location of the cavities cor-

responded to the average values of this age period. 

We obtained slight differences in the localiza-

tion of cavities between regions, but we associate 

such results with the rapid damage of immature 

enamel in newly erupted teeth and the lack of 

timely treatment and prevention measures. 

In 12-year-old children, 53.56% of carious 

cavities in permanent teeth were located on the 

enamel surface (code 1–2), 26.95% – in the thick-

ness of the enamel (code 3), 19.47% – within the 

mantle layer (code 4–5) and pulpal dentin (code 6) 

(Table 3). 

 of the examined, the medium-deep layers of den-

tin were affected (codes 4–6). 

For children of Chernivtsi district, the results 

are the same as in the previous region and corre-

spond to the average values. 

Conclusions 

Therefore, the analysis of the results of the ex-

amination of children made it possible to reveal 

a high level of prevalence and intensity of dental 

caries according to the WHO criteria and an insuf-

ficient level of providing dental care to children 

under 12 years of age. The obtained data indicate 

that children of this age need timely and high-

quality treatment and preventive measures, and 

actually measures with a predominance of preven-

tion should be carried out for children of the pre- 

 

 

Table 3. Analysis of carious lesions of temporary teeth in 12-year-old children 

according to the ICDAS II 1–6 index 

 

Code 

Vyzhnytsia district 

(n=78) 

Dnister district 

(n=74) 

Chernivtsi district 

(n=146) 
Total 

abs. % abs. % abs. % abs. % 

1–2 119 45.24 116 64.80 238 53.96 473 53.56 

3 69 26.23 32 17.87 137 31.06 238 26.95 

4–5 37 14.06 17 9.49 24 5.44 78 8.83 

6 38 14.44 14 7.82 42 9.52 94 10.64 

 

 

45.24% of children living in the Vyzhnytsia 

district were diagnosed with initial caries (code 1–

2), 26.23% with superficial caries (code 3), and 

14.06% with medium caries (4–5). In 14.44%, a 

deep dentin lesion was detected (code 6).  

As for the Dnister district, two thirds of children 

have enamel damage (codes 1–3): in 64.80% – 

the stage of the stain and in 17.87% – a defect in 

the thickness of the enamel. And only in 14.96% 

 vious age period, since the incidence increased by 

52.56% in Vyzhnytsia, 77.51% in Dnister and 

71.31% in Chernivtsi districts. 
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ABSTRACT 

Background. COVID-19 is a leading disease in terms of prevalence (more than 100 million 

cases) and mortality (more than 10.0%). Most often, COVID-19 is accompanied by hemostatic 

disorders (manifestations of COVID-19-associated coagulopathy) and blood coagulation. 

Aim. To determine the levels of correlation between clinical and laboratory characteristics of 

hemostatic and coagulation disorders (according to the characteristics of ThromboElastoGraphy, 

TEG) in patients with COVID-19 infection. 

Materials and Methods. The study was performed at the Department of Infectious and Pedi-

atric Infectious Diseases, Parasitology, Phthisiology and Pulmonology of Kharkiv National Med-

ical University in accordance with the existing recommendations of bioethical norms and rules. 

All patients signed an informed consent. 179 patients with COVID-19 were examined. The levels 

of correlation between laboratory and instrumental characteristics were determined using 

Spearman's rank correlation coefficient. The probability of differences was determined using the 

Mann-Whitney U-test. 

Results & Conclusions. According to the results of the study, significant direct and inverse 

correlations were found. The identified correlations determined the possible interaction between 

TEG parameters and the characteristics of the systemic inflammatory response. The obtained re-

sults play a significant role for patients with COVID-19, because they can predict shifts in in-

flammatory systemic response parameters, which characterize the severity of the disease, based 

on the characteristics of TEG. The interrelationships of hemostatic and coagulation system disor-

ders have been reliably determined by the presence of significant correlations between the 

characteristics of the inflammatory systemic response of patients with COVID-19 and TEG val-

ues. The obtained significant correlations were mostly weak, but there were also interdependen-

cies of medium strength. In particular, Interleukin-6 and some other indicators on days 5–6 after 

hospitalization. 

Keywords: thromboelastography, TEG, coagulation system disorders. 

 

 

Introduction 

Since the end of 2019, COVID-19 has become 

a major threat in a relatively short period of time, 

taking a leading position in terms of prevalence 

and mortality [1–10]. Scientists estimate the mor-

tality rate from COVID-19 to be more than 10.0% 

[4]. Severe acute respiratory syndrome caused by 

coronavirus type 2 has infected more than 100 mil- 
 

 lion people and caused the death of more than 2.5 

million infected patients. 

Among the significant variety of clinical symp-

toms, an extremely high level of hemocoagulation 

disorders and thromboembolic complications is 

particularly noteworthy. Based on the clinical and 

laboratory characteristics of hemostatic disorders 

(increased fibrinogen levels, mild or moderate 

thrombocytopenia, and significant increase in D-

Dimer levels), they were identified as a separate 

type – COVID-19 associated coagulopathy [11]. 

Hypercoagulability in patients with COVID-

19 has been widely confirmed, which is detected 

in at least 20% of infected patients [12], according 

to other reports, the rate reaches 55% [13]. Acti-

vation of the body's inflammatory reactions signi- 
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ficantly increases the production of proinflamma-

tory cytokines that stimulate coagulopathic 

changes [1; 13]. A significant proportion of pa-

tients with COVID-19 have coagulation disorders 

that can develop into disseminated intravascular 

coagulation or thrombotic microangiopathies [2]. 

Ahmed S. et al. [7] emphasize the high incidence 

of thrombosis, both arterial (myocardial infarc-

tion, stroke, etc.) and venous (pulmonary embo-

lism, deep vein thrombosis, etc.). In moderate-to-

severe COVID-19, coagulopathies are detected in 

almost all patients, which is a significant factor in 

in mortality [12]. At the same time, a sharp impact 

on the body's coagulation homeostasis is a trigger 

for the development of coagulopathy of exhaus-

tion [1]. 

In addition, the development of sepsis-induced 

coagulopathy and disseminated intravascular co-

agulation has been identified in patients with 

COVID-19 [1]. These pathological conditions are 

the result of a complex interaction of cytokine  

storm and coagulopathy [7]. Changes in the coag-

ulation system in patients with COVID-19 are de-

scribed as COVID-19-associated coagulopathy [11], 

which has significant mortality rates [2], although 

the SARS-CoV-2 virus does not have a procoagu-

lant effect on its own [1]. It is believed that 

changes in the coagulation system are due to an 

intense inflammatory response in these patients [1]. 

In recent years, ThromboElastoGraphy (TEG) 

has been used quite successfully to determine the 

existing disorders of the blood coagulation sys-

tem, which determines the viscoelastic properties 

of the thrombus and identifies the degree and se-

verity of such disorders [14]. 

Thus, given the high prevalence of coagulation 

disorders in patients with COVID-19 with the de-

velopment of severe COVID-19-associated coagu-

lopathies, determining the correlation levels of in-

terdependencies between clinical and laboratory 

characteristics of hemostatic disorders and TEG 

parameters is of clinical relevance. 

The aim of the study was to determine the lev-

els of correlation between clinical and laboratory 

characteristics of hemostatic disorders and throm-

boelastographic parameters in patients with corona-

virus infection. 

 

Materials and Methods 

The study was conducted at the Department of 

Infectious and Pediatric Infectious Diseases, Para-

sitology, Phthisiology and Pulmonology of Khar-

kiv National Medical University and at the Munic-

ipal Non-Profit Enterprise "Kharkiv Regional In- 

 fectious Diseases Hospital" of Kharkiv Regional 

Council in 2020–2024. 

179 patients (96 men (53.63%) and 83 women 

(46.37%)) with COVID-19 aged 20–88 years (aver-

age age [58.75±13.82] years) were examined. The 

study was conducted in accordance with current in-

ternational and national recommendations on bio-

ethical norms and rules for research involving hu-

man subjects. All patients signed an informed con-

sent. 

COVID-19 was diagnosed using Enzyme-Lin-

ked ImmunoSorbent Assay (ELISA) and Poly-

merase Chain Reaction (PCR) in accordance with 

existing international and national recommenda-

tions. In addition to ELISA and PCR, all patients 

were examined using: 

- biochemical blood tests (determination of in-

terleukin-6 (IL-6), D-dimers, ProCalciTonin (PCT) 

and C-Reactive Protein (CRP) by conventional 

methods); 

- TEG results (determination of the levels of 

Maximum Rate of Thrombus Formation (MRTG), 

Time to reach the Maximum Rate of Thrombus 

Generation (TMRTG), total Thrombus Genera-

tion (TG), Maximum Rate of Lysis (MRL), Time 

to Maximal Lysis Rate (TMRL), total Lysis (L36), 

Reaction time (R), clot formation time (K), a-An-

gle, Maximum Amplitude (MA), maximum am-

plitude time (PMA), maximum clot elasticity (G), 

clot density immediately (A) and After 30 (A30) 

min and After 60 (A60) min, Coagulation Index 

(CI), degree of amplitude reduction after 30 min 

(LY30) and 60 min (LY60), estimated value of 

LY30 (EPL), degree of area reduction after 30 

(CL30) min and 60 (CL60) min time of A decrease 

by 2 mm (CLT), clot formation rate (TPI), maxi-

mum A (TMA), maximum Elasticity (E), time of 

formation of the first fibrin filaments (SP) and cal-

culated CLT after 30 seconds (LTE)). 

Statistical calculations of the results were per-

formed using IBM SPSS 25.0 for Windows 

(USA). The levels of correlation were determined 

using Spearman's rank correlation coefficient (ρ). 

If it was in the range from 0 to -1.0, the correlation 

was considered inverse; if it was from 0 to 1.0, it 

was considered direct. Value ρ from 0 to 0.3 (from 

0 to -0.3) was considered as a weak connection be-

tween the studied features; from 0.4 to 0.7 (from -0.4 

to -0.7) – as moderate; and from 0.7 to 1.0 (from 

-0.7 to -1.0) – as high strength. The result was pre-

sented in the form of a ρ coefficient and the corre-

sponding level of confidence p. 

The probability of differences in the obtained 

features was determined using the Mann-Whitney  
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U-test. The threshold value of the statistical sig-

nificance of the calculated traits was taken as 0.05 

(p=0.05). 

Results and Discussion 

According to the correlation analysis of TEG 

indicators and characteristics of the inflammatory 

 systemic response of the examined patients with 

COVID-19 infection (IL-6, quantitative values of 

D-Dimer, PCT, CRP), we identified significant 

correlations (both direct and inverse), which indi-

cated the possibility of interdependencies between 

them (Table). 

 

 

Table. Correlation matrix of IL-6, D-Dimer, CRP, PCT and TEG parameters of patients  

with acute respiratory failure obtained at hospitalization and on day 5–7 (5–6) 

 

Indices 

IL
-6

 (
h

o
sp

it
al

iz
at

io
n

),
 p

g
/m

l 

IL
-6

 (
5

–
7

 d
ay

s)
 p

g
/m

l 

D
-D

im
er

 (
h

o
sp

it
al

iz
at

io
n

),
 

F
E

U
, 

n
g

/m
l 

D
-D

im
er

 (
5

–
6

 d
ay

s)
, 
F

E
U

, 

n
g

/m
l 

C
R

P
 (

h
o

sp
it

al
iz

at
io

n
),

 m
g

/l
 

C
R

P
 (

5
–

6
 d

ay
s)

, 
m

g
/l

 

P
C

T
 (

h
o

sp
it

al
iz

at
io

n
),

 n
g

/m
l 

P
C

T
 (

5
–

7
 d

ay
s)

, 
n

g
/m

l 

1 2 3 4 5 6 7 8 9 

MRTG, 

mm/min 

ρ 0.042 0.120 0.062 0.025 0.118 0.119 -0.054 -0.033 

р 0.573 0.110 0.413 0.744 0.117 0.112 0.469 0.665 

TMRTG, 

min 

ρ -0.162* -0.175** -0.181** -0.232** -0.343*** -0.312** -0.012 -0.039 

р 0.030 0.019 0.016 0.002 0.000 0.000 0.872 0.605 

TG, 

mm/min 

ρ 0.100 0.173* -0.116 -0.185** -0.130 -0.015 -0.092 -0.036 

р 0.184 0.021 0.123 0.013 0.084 0.843 0.220 0.634 

MRL, 

mm/min 

ρ -0.085 -0.129 -0.012 0.011 0.096 0.030 0.058 0.126 

р 0.259 0.084 0.868 0.880 0.201 0.692 0.439 0.093 

TMRL, min 
ρ -0.044 -0.034 -0.242*** -0.291*** -0.307*** -0.231** -0.115 -0.180** 

р 0.562 0.651 0.001 0.000 0.000 0.002 0.125 0.016 

L36, 

mm/min 

ρ -0.020 -0.132 0.045 0.100 0.134 0.031 0.055 0.068 

р 0.788 0.079 0.547 0.183 0.074 0.677 0.465 0.363 

R, min 
ρ -0.030 -0.074 -0.190** -0.312*** -0.258*** -0.177** -0.029 -0.102 

р 0.689 0.327 0.011 0.000 0.000 0.017 0.696 0.175 

K, min 
ρ -0.049 -0.106 -0.023 0.062 -0.157* -0.190** -0.024 -0.059 

р 0.517 0.160 0.765 0.409 0.036 0.011 0.751 0.433 

А-Angle, ° 
ρ 0.117 0.156* -0.001 -0.067 0.155* 0.191** -0.044 0.071 

р 0.120 0.038 0.985 0.369 0.038 0.011 0.556 0.347 

MA, min 
ρ -0.001 0.125 -0.191** -0.184** -0.065 -0.053 -0.083 -0.088 

р 0.985 0.095 0.010 0.014 0.385 0.483 0.267 0.241 

PMA 
ρ -0.192** -0.159* 0.161* 0.152* -0.043 0.015 0.054 0.109 

р 0.010 0.033 0.031 0.042 0.565 0.844 0.473 0.146 

G, d/sc 
ρ 0.057 0.139 -0.226** -0.239*** -0.083 0.030 -0.052 -0.080 

р 0.447 0.063 0.002 0.001 0.268 0.687 0.493 0.286 

EPL, % 
ρ -0.190** -0.269*** 0.207** 0.268*** 0.177** 0.116 0.067 0.130 

р 0.011 0.000 0.005 0.000 0.018 0.122 0.374 0.083 

A, mm 
ρ 0.157* 0.308*** -0.147* -0.164* -0.164* 0.007 -0.105 -0.122 

р 0.035 0.000 0.049 0.028 0.028 0.931 0.164 0.103 

CI 
ρ 0.013 0.128 -0.108 -0.099 -0.056 0.042 -0.019 0.017 

р 0.867 0.089 0.152 0.187 0.456 0.581 0.799 0.823 

LY30, % 
ρ -0.134 -0.239*** 0.106 0.150* 0.145 -0.011 0.053 0.038 

р 0.075 0.001 0.159 0.045 0.053 0.880 0.485 0.614 

A30, mm 
ρ 0.031 0.176** -0.218** -0.197** -0.200** -0.121 -0.112 -0.101 

р 0.678 0.018 0.003 0.008 0.007 0.107 0.136 0.179 
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Continuation of Table 

1 2 3 4 5 6 7 8 9 

CL30, % 
ρ 0.118 0.189** -0.193** -0.191** -0.167* -0.054 -0.133 -0.069 

р 0.115 0.011 0.009 0.010 0.025 0.476 0.077 0.356 

A60, mm 
ρ 0.050 0.099 -0.111 -0.110 0.008 -0.089 0.018 0.026 

р 0.504 0.187 0.140 0.143 0.914 0.235 0.812 0.727 

CL60, % 
ρ 0.058 0.105 -0.219** -0.211** -0.153* -0.155* -0.070 -0.067 

р 0.444 0.160 0.003 0.005 0.041 0.038 0.355 0.376 

LY60, % 
ρ -0.128 -0.152* -0.040 -0.029 0.057 -0.008 -0.037 -0.149* 

р 0.087 0.042 0.600 0.703 0.449 0.914 0.626 0.046 

CLT, min 
ρ 0.014 -0.064 -0.284*** -0.197** -0.148* -0.118 -0.165* -0.171* 

р 0.850 0.395 0.000 0.008 0.048 0.116 0.027 0.022 

TPI, sec 
ρ 0.093 0.205** -0.007 -0.047 -0.002 0.187** -0.023 0.079 

р 0.215 0.006 0.928 0.530 0.977 0.012 0.757 0.291 

TMA, min 
ρ 0.071 0.094 -0.198** -0.125 -0.182** -0.114 -0.069 -0.120 

р 0.345 0.211 0.008 0.097 0.015 0.128 0.361 0.108 

E, d/sc 
ρ 0.026 0.167* 0.062 0.030 0.098 0.136 0.017 0.030 

р 0.727 0.025 0.413 0.687 0.191 0.069 0.820 0.687 

SP, min 
ρ -0.067 -0.048 -0.126 -0.215** -0.230** -0.126 -0.099 -0.104 

р 0.374 0.522 0.092 0.004 0.002 0.094 0.189 0.165 

LTE, min 
ρ 0.125 0.087 -0.065 0.000 -0.101 -0.021 -0.102 -0.232** 

р 0.095 0.248 0.387 0.996 0.177 0.779 0.175 0.002 

 

Notes: probability of differences * – р≤0.05; ** – р≤0.01; *** – р≤0.001; L36 – total Lysis; R – Reaction time; K – clot 

formation time; PMA – maximum amplitude time; G – maximum clot elasticity; A – clot density immediately; A30 – 

clot density After 30 min; A60 – clot density After 60 min; LY30 – degree of amplitude reduction after 30 min; LY60 – 

degree of amplitude reduction after 60 min; EPL – estimated value of LY30; CL30 – degree of area reduction after 30 

min; CL60 – degree of area reduction after 60 min; CLT – time of A decrease by 2 mm; TPI – clot formation rate; TMA – 

maximum A; E – maximum Elasticity; SP – time of formation of the first fibrin filaments; LTE – calculated CLT after 

30 seconds. 

 

 

In the analysis of correlation relationships, di-

rect and inverse significant correlations were iden-

tified, which determined the possible interaction 

between TEG parameters and characteristics of 

the inflammatory systemic response. The identi-

fied interdependencies play a significant role for 

patients with COVID-19, as they can predict shifts 

in inflammatory systemic response parameters 

(IL-6, D-dimers, CRP), which characterize the se-

verity of the disease, based on the characteristics 

of TEG. So, there were significant direct correla-

tions between IL-6 levels (obtained during hospi-

talization) and TEG values, which indicated a pos-

sible increase in IL-6 with an increase in A values 

(ρ=0.157; p=0.035) and the opposite (a decrease 

in IL-6 levels was noted) with an increase in 

TMRTG (ρ=-0.162; p=0.030), PMA (ρ=-0.192; 

p=0.010) and EPL (ρ=-0.190; p=0.011). It should 

be noted that the correlations obtained in all cases 

were of a weak nature. 

When determining the correlation relation-

ships between the IL-6 values of patients with 

COVID-19 infection obtained on days 5–7 after 

 hospitalization, a greater number of existing sig-

nificant relationships were noted. Thus, there were 

direct interdependencies of weak strength, indicat-

ing the possibility of increasing the quantitative 

levels of IL-6 with an increase in TG (ρ=0,173, 

p=0.021), A-Angle (ρ=0.156, p=0.038), A (ρ= 

=0.308, p=0.000), A30 (ρ=0.176, p=0.018), CL30 

(ρ=0.189, p=0.011), TPI (ρ=0.205, p=0.006) and 

E (ρ=0.167, p=0.025). In turn, inverse weak cor-

relations were also identified, which stated a pos-

sible increase in IL-6 in patients with COVID-19 

infection with an increase in the following TEG 

values: TMRTG (ρ=-0.175, p=0.019), PMA (ρ= 

=-0.159, p=0.033), EPL (ρ=-0.269, p=0.000) and 

LY30 (ρ=-0.239, p=0.001) and LY60 (ρ=-0.152, 

p=0.042). 

Correlations were determined for D-Dimer of 

patients with COVID-19 obtained during hospital-

ization and on day 5–6. Thus, we found probable 

weak correlation effects that determined possible 

increases in the levels of D-Dimers obtained dur-

ing hospitalization: direct, with an increase in the 

values of PMA (ρ=0.161, p=0.031) and EPL (ρ= 
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=0.207, p=0.005), and inverse - with a decrease in 

the values of A (ρ=-0.147, p=0.049), A30 (ρ=-

0.218, p=0.003), CL30 (ρ=-0,193, p=0.009), 

CL60 (ρ=-0.219, p=0.003), CLT (ρ=-0.284, p= 

=0.000), TMA (ρ=-0.198, p=0.008), TMRTG (ρ= 

=-0.181, p=0.016), TMRL (ρ=-0.242, p=0.001), 

R (ρ=-0.190, p=0.011) and MA (ρ=-0.191, p= 

=0.010) and G (ρ=-0.226, p=0.002). 

In addition, we found significant correlations 

for the quantitative levels of D-dimers in patients 

with COVID-19 obtained on days 5–6 after hospi-

talization. We identified the available direct prob-

able weak correlations, which indicated a reliable 

possibility of increasing the levels of D-Dimers 

with an increase in PMA (ρ=0.152, p=0.042), EPL 

(ρ=0.268, p=0.000) and LY30 (ρ=0.150, p=0.045) 

and vice versa, that determined the increase of D-

dimers with a decrease in the values of TMRTG 

(ρ=-0.232, p=0.002), TG (ρ=-0.185, p=0.013), 

TMRL (ρ=-0.291, p=0.000), R (medium strength, 

ρ=-0.312, p=0,000), MA (ρ=-0.184, p=0.014), G 

(ρ=-0.239, p=0.001), A (ρ=-0.164, p=0.028), A30 

(ρ=-0.197, p=0.008), CL30 (ρ=-0.191, p=0.010), 

CL60 (ρ=-0.211, p=0.005) and CLT (ρ=-0.197, 

p=0.008) and SP (ρ=-0.215, p=0.004). 

It should be noted that the correlation relation-

ships for CRP and TEG in patients with COVID-

19 showed a similar trend. Thus, CRP values ob-

tained during hospitalization showed significant 

direct weak correlations, which indicated a possible 

increase in its levels with an increase in A-Angle 

(ρ=0.155, p=0.038) and EPL (ρ=0.177, p=0.018). 

At the same time, inverse (mostly weak) interde-

pendencies were also identified, which deter-

mined the possibility of increasing CRP levels 

with a decrease in TMRTG (medium strength, ρ= 

=-0.343, p=0.000), TMRL (medium strength, ρ= 

=-0.307, p=0.000), R (ρ=-0.258, p=0.000), K (ρ= 

=-0.157, p=0.036), A (ρ=-0.164, p=0.028), A30 

levels (ρ=-0.200, p=0.007), CL30 (ρ=-0.167, 

p=0.025), CL60 (ρ=-0.153, p=0.041), CLT (ρ= 

=-0.148, p=0.048) and TMA (ρ=-0.182, p=0.015) 

and SP (ρ=-0.230, p=0.002). 

For the CRP values of patients with COVID-

19 infection obtained on day 5-6 after hospitaliza-

tion, we determined mainly unreliable correlations 

of low strength. Thus, there were significant di-

rect, mostly weak interdependencies that deter-

mined the possibility of increasing CRP levels 

with an increase in A-Angle (ρ=0.191, p=0.011) 

and TPI (ρ=0.187, p=0.012) and inverse, indicat-

ing a possible increase in CRP in patients with 

COVID-19 with a decrease in TMRTG values 

(medium strength, ρ=-0.312, p=0.000), TMRL 

 (ρ=-0.231, p=0.002), R (ρ=-0.177, p=0.017) and 

K (ρ=-0.190, p=0.011) and CL60 (ρ=-0.155, p= 

=0.038). 

A similar trend was identified in relation to the 

correlations between PCT parameters of patients 

with COVID-19 obtained on days 5–7 after hospi-

talization and TEG characteristics. Thus, the pre-

sence of probable weak inverse correlations was 

noted only for TMRL (ρ=-0.180, p=0.016), LY60 

(ρ=-0.149, p=0.046), CLT (ρ=-0.171, p=0.022) 

and LTE (ρ=-0.232, p=0.002), which determined 

possible increases in quantitative PCT levels with 

a decrease in these TEG values. 

Our conclusions regarding the relationship be-

tween clinical and laboratory characteristics of he-

mostatic disorders (manifestations of COVID-19-

associated coagulopathy) and coagulation disor-

ders (determined by TEG) are fully consistent 

with other global studies. Thus, the meta-analysis 

conducted by Coomes Е.А. et al [15] identified 

significant positive correlations between IL-6 lev-

els and bilateral lung damage and maximum body 

temperature: ρ=0.45 (p=0.001) and ρ=0.52 (p= 

=0.001), respectively. They determined that in-

creased dysregulation of the immune response to 

an antigen is a leading element in the development 

of target organ damage and subsequent mortality 

[15]. An increase in the cytokine response in pa-

tients with COVID-19 and acute respiratory dis-

tress syndrome, accompanied by a significant pre-

dominance of IL-6, is an integral part of the path-

ogenesis and dysregulation of the immune re-

sponse [15]. 

Other studies have shown that along with dif-

fuse alveolar lesions, patients with COVID-19 are 

diagnosed with fibrin thrombi [3]. Studies have 

shown a 9-fold higher incidence of alveolar-capil-

lary microthrombosis in patients with COVID-19 

compared to patients with influenza [6]. At the 

same time, fibrin-rich microthrombosis of the 

small pulmonary vasculature is detected in almost 

80–100% of cases [6]. In addition to elevated lev-

els of D-dimers, they may have skin manifesta-

tions on the extremities as a clinical sign of micro-

vascular thrombosis [3]. Thus, plasma levels of D-

Dimers are considered as a direct prognostic 

marker of COVID-19: the levels of this fibrin deg-

radation product are significantly increased in pa-

tients with severe COVID-19 [6; 13]. 

Conclusions 

Based on the study, the interrelationships of 

hemostatic and coagulation disorders were relia-

bly determined by the presence of significant cor-

relations (mostly of low strength) between the  
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characteristics of the inflammatory systemic re-

sponse of patients with COVID-19 and thrombo-

elastographic values. 

DECLARATIONS: 

Disclosure Statement 

The authors have no potential conflicts of in-

terest to disclosure, including specific financial in-

terests, relationships, and/or affiliations relevant 

to the subject matter or materials included. 

 Data Transparency 

The data can be requested from the authors. 

Statement of Ethics 

The authors have no ethical conflicts to dis-

closure. 

Funding Sources 

There are no external sources of funding. 

Consent for publication 

All authors give their consent to publication. 

 

References 

1. Connors JM, Levy JH. COVID-19 and its implications for thrombosis and anticoagulation. Blood. 

2020;135(23):2033-40. DOI: 10.1182/blood.2020006000. PMID: 32339221. 

2. Levi M, Thachil J, Iba T, Levy JH. Coagulation abnormalities and thrombosis in patients with COVID-

19. Lancet Haematol. 2020;7(6):e438-40. DOI: 10.1016/S2352-3026(20)30145-9. PMID: 32407672. 

3. Ackermann M, Verleden SE, Kuehnel M, Haverich A, Welte T, Laenger F et al. Pulmonary Vascular 

Endothelialitis, Thrombosis, and Angiogenesis in COVID-19. N Engl J Med. 2020;383(2):120-8. DOI: 

10.1056/NEJMoa2015432. PMID: 32437596. 

4. Miesbach W, Makris M. COVID-19: Coagulopathy, Risk of Thrombosis, and the Rationale for Antico-

agulation. Clin Appl Thromb Hemost. 2020;26:1076029620938149. DOI: 10.1177/1076029620938149. 

PMID: 32677459. 

5. Al-Ani F, Chehade S, Lazo-Langner A. Thrombosis risk associated with COVID-19 infection. A scoping 

review. Thromb Res. 2020;192:152-60. DOI: 10.1016/j.thromres.2020.05.039. PMID: 32485418. 

6. McFadyen JD, Stevens H, Peter K. The Emerging Threat of (Micro)Thrombosis in COVID-19 and Its 

Therapeutic Implications. Circ Res. 2020;127(4):571-87. DOI: 10.1161/CIRCRESAHA.120.317447. PMID: 

32586214. 

7. Ahmed S, Zimba O, Gasparyan AY. Thrombosis in Coronavirus disease 2019 (COVID-19) through the 

prism of Virchow's triad. Clin Rheumatol. 2020;39(9):2529-43. DOI: 10.1007/s10067-020-05275-1. PMID: 

32654082. 

8. Schulman S. Coronavirus Disease 2019, Prothrombotic Factors, and Venous Thromboembolism. Semin 

Thromb Hemost. 2020;46(7):772-6. DOI: 10.1055/s-0040-1710337. PMID: 32392613. 

9. Violi F, Pastori D, Cangemi R, Pignatelli P, Loffredo L. Hypercoagulation and Antithrombotic Treatment 

in Coronavirus 2019: A New Challenge. Thromb Haemost. 2020;120(6):949-56. DOI: 10.1055/s-0040-

1710317. PMID: 32349133. 

10. Zhou Y, Yang Q, Chi J, Dong B, Lv W, Shen L, Wang Y. Comorbidities and the risk of severe or fatal 

outcomes associated with coronavirus disease 2019: A systematic review and meta-analysis. Int J Infect Dis. 

2020;99:47-56. DOI: 10.1016/j.ijid.2020.07.029. PMID: 32721533. 

11. McBane RD 2nd, Torres Roldan VD, Niven AS, Pruthi RK, Franco PM, Linderbaum JA. Anticoagula-

tion in COVID-19: A Systematic Review, Meta-analysis, and Rapid Guidance from Mayo Clinic. Mayo Clin 

Proc. 2020;95(11):2467-86. DOI: 10.1016/j.mayocp.2020.08.030. PMID: 33153635. 

12. Chekkal M, Deba T, Hadjali S, Lamara H, Oulaa H, Zouai K, Hariti G. Prevention and treatment of 

COVID-19-associated hypercoagulability: Recommendations of the Algerian society of transfusion and he-

mobiology. Transfus Clin Biol. 2020;27(4):203-6. DOI: 10.1016/j.tracli.2020.09.004. PMID: 33022374. 

13. Franchini M, Marano G, Cruciani M, Mengoli C, Pati I, Masiello F. COVID-19-associated coagulopa-

thy. Diagnosis (Berl). 2020;7(4):357-63. DOI: 10.1515/dx-2020-0078. PMID: 32683333. 

14. Brown W, Lunati M, Maceroli M, Ernst A, Staley C, Johnson R, Schenker M. Ability of Thromboelas-

tography to Detect Hypercoagulability: A Systematic Review and Meta-Analysis. J Orthop Trauma. 

2020;34(6):278-86. DOI: 10.1097/BOT.0000000000001714. PMID: 31815829. 

15. Coomes EA, Haghbayan H. Interleukin-6 in COVID-19: A systematic review and meta-analysis. Rev 

Med Virol. 2020;30(6):1-9. DOI: 10.1002/rmv.2141. PMID: 32845568. 
 

Received: 02 Feb 2024 

Accepted: 31 Mar 2024 



INFECTIOUS DISEASES 

 

 

INTER COLLEGAS, Vol. 11, No.1 (2024) 44 ISSN 2409-9988 
 

Cite in Vancouver style as: Andrusovych IV. Correlations between clinical, laboratory and instrumental characteristics 

of patients with COVID-19 infection. Inter Collegas. 2024;11(1):38-44. https://doi.org/10.35339/ic.11.1.aiv 

 

Archived: https://doi.org/10.5281/zenodo.12582880 

 

Creative Commons license (BY-NC-SA) Andrusovych I.V., 2024 

https://doi.org/10.35339/ic.11.1.aiv
https://doi.org/10.5281/zenodo.12582880


EPIDEMIOLOGY & PUBLIC HEALTH  

 

 

INTER COLLEGAS, Vol. 11, No.1 (2024) 45 ISSN 2409-9988 
 

THE PREVENTIVE DIRECTION OF MODERN THEORIES OF HEALTH  

AND HEALTH-SAVING IN PUBLIC HEALTH AND EDUCATION 
 

Shevchenko A.S.1, Shevchenko V.V.2, Brown G.W.3 

 
1Kharkiv Regional Institute of Public Health Services, Kharkiv, Ukraine 

2National Technical University "Kharkiv Polytechnic Institute", Kharkiv, Ukraine 
3International Public Health Institute, Berlin, Germany 

 

https://doi.org/10.35339/ic.11.1.ssb  

 

ABSTRACT 

Background. The modern understanding of health is related to the need to prevent diseases 

caused by infections, lifestyle, environmental and genetic factors. Ukrainian legislation guaran-

tees health care, but the practice of implementing laws is imperfect. The teaching of valeological 

disciplines in educational institutions is of great importance for the prevention of diseases. But 

the content of these disciplines requires constant revision from the point of view of evidence-

based medicine, and the creation of new preventive programs requires theoretical justification. 

Aim. To determine the content and practical significance of the modern understanding of 

health care in public health care and education. 

Materials and Methods. Methods of bibliosemantic and system analysis were used. 

Results. The theory of health and health-saving is considered using cross-cultural, discursive, 

norm-centric, phenomenological, holistic, axiological and integral approaches, from the perspec-

tive of evidence-based and "4P" medicine. Health-saving is shown as derived from a healthy life-

style and valeological competence formed in the population. The best environment for the for-

mation of a healthy lifestyle is shown to be an educational environment, the tools of formation 

are valeological disciplines and education of medical and social non-government organizations. 

The need for joint efforts of the population and medical workers to achieve better results in the 

prevention of socially significant diseases is determined. 

Conclusions. Improvement of the preventive direction of valeological education is closely 

related to the competence approach, in particular, with the formation of valeological competence. 

The public health system should use the potential of educational valeological programs to form 

a healthy lifestyle in new generations during their studies at higher education institutions. For the 

formation of high-quality valeological programs, a permanent partnership of educators and med-

ical professionals is necessary. 

Keywords: valeological competence, evidence-based medicine, 4P medicine, Health Pedagogy. 

 

 

Introduction 

The need for health-saving is generally recog-

nized by Ukrainian society and the state. Health 

care is guaranteed by the Constitution, regulated 

by the law of Ukraine "Fundamentals of the Le-

gislation of Ukraine on Health Care" [1], provided 

by targeted national and regional programs in 

health care and social protection fields. The state 

guarantees regarding health care relate primarily 
 

 to sanitary and epidemiological well-being, orga-

nization of conditions for diagnosis, treatment and 

prevention of diseases based on modern scientific 

methods [2, Art. 3, 27, 49, 50], however, the pre-

ventive direction of health-saving in Ukraine is 

implemented to a large extent due to the teaching 

of valeological disciplines in educational institu-

tions and medical (sanitary) training. 

Health is a personal and social value [3]. Its 

preservation and restoration depend on 50% of 

a person's lifestyle, 20% on the influence of envi-

ronmental factors, 20% on heredity, and another 

10% on the state of the health care system [4]. 

Thus, prevention of diseases has a greater impact 

on health care than their treatment. 
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An important component of health is well-be-

ing, which the WHO appeals to in its definition of 

health [5]. To some extent, this well-being is cha-

racterized by satisfaction with one's own life, so-

cial adaptability and resistance to psychosocial 

stress, which is the basis for a wide professional 

discussion about mental adaptation and maladap-

tation. Psychological and sociocultural ideas 

about health are actually reduced to three models: 

ancient (which is based on internal consistency), 

adaptation (in which the individual is adapted to 

the natural and social environment), and anthro-

pocentric (in which all-round self-realization and 

the disclosure of the creative potential of the indi-

vidual are important) [6]. All of them describe nu-

merous mechanisms of health preservation (for 

example, options for social and psychological ad-

aptation to excessive stress), but do not take into 

account modern medical approaches (for exam-

ple, evidence-based medicine [7]). But the pre-

ventive direction of medicine needs further theo-

retical investigation and scientific substantiation 

in order to improve its practical implementation. 

The aim of the study is to determine the con-

tent and practical significance of the modern un-

derstanding of health-saving in public health and 

education. 

Materials and Methods 

The bibliosemantic method (using PubMed 

and Google Scholar materials) and the system 

analysis method (using the methodology of  

Golubkov E.P. [8]) were used for the investiga-

tion. The system analysis method involves a se-

quence in the research: setting the problem, con-

ducting the research, analyzing the results, prelimi-

nary judgment, confirmation or refutation, final 

judgment, implementation of the decision. The 

feedback to determine success in achieving the 

aim, with opportunities to adjust conclusions and 

additional research also used. 

Results and Discussion 

In academic psychology, cross-cultural, dis-

cursive, norm-centric, phenomenological, holis-

tic, axiological, and integral approaches are used 

to study health [9–11]. A cross-cultural approach 

allows us to identify national influences on per-

ceptions of normal health. The discursive ap-

proach illuminates the logic of constructing ideas 

about health, considers different health systems 

and individual health practices. Within the holistic 

approach, natural and scientific principles of anal-

ysis are complemented by humanitarian ones. The 

axiological approach consists in treating health as 

a universal human value. In the practice of valeo- 

 logical education, a competency-based approach 

is used, the driving force of which is the transfor-

mation of knowledge into skills, and skills into ac-

tive, motivated actions. The latter are the key to 

health. Among such actions, key positions are oc-

cupied by giving up bad habits, rational nutrition, 

sufficient physical activity, rational regime of  

work and rest, avoidance of injuries, environmen-

tal, radiological and toxicological risks, coopera-

tion with the medical system (vaccination of in-

fectious diseases, timely treatment of detected dis-

eases, participation in screening examinations, for 

example, annual fluorography, etc.), psychohy-

giene (maintaining emotional balance), safe sex 

[12–16]. The population's understanding of these 

issues depends on the quality of valeological edu-

cation, which takes into account the current trends 

in the development of health theory and focuses 

on its paradigms. 

The transformation paradigm of modern medi-

cine consists in the transition from a reactive 

model of health care work to a preventive one. 

This is the so-called "4P medicine" model (Predic-

tive, Personalized, Preventive and Participatory 

medicine). "Participatory" means "involved in 

achieving a common result." Its practical imple-

mentation requires the participation of the patient 

himself [17]. The participation of the patient im-

plies responsibility for maintaining one's own 

physical and mental health, and medicine per-

forms only a service function [18]. Within the 

framework of the "4P medicine" model, effective 

prevention of diseases requires partnership be-

tween doctors and the population, commitment of 

citizens to a healthy lifestyle, readiness for valeo-

logical education and self-education. The forma-

tion of readiness for a healthy lifestyle should 

begin in childhood, but the conviction to practice 

only safe behavior patterns and to minimize all 

possible disease risk factors is finally formed at 

the age of 16–20 years [19–21], that is, at the age 

of the majority of higher education graduates in 

Ukraine. 

Disease prevention in Ukraine is carried out at 

the international, national, regional, population, 

group and individual levels [22]. At the interna-

tional level, events are held within the framework 

of world days of support for patients with various 

diseases, days of remembrance of those who died 

from various diseases, etc. At the national and re-

gional levels, programs are being implemented to 

overcome various diseases (respectively), their 

consequences, promotion and organization of  

mass physical culture and sports, rational nutri- 
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tion, giving up chemical addictions, eliminating 

the consequences of environmental disasters,  

man-made disasters, etc. Mass media, medical  

workers, politicians, public figures, professional 

medical and social public organizations and doc-

tors systematically engaged in sanitary education 

(for example, Dr. Komarovsky E.O. [23]) partici-

pate in prevention. We specify some mechanisms 

of preventive work. 

According to a number of researchers [24–26], 

medical and social non-government organizati-

ons, unfortunately, cannot cover all students with 

preventive work, but with systematic work with 

individual student groups, they are able to form 

valeological competence at a high level. Educa-

tors are trying to transfer the content of their edu-

cational work to the educational programs of vale-

ological disciplines ("Valeology", "Fundamentals 

of Life Safety", "Health Pedagogy", "Fundamen-

tals of Medical Knowledge and Health-Saving", 

etc.) [27]. It is advisable to train students of higher 

non-medical education in these disciplines after 

studying the supporting disciplines "Human Bio-

logy", "Anatomy", "Physiology" and "Hygiene", 

as indicated by the authors of the training pro-

grams of the relevant disciplines [28; 29]. 

Personal communication between the doctor 

and patient is effective for individual disease pre-

vention. But doctors usually communicate with 

citizens who have diseases, so they act within the 

scope of secondary and tertiary prevention of dis-

eases, aimed at preventing their complications and 

relapses, at the transition of diseases into chronic 

stages. At the same time, the optimal environment 

for the systemic primary prevention of diseases 

and the formation of commitment to a healthy life-

style is educational [30], which in turn should be 

safe for those seeking education. In order to create 

a healthy educational environment, special atten-

tion should be paid to the issues of physical safety 

of learning and stress reduction [31]. 

The State Service of Education Quality of 

Ukraine recommends that the organizers of the ed-

ucational process in martial law conditions give 

preference to distance learning, and in classrooms 

to arrange the educational space more safely (re-

move open shelves, stands that may fall during 

shelling; remove things that will interfere with 

quick evacuation from premises), study evacua-

tion routes, location of storage facilities, conduct 

evacuation drills, periodically repeat safety brief-

ings and evacuation drills. It is necessary to mon-

itor more carefully the signs of distress and pro-

fessional burnout of participants in the educational 

 process. Psychological trainings, support groups 

and individual consultations of psychologists, 

emotion management techniques (self-training) 

are forms of psychological assistance that allow 

students to overcome the stress of wartime. Tea-

chers are recommended to pay more attention to 

conflict resolution; prevention of bullying; de-

velopment of empathy and communication skills 

of participants in the educational process; setting 

up the collective of education seekers and teachers 

to provide greater support to forcibly displaced 

persons, persons with disabilities, persons who 

have survived the stress of war; to teach methods 

of rescuing victims and providing emergency first 

aid [32]. 

Given the greater risk of injury in wartime con-

ditions, prompt and effective emergency care is 

both health-saving and life-saving. For training in 

emergency care in non-medical higher education 

institutions, it is advisable to involve practicing 

doctors and students of higher medical education 

in senior years. Especially those who study and 

work in practical health care at the same time [33]. 

It is worth noting that before graduation, a gradu-

ate of higher education medical institution is al-

ready sufficiently motivated to engage in preven-

tion, understanding the advantages of prevention 

over the treatment of a disease that has already de-

veloped [34]. But the interaction of non-medical 

higher education institutions of Ukraine with the 

health care system for the construction of health 

care education is not systematic, it is based on 

volunteer models. The higher education system 

does not order educational services from repre-

sentatives of the health care system. The main 

achievement of the episodic interaction is actions 

dedicated to a healthy lifestyle and prevention of 

certain diseases, which medical non-governments 

organizations conduct in higher education institu-

tions, as well as individual attempts to create va-

leological disciplines with the participation of 

medical professionals. 

Valeological disciplines for students of higher 

non-medical education also consider the health-

saving educational process from the point of view 

of ensuring the physical safety of learning and re-

ducing the level of stress of participants in the ed-

ucational process [35]. Physical safety includes is-

sues of ergonomics, microclimate and room light-

ing, safety of physical culture and sports as part of 

the educational process, safety of work in educa-

tional and production workshops, with electrical 

equipment, chemicals, etc. Stress is often seen as 

a manageable risk factor for the development of  
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hypertension, peptic ulcer disease, obesity, myo-

cardial infarctions, cerebral strokes, and other dis-

eases that can affect students. Diseases with con-

trolled and conditionally controlled risk factors 

are the main objects of preventive interventions 

and sanitary education [36; 37]. Stress is caused 

by overload during education, high competitive-

ness in the educational environment, and conflicts 

between students [38]. 

Educational programs of higher education stu-

dents of Ukraine and other countries of the world, 

according to a number of researchers [39; 40], we-

re compiled without proper calculation of a ratio-

nal academic load, which causes chronic stress, 

against the background of which the risk factors 

of diseases are more easily realized negatively, exis-

ting diseases are aggravated or go to the chronic 

stage. 

Excessive requirements regarding the number 

of program competencies in the higher education 

standards contribute to the information overload 

of the students. The discussion about the need to 

reduce the number of such competencies has been 

going on for two decades. But, in our opinion, the 

list of competencies in the standards of higher 

non-medical education cannot be shortened at the 

expense of valeological competence [41]. Howe-

ver, the content of this competence should be sep-

arated from issues of spiritual development, which 

can be discussed within other disciplines. When 

studying valeological disciplines ("Health Peda-

gogy", "Fundamentals of Medical Knowledge and 

Health-Saving", etc.), it is important to discuss 

only certain issues of psychology, ecology, moral 

and ethical norms (when discussing abortions, 

contraception, euthanasia, rights and responsibili-

ties of patients, relationships with doctors, other 

higher education students, family members, disa-

bled people, respect for family, religious and cul-

tural food traditions, etc.). But the transfer of em-

phasis from medical issues to moral, ethical and 

spiritual issues while simultaneously ignoring the 

issues of physiology, pathology, and the possibil-

ities of prevention harms the formation of valeo-

logical competence and optimal understanding of 

the principles of a healthy lifestyle. The inclusion 

of pseudo-scientific data about the "undeniable 

benefit" of folk medicine methods into the pro-

gram causes even more damage; naturopathy; ho-

meopathy; the advantages of Eastern medicine 

over European medicine; refusing vaccinations not 

because of medical reasons, but because of personal 

convictions; home births; practices of "hungry", 

vegan diets; hardening methods, etc. [42–44]. 

 The inclusion of some issues in the programs of 

valeological disciplines and the refusal to discuss 

others is the right of the authors of such disci-

plines, but it is advisable to check the formed pro-

grams for compliance with the recommendations 

of leading international organizations. For exam-

ple, "Characteristics of an Effective Health Edu-

cation Curriculum" of the USA Center for Disease 

Control and Prevention (CDC) [44]. According to 

the developers of these recommendations, an ef-

fective educational program should be aimed at 

achieving behavioral results, without overloading 

with scientific facts. In addition, according to the 

CDC’s experts, it is necessary to practice health 

care skills in order to teach a healthy lifestyle; the 

formation of personal values and beliefs that sup-

port healthy behavior, which corresponds to our 

ideas about the components of valeological com-

petence [12]. The best health-saving curricula go 

beyond the cognitive level and consider determi-

nants of health, risk factors for diseases, social 

opinions, values, norms of behavior, customs that 

affect health, build educational strategies on theo-

retical approaches (for example, on the theory of 

social cognition by Berger P. & Lukman T. [45]), 

are aimed at a long-term result. Meanwhile, health 

care values should promote protective behavior 

and negative perception of risky behavior, rein-

force positive beliefs of a healthy lifestyle based 

on the principle of feedback using critical think-

ing, and help confidently overcome social pres-

sure. An effective curriculum should take into ac-

count the needs and interests of learners, levels of 

development and emotional maturity, experience, 

knowledge and skill levels, provide tools for eve-

ryday life, cover topics in a logical sequence; 

should not contain culturally biased information, 

but provide examples of various cultures, cus-

toms, traditions, ways of life, take into account 

cultural diversity, teach intercultural interaction; 

if possible, rely on the cultural resources of fami-

lies and communities. An effective curriculum de-

votes sufficient time to both key health concepts 

and practical skills. Changing behavior requires 

systematic and long-term training, is based on pre-

viously learned concepts and skills, and takes into 

account age determinants. An effective curricu-

lum connects learners with influencers promoting 

health and successful learning strategies. 

This understanding of health-saving programs 

demonstrates a close connection with competen-

cies, the list of which contains both scientific pub-

lications and some national education standards 

[46–48], according to which a healthy lifestyle is 



EPIDEMIOLOGY & PUBLIC HEALTH  

 

 

INTER COLLEGAS, Vol. 11, No.1 (2024) 49 ISSN 2409-9988 
 

associated with the absence of harmful habits, pro-

tective behavior, prevention of known health risks. 

 

Conclusions 

Our findings suggest that the improvement of 

the preventive direction of valeological education 

is closely connected with the competence ap-

proach, in particular, with the formation of valeo-

logical competence. The public health system 

should use the potential of educational valeologi-

cal programs to form a healthy lifestyle in new 

generations during their studies at higher educa-

tion institutions. For the formation of high-quality 

valeological programs, a permanent partnership of 

educators and medical professionals is necessary. 
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ABSTRACT 

Today, Great Britain has one of the best hospice care systems for palliative patients in the 

world, which leads to interest in the path of building a Hospice and Palliative Care (НPC) system 

in this country. The hospice care system is mainly financed by the volunteer sector, which indi-

cates a significant development of the state-society partnership in the organization of НPC. The 

national НPC system consists of inpatient care, day palliative care, care in the community and 

emergency hospitals. 2004–2008 is considered the key moment in the formation of the country's 

НPC system, which will be the focus of this study. For specialist palliative care, the Nat ional 

Health Service of Great Britain allocated almost £50 million a year in those days until 2004. At 

the same time, volunteer support was about 4 times greater. More than 220 volunteer support 

groups for palliative patients operated in the country. The success of building a national НPC 

system is described in the Palliative Care White Paper. A number of interrelated national pro-

grams may be used as a standard of palliative care in 20 years by many other countries. The 

development of the НPC system has influenced the British homes for the elderly, the system of 

primary care, the attitude to the НPC problem of doctors, local communities and society as 

a whole, increased the quality and availability of palliative care. Palliative care since those years 

has been provided 24/7, managed by coordination centers located outside medical facilities and 

hospices. High national НPC standards and mechanisms for monitoring their compliance have 

been created. Narcotic analgesia for palliative patients with chronic pain, the necessary medical, 

psychological, social and spiritual care is mostly available. The public debates the question of 

a dignified death without restrictions. The value for money of НPC is recognized by British soci-

ety as acceptable. Therefore, studying the British experience of НPC organization as one of the 

"best practices" is useful for other countries with less developed НPC systems. 

Keywords: "best practices", place of death, palliative care quality standards . 

 

 

INTRODUCTION 

Great Britain is one of the countries in which 

Hospice and Palliative Care (НPC) is organized at 

a high level, which allows us to consider the or-

ganization of this type of medical and social care 

in this country as one of the "best practices" and 

makes it a subject of study in the health care or-

ganization [1]. The main needs of palliative pa-

tients in Great Britain are the same as in other 

countries [2], but the approaches to their satisfac-

tion have an original meaning and history. 

 

 The country's hospice care system is mainly fi-

nanced by the volunteer sector, which indicates 

a significant development of the state-society 

partnership in the organization of НPC. The na-

tional НPC system consists of inpatient care, day 

palliative care, community care and acute care 

hospitals. The period of 2004–2008 is considered 

the key moment in the formation of the country's 

НPC system, which will be the focus of this study. 

During this period of development of the НPC 

system, national programs were launched in the 

country, which changed approaches to the organi-

zation of this type of care, increased the coverage 

of palliative patients of various age groups, ex-

panded the list of palliative diagnoses, influenced 

the attitude to palliative care of the government, 

communities and the whole society. 

For specialist palliative care, the National  

Health Service (NHS) of Great Britain allocated 
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almost £50 million a year in those days until 2004. 

At the same time, volunteer support was about 4 

times greater. More than 220 volunteer support 

groups for palliative patients operated in the coun-

try [3]. The success of the development of the na-

tional НPC system is described in the Documents 

of the Council of Europe and the "White Book of 

Palliative Care" (2003–2010) [4–6]. 

The purpose of the study was to determine the 

problems of building a national system of pallia-

tive and hospice care in Great Britain for 40 years 

(1964–2004) and ways to overcome them. 

Materials and Methods 

The bibliographic, historical and systematic 

analysis methods were used in the research. 

Results and Discussion 

Of the half a million people who died each 

year, nearly two-thirds were over 75. 99.0% of the 

dead were adults aged 18 and over. 58.0% of 

deaths occurred in NHS hospitals; 18.0% of these 

patients died at home; 17.0% – in homes for the 

elderly; 4.0% – in hospices; and 3.0% – else-

where. The distribution of deaths by place of death 

depended on region, age, and primary palliative 

diagnosis. For example, hospital mortality ranged 

from 52.7% in the South West to 64.7% in Lon-

don, and hospice mortality ranged from 2.5% in 

the North West to 5.9% in the South East. The 

highest home mortality occurred among young 

(15–44 years) and middle-aged (45–64 years), the 

highest mortality in hospitals – among children 

(under 14 years) and the elderly (75–84 years), the 

highest mortality in hospices – for middle-aged 

people (45–64 years old). Patients with palliative 

oncological and respiratory diagnoses mostly died 

in hospitals (up to 50.0% and 67.0% of the total 

number of deaths, respectively). At the same time, 

the main causes of death were chronic diseases of 

the heart and respiratory tract, cancer, stroke, neu-

rological diseases and dementia. If we compare 

this picture with the situation in 1900, then the ma-

jority (85.0%) of people died at home, and the 

main causes of death were infections. In addition, 

many more deaths occurred in childhood. 

In 1950, only about 50.0% of people died at 

home. At the beginning of the twenty-first cen-

tury, hospitals became the most common place of 

death. Subsequently, the problem of death and dy-

ing began to be discussed more often and openly 

in public, which contributed to the development of 

the system of care for dying patients. The im-

provement of her work was aimed at creating con-

ditions for dying with dignity, without pain, sur-

rounded by loved ones, with the choice to be at  

 home, in a hospital or in a nursing home. Care for 

the dying among other vulnerable categories has 

become an indicator of the development of the 

health care and social assistance system. Gradu-

ally, the difference in attitude towards those who 

were dying (their age, gender, ethnic origin, reli-

gious beliefs, disability, sexual orientation, diag-

nosis, socio-economic deprivation, etc.) decrea-

sed. "Voluntary hospices" emerged (e.g. St Christo-

pher's Hospice, founded in 1967 by Cecil Saunders). 

The UK NHS Palliative Care Program (2004–

2007) was the impetus for the development of 

other programs, including the Gold Standards 

Framework (GSF) [7], the Liverpool Care Path-

way for the Dying Patient (LCP) [8] and Preferred 

Priorities for Care (PPC) [9; 10], Delivering 

Choice programs [11], etc. The NHS Palliative 

Care Program (2004–2007) included identifica-

tion of people nearing the end of life, assessment 

of their needs, patient care and support for carers 

in the last years/days of life and after death. Ac-

cording to the results of its assessment, partner-

ships between communities and local authorities 

(interaction with schools, religious groups, funeral 

homes, homes for the elderly, hospices, medical 

and social non-government organizations, em-

ployers), local Departments of Health with the Na-

tional Council were improved on issues of pallia-

tive care. It was possible to draw society's atten-

tion to the problems of treatment at the end of life, 

to change the attitude towards death and dying in 

society. 

The programs took into account the difference 

in the needs of palliative patients depending on the 

region of residence and diagnosis. A lot of atten-

tion was paid to the conclusion of contracts and 

monitoring of the provision of medical and social 

services, training of personnel (on the issue of 

identifying palliative patients, determining the 

scope of optimal care, communication skills with 

patients and their relatives, care, emergency assis-

tance (temporary life saving)), coordination of re-

sources, creation regional registers of people ap-

proaching the end of life. At that time, the Marie 

Curie Cancer Care Delivering Choice Program 

was considered a good example of a centralized 

coordination mechanism of efforts [12]. The pro-

gram demonstrated options for end-of-life choice, 

rapid access to 24/7 care, including hospices, 

nursing homes, assisted living facilities. 

The development of the GSF, PPC and LCP 

programs had a synergistic effect: the experience 

of working with patients of one profile often 

spread to other categories. For example, an impor- 
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tant result of the LCP program was the transfer of 

models developed initially for palliative cancer 

patients to palliative patients with other diseases. 

The principle of choosing the place of end of life, 

introduced by the programs, is an established 

practice of the UK health care system [13]. 

The development of educational programs for 

relatives of palliative patients took into account 

the fact that for many children, close friends and 

informal caregivers, preparing a relative for death 

was the first and quite traumatic experience in life. 

At the same time, the relatives of the palliative pa-

tient had not only to adapt to the situation them-

selves, but also to provide effective practical and 

emotional support to the dying person. 

The education and continuous professional de-

velopment of medical and social workers working 

with palliative patients included the provision of 

the necessary knowledge and skills in caring for 

seriously ill patients. Depending on the frequency 

of providing palliative care services to patients (on 

a permanent basis, often or occasionally), the 

"Skills for Care" and "Skills for Health" training 

programs of the Academy of Medical Royal Col-

leges [14] contained various competencies. 

Numerical measurable indicators, necessary 

for ongoing monitoring of their implementation, 

were laid down in the programs. Some of these in-

dicators were determined by self-assessment. 

Measurability has been useful to health and social 

workers, program managers, politicians, the me-

dia, and society. It was used to create standards for 

the quality of treatment and care, calculate the 

need for personnel and finance services. To eva-

luate the results of the programs, data from na-

tional statistics on the dead, data from surveys of 

relatives of the deceased, and their complaints 

were also used. 

Calculating funding has always been a difficult 

task, given the uncertainty of when palliative care 

will begin for many critically ill patients. Funding 

was calculated for hospitalizations, maintenance 

of hospices and specialized palliative care servi-

ces, community nursing services, nursing homes. 

Spending was measured in billions of pounds, but 

there was an understanding that the efficiency of 

using these funds could be increased. Part of the 

costs of palliative care remained unaccounted for: 

costs of other government departments (for exam-

ple, for disability), costs of unpaid carers, etc. 

Since the beginning of financing the programs, ex-

penditures have gradually increased. For example, 

£88 million was spent on palliative care from the 

state budget in 2009–2010, and £198 million in 

 2010–2011. But the quality and coverage of pa-

tients with help did not always increase propor-

tionally. Optimizing the "costs/(quality+covera-

ge)" ratio was associated with a reduction in the 

number of hospitalizations and the length of hos-

pital stay while simultaneously increasing the 

standards of care. Naturally, as a result of such 

a policy, the number of deaths at home increased 

with stable total costs. Costs included 24/7 home 

care, administrative services of focal points, am-

bulance transport costs for home care. Attention to 

the problem of palliative care has increased the 

contributions of communities and philanthropists 

to nursing homes and community hospitals, and 

improved educational programs for staff, patients 

and their relatives. 

The end-of-life care strategy for patients and 

their carers included the possibility of profes-

sional consultations. Each professional service 

knew its priorities and took into account the pref-

erences of patients and their relatives where pos-

sible. Coordinated care and support followed the 

principles of the Gold Standards Framework 

(www.goldstandardsframework.nhs.uk). Coordi-

nation centers were established outside medical 

institutions and professional organizations that 

provided palliative care services to patients and 

their relatives. Patient registries increased the 

chances of responsiveness to patient preferences 

by service providers. 24-hour helplines have made 

access to home care services faster. The creation 

of specialized palliative care services allowed to 

raise the standards of care. Relatives and carers of 

palliative patients were given the opportunity to 

stay in hospitals together with patients. 

Services were provided in accordance with 

quality standards, compliance with which was 

constantly monitored. The opinions and evalua-

tions of the quality of services of relatives and 

caregivers of palliative patients based on the suc-

cessful program "Views of Informal Carers – Eva-

luation of Services (VOICES) program" were also 

taken into account [15; 16]. Best practices were 

analyzed by a national team of experts and dis-

seminated. 

Great Britain considered the lack of open dis-

cussion of death and dying to be a problem in its 

society. Older people did not often discuss their 

own dying care preferences with close relatives or 

friends, so it was difficult to determine the extent 

to which their wishes were met. Health and social 

care staff often found it difficult to start a discus-

sion with people about the fact that they were ap-

proaching the end of life. And by clinicians, death  
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was often viewed as a professional failure. In or-

der to change this situation, it was important to re-

alize that only frank and timely discussion will al-

low identifying needs and planning care, improv-

ing coordination of services, allowing conscious 

choice of place of death (home, hospital, nursing 

home, hospice, etc.), providing care and support 

24/7, not to carry out unnecessary hospitaliza-

tions, train medical and social workers to provide 

professional care, and, in fact, ensure maximum 

comfort, the necessary support of caregivers, re-

duce suffering and prepare a dignified death. It be-

came clear that such training has a significant im-

pact on the condition of carers. 

The extent of the problems of inadequate or-

ganization of medical care for palliative patients 

throughout their improvement helped to assess the 

survey and analysis of complaints. Thus, in 2004–

2006, the NHS analyzed more than 16,000 com-

plaints. 54% of them were related to end-of-life 

care. Most of these complaints were related to 

poor communication, lack of basic comfort, viola-

tions of privacy, insufficient psychological care, 

late referral or lack of referral to specialized palli-

ative care, inadequate invasive procedures before 

death. Relatives often said that they, and not the 

doctors, were the first to notice that the patient was 

dying. Inappropriate invasive procedures were of-

ten used even in the dying phase. The commission 

examined in detail and published 50 typical cases 

that demonstrated the main aspects of the prob-

lem. 

The shortcomings of the existing system were 

eliminated step by step thanks to the performance 

of a number of tasks: 

- increasing public awareness of НPC prob-

lems, broad discussion of death and dying, prefer-

ences of palliative patients regarding the place of 

death, analgesia and other types of symptomatic 

treatment, care and support; 

- a dignified and respectful attitude towards the 

dying; 

- provision of medical and psychological assis-

tance, social and spiritual support; 

- coordination of palliative care for its quick 

start and continuity; 

- assistance to relatives providing care (their 

training and psychological rehabilitation after the 

death of the patient); 

- special education for medical and social 

workers; 

- implementation of palliative care quality 

standards and monitoring of their compliance; 

 

 - equal treatment of all patients, regardless of 

their religious and ethnic affiliation, social status; 

- state and community support of hospices and 

homes for the elderly; 

- objective control of cost and quality indicators 

of the НPC system; 

- inclusion of НPC issues in medical reform 

programs; 

- decentralization of financing and decision-

making regarding the work of local institutions of 

the НPC system; 

- preferential taxation; 

- bringing services closer to patients by in-

creasing the network of institutions that provide 

НPC. 

 

Conclusions 

The UK has had a long and difficult 60-year 

journey to a successful НPC system. Since the 

2000s, palliative care has been provided on a 24/7 

basis, managed by coordination centers located 

outside of hospitals and hospices. High national 

НPC standards and mechanisms for monitoring 

their compliance have been created. Narcotic an-

algesia for palliative patients with chronic pain, 

the necessary medical, psychological, social and 

spiritual care is mostly available. The public de-

bates the question of a dignified death without re-

strictions. The value for money in НPC is recog-

nized by British society as acceptable. Therefore, 

studying the British experience of НPC organiza-

tion as one of the "best practices" is useful for 

other countries with less developed НPC systems, 

in particular, Ukraine. Taking into account the ex-

perience of Great Britain in the development of 

the national HPC can significantly improve the 

quality of management decisions in this area. 
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ABSTRACT 

Background. Treatment of chronic pain in adults and children is regulated by the national 

standard of Ukraine, which recommends adherence to the choice of painkillers in accordance with 

the WHO three-step protocol. But the treatment standard does not detail the use of painkillers 

according to nosological units. 

Aim. To determine the need for different types of analgesia in palliative patients depending 

on the main palliative diagnosis. 

Materials and Methods. System analysis, aggregation and bibliosemantic methods were 

used. The list of palliative diagnoses was determined when studying the need and forecasting the 

need for palliative and hospice care according to the methodology of the Ukrainian Center for 

Social Data (2019), improved by us in 2021–2024. 

Results and Conclusions. The conducted research made it possible to determine the pre-

dominant types of pain, their possible intensity and corresponding groups of pharmaceutical drugs 

with an analgesic effect in the units from the list of palliative diseases proposed by us. Neuropathic 

pain is mainly present in diabetes (diabetic polyneuropathy) and phenylketonuria. Predominantly 

nociceptive pain is present in cardiovascular diseases of palliative stages, tuberculosis, rheuma-

toid arthritis, cystic fibrosis and chronic hepatitis in children. Predominantly mixed (nociceptive 

and neuropathic types of pain at the same time) characteristic of HIV/AIDS, epilepsy, dementia, 

multiple sclerosis, fibrosis and cirrhosis of the liver, chronic obstructive pulmonary disease, pal-

liative stage kidney disease in adults, cerebral palsy, inflammatory diseases of the central nervous 

system and mucopolysaccharidoses in children. We proposed to clarify the national standard for 

treatment of chronic pain in adults and children, and to define the necessary non-steroidal anti-

inflammatory drugs, non-narcotic analgesics, weak and strong opioids, anticonvulsants, antide-

pressants, and other adjuvants with an analgesic effect. The perspective of further studies is to 

detail the dosage of drugs with an analgesic effect and to calculate the need at the national level 

for reimbursement under the "Affordable Medicines" program. 

Keywords: neuropathic pain, nociceptive pain, analgesics, opioids, reimbursement.  

 

 

INTRODUCTION 

The Ministry of Health of Ukraine includes 

malignant stage 3–4 neoplasms, HIV/AIDS, con-

genital malformations, cardiovascular, respirato-

ry, neurological, atrophic-degenerative diseases, 

and post-traumatic conditions that cannot be cured 

by modern available drugs in the list of palliative 

 

 diseases [1]. The need for Palliative and Hospice 

Care (PHC) is growing: 1.5 million Ukrainians 

need it immediately before the end of life, and 

about 600,000 in the last year of life. Unfortu-

nately, the list of palliative diseases according to 

such a number of patients is not detailed by the 

Ministry of Health of Ukraine. In 2023, only 

130,000 people received palliative care in Ukraine 

(11.5–46.2% of the need). In the world, the need 

for PHC is 20 million at the end of life. Some 6% 

of these are children. 80% of such patients live in 

low- and middle-income countries. Coverage of 

palliative care in the world also does not exceed 

50% of the need [2–4]. 
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The medical component of palliative care is 

elimination of life-threatening symptoms (carry-

ing the risk of premature death even with an incur-

able disease) by carrying out pathogenetic ther-

apy, palliative surgical interventions, as well as 

symptomatic therapy, to relieve pain, first of all. 

Timely and sufficient analgesia significantly im-

proves the quality of life of patients and is one of 

the main needs of palliative patients [2; 5]. 

Among the 289 disabling diseases that were re-

sponsible for the global burden of disease in the 

world during 1990–2010, a significant part be-

longed to palliative diseases and were accompa-

nied by chronic pain [6]. Among these diseases, 

the first place was occupied by psychoneurologi-

cal disabling disorders: dementia, demyelinating 

diseases, strokes in adults; severe and profound 

mental retardation and other diseases of children 

(congenital malformations, inflammatory diseases 

of the central nervous system, severe perinatal 

conditions, cerebral palsy). Chronic pain is also 

accompanied by damage to the musculoskeletal 

system and joints [7], frequent periodic pain of 

significant force – tension headache and migraine. 

About 3% of the world's population has a disabil-

ity due to injuries that are accompanied by chronic 

pain. At the same time, the number of such pa-

tients is even greater in terms of the number of 

Years Lived with Disability (YLD): according to 

[7], the number of victims of injuries was more 

than 6%, that is, it was twice as large. The results 

of studying the number of Years of Life Lost 

(YLL) [8] are also important for our research. 

Correlations between YLD and YLL indicators 

are usually not established: some diseases predict 

long-term disability and a palliative state, others 

require palliative treatment and care during the 

last year of life [9]. For example, neurological dis-

orders were responsible for almost 43 million 

cases of YLD during the period, but they ac-

counted for only about 9 million YLL. Another 

example of the absence of correlative relation-

ships is the following: in the older age group in 

studies [7; 8] most cases of YLD were associated 

with Alzheimer's and Parkinson's diseases, while 

YLL was associated with cancer. 

Considerable attention of the medical commu-

nity and the society during the period of research 

of YLD and YLL indicators (1990–2010) was fo-

cused on HIV/AIDS, which was called the "pla-

gue of the 20th century". In the last stages of de-

velopment, the disease is palliative and associated 

with intense pain in the case of neuroAIDS. To-

day, there are 39 million people living with HIV/ 

 AIDS in the world, with an annual increase in the 

number of infected people by 1–1.5 million peo-

ple and annual AIDS deaths in the range of 600–

700 thousand [10; 11]. Without the use of An-

tiRetroviral Therapy (ART), it takes 7–12 years 

from HIV infection to the development of AIDS. 

Drug use shortens the period before the develop-

ment of AIDS to 3–4 years [12]. There are more 

than 190,000 HIV-infected people in Ukraine, and 

only 150,000 of them receive ART. Therefore, 

more than 21% of HIV-infected people are at risk 

of rapid AIDS development in the forecast period. 

They will need constant pain relief for at least the 

last two months of life. In the last stages, AIDS 

progresses quite quickly, therefore, in order to as-

sess the impact of the correct organization of med-

ical care on the quality of life and the adequacy of 

palliative analgesia in patients diagnosed with 

HIV/AIDS, it is YLL that should be taken into ac-

count. 

According to the same principle, among vascu-

lar crises, which are responsible for the highest 

mortality in the world, the YLL indicator is more 

relevant for the assessment of strokes, and the 

YLD indicator of heart attacks. After all, by the 

end of the year, 20% of victims of myocardial in-

farction in Ukraine survive. After strokes, 30–

40% of patients die in the first 30 days, another 

50% die within a year. Of those who survive, up 

to 40% become dependent on assistance (often 

living with chronic pain), and only 10% return to 

a full life [13]. In general, disability from cerebro-

vascular diseases in the world increased from 2.3 

million cases in 1990 to 4.3 million in 2010 [7]. 

Trends in onset and duration of disability, cal-

culated by YLD, have multidirectional vectors, 

which must be taken into account when planning 

the volumes of necessary analgesia. Thus, YLD 

due to neonatal conditions in the world during 

1990–2010 decreased by 13.5% (from 159 per 100 

thousand population to 137 per 100 thousand po-

pulation). On the contrary, YLD due to onco-

pathology, which has a significant burden of pain 

and is treated palliatively in stages 2 and 4, in-

creased from 2.5 million first registered cases in 

1990 to 4.5 million cases in 2010. 

A global study of YLL and YLD in the world 

during 1990–2010 also showed that national 

health systems are not sufficiently responding to 

the challenges of palliative diseases. The strate-

gies of the PHC organization are insufficiently ef-

fective, first of all, in matters of determining the 

list of palliative diseases, creating centers for co-

ordinating the routes of palliative patients in the 
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system of medical institutions, and organizing ad-

equate analgesia. The majority of palliative care 

patients do not receive the necessary analgesia due 

to strict drug restrictions, lack of political will of 

governments, insufficient qualification of medical 

professionals and lack of scientific research. This 

is also evidenced by the data of Ukrainian re-

searchers [14–17]. Therefore, the issue of pain re-

lief is insufficiently studied, both at the world and 

national levels. 

The aim of the study was to determine the 

need for different types of analgesia in palliative 

patients depending on the main palliative diagno-

sis. 

Materials and Methods 

To carry out this study, we used the method of 

systematic analysis and bibliosemantic (searching 

for sources by keywords on PubMed and Google 

Scholar). The aggregation method [18] summa-

rizes information on types of pain in various pal-

liative diagnoses and painkillers recommended in 

Ukraine. The need for various painkillers for 

adults and children with palliative diagnoses was 

assessed. 

In our calculation and forecast of the need for 

PHC in Ukraine, made according to the improved 

methodology (2021–2024) [19] of the Ukrainian 

Center for Social Data (2019) [20], the indicator 

hovered around the figure of 200 thousand and in-

cluded malignant neoplasms, cardiovascular 

diseases, tuberculosis, diabetes, HIV/AIDS in 

adults and children; dementia, rheumatoid arthri-

tis, fibrosis and cirrhosis of the liver, kidney dis-

ease in adults; congenital malformations, severe 

perinatal conditions, cerebral palsy, severe and 

profound mental retardation, inflammatory disea-

ses of the central nervous system, chronic hepati-

tis, phenylketonuria, cystic fibrosis, mucopolysac-

charidoses in children. Obtaining statistical data 

on congenital malformations [21], severe and pro-

found mental retardation in children; chronic ob-

structive pulmonary disease [22], dementia in 

adults was complicated. Complications were re-

lated to the collection of disease statistics. We also 

consider it necessary to expand the list of pallia-

tive diseases to include epilepsy in adults and chil-

dren, as well as multiple sclerosis in adults [23]. 

Results and Discussion 

Painless dying is considered from the perspec-

tive of human dignity [24]. Even under adequate 

anesthesia, it is difficult for palliative patients to 

overcome the emotional problems associated with 

the awareness of imminent death. In the presence 

of chronic pain, the psychological state of patients  

 deteriorates to the point of clinical depression with 

suicide attempts, therefore, the treatment of many 

palliative diseases relies on the use of sedatives, 

tranquilizers, neuroleptics, anticonvulsants, which 

simultaneously have analgesic properties [25]. 

According to the results of a systematic review 

of ten prospective studies of palliative sedation, 

found by Arantzamendi M. et al. (2021) in the 

PubMed, CINAHL, Cochrane, MEDLINE and 

EMBASE databases for the period 2014–2019 

[26], 25–65% of palliative patients required 

chronic pain treatment. Most of them were cancer 

patients. (Our own observations in the Kharkiv 

hospice [27] are similar). Evaluation of the effec-

tiveness of sedation according to the conclusions 

of Arantzamendi M. et al. performed according to 

the Glasgow Coma Scale, Ramsay Sedation Scale, 

Richmond Agitation Sedation Scale, and Bispectral 

Index monitoring. The most used drugs were mid-

azolam, phenobarbital, promethazine and the an-

esthetic propofol. 

But according to the WHO three-stage pain 

treatment strategy [28], adopted as a basis in 

Ukraine [29], the main drugs for pain relief are 

narcotic and non-narcotic analgesics. The three 

levels of pain relief are based on the intensity of 

the pain. For mild pain, non-narcotic painkillers 

are used (Non-Steroidal Anti-Inflammatory Drugs 

(NSAIDs), acetaminophen (paracetamol), adju-

vant drugs); with moderate – weak opioids (hy-

drocodone, codeine, tramadol); in severe cases, 

strong opioids (morphine, methadone, oxycodone, 

buprenorphine, tapentadol, hydromorphone, oxy-

morphone) with the addition of adjuvants if nec-

essary. 

Opioid pharmacotherapy is the basis of cancer 

pain treatment [30]. It can be supplemented by 

treatment with adjuvant analgesics, psychothera-

py and physiotherapy. In order to choose methods 

that will be effective in the complex for the vast 

majority of patients, it is necessary that clinicians 

are well aware of methods of pain assessment and 

therapeutic strategies that must consider the bal-

ance between the effectiveness of analgesia and the 

side effects of analgesics. The choice of drugs is 

based on understanding the pathophysiology of 

pain. But if it is not about hospice in a medical in-

stitution, but about a home for the elderly, in which 

a palliative patient ends his life, or about "hospice 

at home", the choice of drugs for pain relief is usu-

ally insufficient [31]. The situation is often compli-

cated by comorbidity, which increases the need in 

drug treatment, its duration, number of drugs, 

necessary doses, risk of polypharmacy [32]. 
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Specialized hospice facilities and palliative 

care units often have more options than home hos-

pices and nursing homes in terms of drug delivery 

routes, which affects their effectiveness. Thus, for 

example, morphine is 2–3 times more effective 

when administered intravenously and subcutane-

ously than when administered orally [33]. The 

need for long-term analgesia in palliative medi-

cine prompts to pay considerable attention to the 

possible side effects of painkillers, to change these 

drugs to those that do not have side effects, to 

combine them to reduce the dosage. From doctors 

who do not specialize in patients with a palliative 

profile, such actions require special knowledge 

and a lot of time to study the features of pain relief 

depending on the age of the patient and the main 

palliative diagnosis. Therefore, it is advisable to 

improve the protocols for the treatment of chronic 

pain: to include in them recommendations on the 

lists of painkillers for each diagnosis with the ap-

propriate dosage depending on the severity of the 

disease, assessment of pain intensity, age, comor-

bidity. It is also necessary to indicate the possibil-

ity of replacing drugs in cases of pronounced side 

effects and the sequence of such replacement. The 

legalization of medical cannabis in Ukraine sig-

nificantly expands the possibilities of pain relief 

[34]. A list of these drugs must be offered to the 

National Health Service for reimbursement under 

the "Affordable Medicines" medical guarantee 

program [35]. Currently, only valproic acid, 

haloperidol, carbamazepine, acetylsalicylic acid, 

clozapine, lamotrigine, morphine, phenytoin, and 

fluoxetine are included in the list of reimburse-

ment drugs that can be used in palliative medicine 

in the presence of chronic pain (with reimburse-

ment of 43–100% of the cost) [36]. 

We have compiled a Table of the correspond-

ence of palliative diseases of adults and children 

to the types and possible intensity of pain, indicat-

ing the groups of drugs with an analgesic effect. 

Types of pain are listed in accordance with na-

tional standards of care and evidence-based clini-

cal guidelines for chronic pain syndrome in adults 

and children [37]. Nerve irritation causes nocicep-

tive pain, damage – neuropathic. We will describe 

the pathogenetic mechanisms of pain in palliative 

diseases selected by us for inclusion in the list that 

can be recommended by the Ministry of Health of 

Ukraine from the WHO list. 

The nature of pain in malignant neoplasms 

can change with the progression of the disease. 

Nociceptive pain predominates in the early stages, 

and neuropathic pain in the later (palliative) stages. 

 Nociceptive pain can be caused by the pressure of 

a growing tumor on the adjacent tissues (nerves, 

bones), irritation of nerves by products of inflam-

mation accompanying the neoplastic process, tu-

mor growth into nerves. Long-term compression 

of nerves disrupts their functionality; thus, the pain 

can be considered neuropathic. Nerve damage can 

be caused by surgery, radiation therapy, or the ef-

fects of certain anticancer drugs (cisplatin, carbo-

platin, oxaliplatin, paclitaxel, docetaxel, vincris-

tine, vinblastine, and others). Pain increases the 

development of osteoporosis [38–40]. 

Pain in cardiovascular diseases is mainly noci-

ceptive. It occurs due to ischemia of the myocar-

dium, stretching of the aneurysm walls, inflamma-

tion of the pericardium and endocardium, block-

age of blood vessels by blood clots. Severe pain is 

characteristic of angina pectoris, myocardial in-

farctions and strokes. The intensity of pain in heart 

failure is usually moderate. Pathogenetic therapy 

with nitroglycerin in angina pectoris reduces the 

level of pain [41]. 

Pain in pulmonary tuberculosis is mainly noci-

ceptive, caused by inflammation of lung tissue, 

formation and disintegration of cavities with pleu-

ral irritation. When bones and kidneys are affected 

by tuberculosis, neuropathic pain is added. Pain 

reduction occurs as a result of pathogenetic treat-

ment with antibiotics and analgesia using parace-

tamol, NSAIDs, and weak opioids [42]. 

Most often, pain in diabetes has a neuropathic 

character, which is reflected in the name of a com-

mon complication of diabetes "diabetic neuropa-

thy" (E10.4, E11.4 according to the ICD-10), 

which is more characteristic of adult patients.  

Pain, paresthesias, and numbness are initially lo-

calized in the feet and lower legs, with possible 

spread higher up the lower limb. The intensity of 

pain in diabetic neuropathy ranges from mild to 

severe. The presence of arthritis and osteoporosis 

increases pain [43; 44], while the normalization of 

the blood sugar level lowers it. Treatment of pain 

in diabetes is pathogenetic (non-narcotic analge-

sics of central action (pregabalin, gabapentin) 

(first therapeutic line); carbamazepine (effective 

in some types of neuropathic pain); tricyclic anti-

depressants (amitriptyline); sugar-lowering drugs, 

insulin, diet) and symptomatic (weak and strong 

opioids (tramadol, codeine, morphine, oxycodo-

ne), alpha-lipoic acid, capsaicin). Physiotherapy, 

reflexology, acupuncture, and cognitive-behavio-

ral therapy are effective [45–49]. 

In HIV/AIDS, pain is most often mixed: it in-

cludes nociceptive pain (from inflammatory pro- 
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Table. Palliative diagnoses of adults and children, corresponding types of pain and analgesia 

 

The main palliative diagnosis 

Codes  

according 

to ICD-10 

Age* 

Predominant 

types of pain 

Groups of pharmaceutical drugs  

depending on the intensity  

of chronic pain 

NP NC Md mild moderate severe 

Malignant grade 3–4  

neoplasms 

C00–C97, 

D00–D48 
Adults 

+ + + 

 WO SO 

C00–C97 Children 

Cardiovascular diseases I00–I99 

Adults 

 +  

 PT, WO, 

NSAIDS, 

NA 

PT, SO 

Children 

Tuberculosis A15–A19 

Adults 

 + + 

PT, 

NSAIDS, 

NA 

PT, WO, 

NSAIDS 

 

Children 

Diabetes E10–E14 
Adults 

+   

PT NA, PT, 

AC, AD, 

WO 

NA, PT, 

AC, AD, 

SO 

Children  WO  

HIV/AIDS B20–B24 
Adults 

  + 
NSAIDS WO, AC, 

AD 

SO, AC, 

AD Children 

Epilepsy G40–G41 

Adults 

  + 

AC, 

NSAIDs, 

NA 

AC, AD, 

NSAIDs, 

NA 

AC, AD, 

NA 
Children 

Dementia F00–F09 

Adults 

  + 
NSAIDs NSAIDs, 

AC, AD 

AC, AD, 

SO 

Multiple sclerosis G35   + 
NSAIDs, 

PT 

WO, PT, 

AC, AD 

SO, PT, 

AC, AD 

Rheumatoid arthritis M05–M06  +  

NSAIDs, 

PT 

NSAIDs, 

PT 

NSAIDs, 

PT, AD, 

NA 

Fibrosis and liver cirrhosis K74   + 
PT, NA, 

NSAIDs 

PT, NA, 

NSAIDs 

PT, NA, 

NSAIDs 

COPD J43–J47   + 

NSAIDs, 

NA, 

NSAIDs, 

NA, AC, 

AD 

 

Kidney disease 
N00–N15, 

N20–N23 
  + 

NSAIDs, 

NA, 

NSAIDs, 

NA, WO, 

PT 

NSAIDs, 

NA, SO, 

PT 

Congenital malformations Q00–Q99 

Children 

+ + + 

NSAIDs, 

NA 

NSAIDs, 

NA, WO, 

PT 

SO, PT 

Perinatal conditions P05–P96 + + + 

NSAIDs, 

NA 

NSAIDs, 

NA, WO, 

PT 

SO, PT 

Children's cerebral palsy G80   + 

NSAIDs, 

NA 

NSAIDs, 

NA, WO, 

PT, AC, 

AD 

NSAIDs, 

NA, SO, 

PT, AC, 

AD 

Mental retardation 

(heavy and deep) 
F72–F79 + + + 

NSAIDs, 

NA 

NSAIDs, 

NA, WO, 

PT, AC 

NSAIDs, 

NA, SO, 

PT, AC 

Inflammatory diseases 

of the CNS 

G00, G03, 

G04, G06, 

G08, G09 

  + 

PT, 

NSAIDs, 

NA 

PT, 

NSAIDs, 

NA, WO 

PT, NA, 

SO 

Phenylketonuria E70.0 +   

PT, 

NSAIDs, 

NA 

PT, 

NSAIDs, 

NA, WO 
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Continuation of the Table 

The main palliative diagnosis 

Codes  

according 

to ICD-10 

Age* 

Predominant 

types of pain 

Groups of pharmaceutical drugs  

depending on the intensity  

of chronic pain 

NP NC Md mild moderate severe 

Cystic fibrosis 

E84 

Children 

 +  

NSAIDs, 

NA 

NSAIDs, 

NA, WO, 

PT 

NSAIDs, 

NA, SO, 

PT 

Mucopolysaccharidoses 

E76 

  + 

PT, 

NSAIDs, 

NA 

NSAIDs, 

NA, СО, 

PT 

NSAIDs, 

NA, SO, 

PT 

Chronic hepatitis 

K73, 

K75.2, 

K75.3 

 +  

PT, 

NSAIDs, 

NA 

PT, 

NSAIDs, 

NA 

 

 

Notes: 

 

COPD - chronic obstructive pulmonary disease; 

CNS - central nervous system; 

ICD-10 – International Statistical Classification of Diseases 

and Related Health Problems 10th revision; 

*Children: age 0–17 years (according to WHO); 

NP - neuropathic; 

NC - nociceptive; 

Md - mixed (neuropathic-nociceptive) 

 

NSAIDs – non-steroidal anti-inflam-

matory drugs; 

NA – non-narcotic analgesics; 

WO – weak opioids (hydrocodone, 

codeine, tramadol); 

SO – strong opioids (morphine, meth-

adone, oxycodone, buprenorphine, 

tapentadol, hydromorphone, oxy-

morphone); 

PT – pathogenetic therapy; 

AC – anticonvulsant drugs; 

AD – antidepressants 

 

 

cesses, tumors, and treatment complications) and 

neuropathic pain (from the direct effect of the vi-

rus or opportunistic infections (cytomegalovirus, 

cryptococcosis) on the nervous system in neuroA-

IDS). The intensity of pain in HIV/AIDS ranges 

from mild to severe. The presence of tuberculosis, 

cryptococcosis, or Kaposi's sarcoma can increase 

pain. NSAIDs (ibuprofen, naproxen – for nocicep-

tive pain), weak (codeine) and strong (morphine) 

opioids, anticonvulsants (pregabalin, gabapentin – 

for neuropathic pain), antidepressants (amitripty-

line, duloxetine) are used to treat pain. 

Kluger B.M. et al. [50] write about the treat-

ment of patients with epilepsy as palliative pa-

tients with this disease. The disease is accompa-

nied by convulsions of varying degrees of man-

ageability [51; 52]. Treatment should cover both 

the attacks themselves and their anticipation (an-

xiety, fatigue, depression) [53; 54]. Adequate 

treatment of sleep disorders, cognitive disorders, 

psychotic manifestations, anxiety symptoms, rage 

attacks also contribute to reducing the level of 

pain in epilepsy. Drug therapy of epilepsy can be 

supplemented with psychotherapy. The cognitive 

clarity it achieves can get rid of attacks, make 

them less frequent and last longer. Reducing the 

frequency and strength of attacks reduces the risk 

 of sudden death by 2–4 times, the intensity of 

chronic pain by 30–60% [55–61]. Family mem-

bers of epilepsy patients (caregivers) have high 

rates of anxiety, depression, and premature mor-

tality due to chronic stress and fatigue [62–65]. 

Their condition negatively affects the quality of 

care and support for patients. 

A combination of nociceptive and neuropathic 

pain is often observed in epilepsy. Nociceptive 

pain can be associated with injuries sustained dur-

ing seizures (for example, when falling), or with 

muscle pain after intense seizures. Neuropathic 

pain is caused by epilepsy itself or by side effects 

of antiepileptic drugs. The intensity of the pain 

ranges from mild to severe. Having a migraine or 

fibromyalgia increases the pain. Drug therapy is 

used to treat pain, and neurostimulation and block-

ades are used for severe pain. For the treatment of 

neuropathic pain, anticonvulsants are used (prega-

balin, gabapentin – drugs of the first therapeutic 

line; carbamazepine – for  treatment of trigeminal 

neuralgia; lamotrigine), antidepressants (includ-

ing tricyclic antidepressants (amitriptyline, nortri-

ptyline) – for night pains and related sleep disor-

ders; selective serotonin and norepinephrine reup-

take inhibitors (duloxetine and venlafaxine)). 

NSAIDs (ibuprofen, naproxen, ketoprofen) and 
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paracetamol are used to treat nociceptive pain. 

Physiotherapy, thermal procedures, massage, phy-

sical therapy, psychotherapy are also effective. 

Starting from 2019, Ukraine no longer collects 

statistical data on the number of dementia patients 

(in adults) and severe and profound mental retar-

dation (in children) [66; 67]. This fact signifi-

cantly complicates the calculation of the need for 

PHC for these nosological units, but still requires 

clarification regarding the necessary analgesia. 

In dementia, the predominant type of pain is 

mixed, which consists of nociceptive pain from 

infections, injuries, bedsores, as well as neuro-

pathic pain due to degeneration of the nervous sys-

tem. In Alzheimer's disease, beta-amyloid plaques 

have a toxic effect on nerve cells. NSAIDs are 

used to treat nociceptive pain, and anticonvulsants 

and antidepressants are used to treat neuropathic 

pain. Non-medicinal methods are also effective: 

physiotherapy, massage, thermal procedures. Bed-

ridden patients need special anti-bedsore care. In 

some patients with dementia, the pain sensitivity 

threshold may change, ranging from overestima-

tion to underestimation. The intensity of the pain 

ranges from mild to severe. Pain is increased by 

comorbid arthritis, osteoporosis, some pharma-

ceutical drugs for the treatment of dementia (ha-

loperidol, biperiden, prednisone, dexamethasone, 

lamotrigine, gabapentin, pregabalin). Severe hea-

dache is often present with vascular dementia. For 

the treatment of severe pain in dementia, strong 

opioids (morphine, oxycodone) are used with cau-

tion (given the difficulty of determining the level 

of pain in patients with cognitive disorders) [68–

71]. 

In multiple sclerosis, pain has a mixed nature, 

the neuropathic component of which is associated 

with disturbances in the conduction of nerve im-

pulses due to demyelination and inflammatory 

processes that damage nerve fibers. The nocicep-

tive component is also associated with inflamma-

tory processes or with injuries due to muscle 

spasms, contractures or other concomitant dis-

eases. It is more pronounced in the early stages of 

the disease. In the later stages, neuropathic pain is 

more pronounced. The nature and strength of the 

pain depends on the stage of the disease and the 

localization of the damage to the nervous system. 

The disease mainly affects women (up to 80%) 

aged 20–35. The onset of the disease in most men 

occurs at the age of 35–45. After 10 years from the 

onset of the disease about a third of patients, and 

after 15 years half of patients are unable to move 

without assistance. The loss of the ability to move  

 often correlates with an increase in pain from mild 

in the initial stages of the disease to very severe in 

the last stages [72; 73]. Many complications of the 

disease are accompanied by pain: spastic condi-

tions, contractures, bedsores, delayed urination 

and defecation, swallowing disorders, aspiration 

pneumonia. Some medical and diagnostic proce-

dures (catheterization, epicystostomy, and others) 

are also painful [74; 75]. 

Early initiation of treatment using pathogenetic 

therapy using glucocorticosteroids, plasmaphere-

sis, interferons, glatiramer acetate, mitoxantrone, 

natalizumab, fingolimod, teriflunomide, dimethyl-

fumarate, ocrelizumab improves the prognosis: 

delays the development of disability [76–78]. The 

presence of deficient chronic viral diseases, stress, 

obesity, depression and vitamin D deficiency in-

crease the level of pain; adequate physical thera-

py, thermal procedures, massage, transcutaneous 

electronic neurostimulation, yoga, meditation, acu-

puncture, other methods of complementary medi-

cine – reduce [79–81]. 

For the treatment of neuropathic pain in multi-

ple sclerosis, anticonvulsants (gabapentin, prega-

balin), tricyclic antidepressants, selective seroto-

nin reuptake inhibitors, and opioids are used. 

NSAIDs can reduce nociceptive pain. With the 

right treatment, the life expectancy of patients can 

be the same as that of other people without multi-

ple sclerosis. But in Ukraine, unfortunately, cor-

rect and timely treatment of multiple sclerosis is 

rarely carried out. Correct treatment is also ham-

pered by the high cost of therapy [26; 27; 82]. 

In rheumatoid arthritis, the pain is mainly no-

ciceptive, caused by inflammation of the synovial 

membrane of the joints and the destruction of their 

tissues, which irritates pain receptors. Only with a 

long course due to complications, neuropathic 

pain can be added. The intensity of pain usually 

increases with the progression of the disease from 

mild to severe, and correlates with the strength of 

the inflammatory process. it starts from one joint 

and later spreads to others, more in the case of 

damage to large joints, the presence of osteoarthri-

tis and fibromyalgia. As with all other diseases, 

the intensity of pain depends on the threshold of 

individual sensitivity. But with predominant noci-

ceptive pain, the objective assessment in points on 

standard scales depends more on individual per-

ception than with neuropathic pain. For the treat-

ment of pain in rheumatoid arthritis at all levels of 

its intensity, NSAIDs (ibuprofen, naproxen) are 

used, in moderate and severe cases – glucocorti-

costeroids. The key drugs of pathogenetic treat - 
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ment are basic antirheumatic drugs (methotrexate, 

sulfasalazine, which inhibit the inflammatory re-

action), biological drugs (cytokines, tumor necro-

sis factor inhibitors, which slow down the destruc-

tion of joints). Non-medicinal methods (physical 

therapy, massage, thermal procedures), ergothera-

peutic devices to facilitate movement, yoga, med-

itation are effective. A healthy diet, sufficient 

sleep, and moderate physical activity also have 

a positive effect on the course of the disease, re-

duce pain and delay the onset of disability. Tricy-

clic antidepressants, serotonin and norepinephrine 

reuptake inhibitors are used to treat severe pain in 

rheumatoid arthritis. The use of opioids is limited 

and not long-term [83–85]. 

In fibrosis and cirrhosis of the liver, pain is of 

a mixed type. Its nociceptive component is asso-

ciated with stretching of the liver capsule (visceral 

pain) and appears already in the early stages of the 

disease. The neuropathic component occurs when 

the nerves of the liver are damaged, against a 

background of hepatic encephalopathy or vitamin 

deficiency. The intensity of pain ranges from mild 

in the early stages to severe in the later stages. 

Pain can be aggravated by hepatic encephalopa-

thy, ascites, portal hypertension, varicose veins of 

the esophagus. Pathogenetic pharmacotherapy 

(entecavir, tenofovir, interferons, sofosbuvir, ledi-

pasvir, simeprevir, essentials, karsil, vitamin E, 

obelirosan, cencrelide, TGF-β inhibitors, aldoste-

rone inhibitors, etc.) or donor liver transplantation 

is used for treatment. For pain relief, non-narcotic 

analgesics and NSAIDs (paracetamol, ibuprofen), 

antispasmodics (buscopan, no-spa, drotaverin) are 

used; with ascites – diuretics (verospiron, furo-

semide). For the treatment of fibrosis and cirrhosis 

of the liver and their complications, thermal pro-

cedures and physiotherapy are used. Patients are 

recommended a diet and restrictions on physical 

activity [86–88]. 

In Chronic Obstructive Pulmonary Disease 

(COPD), pain is mostly of a mixed nature. Its no-

ciceptive component is associated with inflamma-

tion of the respiratory tract, chronic cough, suffo-

cation with accelerated breathing, which causes 

overstrain of the respiratory muscles, and chronic 

hypoxemia. Neuropathic pain occurs as a result of 

nerve damage caused by chronic inflammation, 

compression of nerves by enlarged lymph nodes 

or tumors. Osteoarthritis, a frequent concomitant 

disease, contributes to the development of pain in 

COPD. The pain can be mild to moderate, with lo-

calization in the chest (due to coughing and mus-

cle tension), in the back (also due to coughing and  

 incorrect posture), in the joints (due to lack of ox-

ygen). Headache may be caused by chronic hy-

poxemia and/or neck muscle tension. For the treat-

ment of neuropathic pain, anticonvulsants (gaba-

pentin, pregabalin, carbamazepine), muscle rela-

xants (baclofen, tizanidine) and antidepressants 

are effective, and for nociceptive pain in muscles 

and joints – NSAIDs (ibuprofen, naproxen), para-

cetamol. Physiotherapy, massage, heat treatments 

(mustards, warming compresses), acupuncture, 

cognitive-behavioral therapy, removal of lung tu-

mors, oxygen therapy are also effective for reduc-

ing pain [22; 89–91]. 

In palliative kidney diseases, the pain is mainly 

of a mixed nature. Its nociceptive component can 

be associated with renal colic, inflammatory pro-

cesses (pyelonephritis), tumors. The neuropathic 

component of pain in kidney diseases can be asso-

ciated with ureterohydronephrosis, diabetic neph-

ropathy, nerve damage during surgery. The inten-

sity of the pain ranges from mild to severe. Phar-

macotherapy of pain involves the use of NSAIDs, 

paracetamol, antispasmodics, diuretics (to remove 

stones and reduce pressure in the kidneys), weak 

and strong opioids (codeine, morphine). Physio-

therapy (electrophoresis, ultrasound), massage, 

heat procedures or, on the contrary, cold (in case 

of acute inflammation), acupuncture, psychothe-

rapy, epidural anesthesia, neurostimulation, chan-

ging the position of the body during treatment to 

reduce the load on the kidneys, physical therapy, 

diet, relaxation techniques (yoga, meditation) are 

also effective [92–94]. 

In congenital malformations, the pain can be 

equally neuropathic, nociceptive or mixed, from 

mild to severe (for hydrocephalus, spina bifida 

(split spine) in intensity, depending on the nature 

and localization of the defect. Pain can be constant 

and periodic, disappear in periods of remission. 

Determining the level of pain is difficult in young 

children who cannot describe their feelings. The 

pain is aggravated by the presence of spasms, con-

tractures, and infection. Narcotic and non-narcotic 

pain killers, blockades, anticonvulsants, antide-

pressants, physiotherapy (massage, thermal pro-

cedures, physical exercises, electrical stimula-

tion), surgical interventions, orthopedic devices 

(ortheses) [21; 95; 96]. 

Pain in severe perinatal conditions that cause 

palliative illnesses can range from mild to severe 

in intensity, nociceptive, neuropathic and mixed 

in origin. Narcotic and non-narcotic pain relievers 

(paracetamol, ibuprofen, opioids), anticonvul-

sants (gabapentin, pregabalin), antidepressants,   
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epidural anesthesia, physiotherapy (massage, heat 

procedures, physical exercises, electrical stimula-

tion), compression therapy (bandages, stockings), 

positional therapy (change in body position), sur-

gical interventions [97–101]. 

In children with cerebral palsy, the pain is 

mostly mixed. Its nociceptive component is asso-

ciated with muscle contracture, spasticity, bed-

sores. The intensity of the pain ranges from mild 

to severe. In all forms of the disease, the headache 

is associated with increased intracranial pressure 

or spasms of blood vessels. Increased muscle tone 

often causes muscle and joint pain. Contractures 

limit the mobility of the joints, which, moreover, 

are often deformed and require surgical treatment. 

The treatment uses analgesic anti-inflammatory 

NSAIDs (ibuprofen, naproxen, ketorolac), weak 

and strong opioid analgesics (tramadol, morphi-

ne), muscle relaxants of central (baclofen, tizani-

dine) and peripheral (dantrolene) action, anticon-

vulsant drugs (gabapentin, pregabalin – for neuro-

pathic pain), antidepressants (amitriptyline, ven-

lafaxine – for chronic pain), botulinum toxin (re-

duces spasticity), physical therapy, massage, kine-

siotherapy, psychotherapy [102–105]. 

Pain in mental retardation (severe and deep) 

is associated with complications of diseases that 

occur or progress faster in such children: cardio-

vascular (heart failure, strokes), respiratory sys-

tem (pneumonia, bronchitis, food aspiration), epi-

lepsy, infectious diseases in in combination with 

weakened immunity (with sepsis), with complica-

tions after surgical interventions, bedsores. There-

fore, nociceptive, neuropathic and mixed types of 

pain of all degrees of intensity are inherent in this 

disease. NSAIDs, opioid analgesics, muscle rela-

xants, anticonvulsants, physiotherapy, acupunc-

ture, positional therapy, art therapy, psychother-

apy are used to treat pain [106–109]. 

In inflammatory diseases of the central ner-

vous system in children, the pain is mainly of a 

mixed nature. The nociceptive component of pain 

is associated with increased intracranial pressure 

and brain swelling, the neuropathic component is 

associated with demyelination. Nociceptive pain 

is usually present from the beginning of the dis-

ease, neuropathic pain joins in the last stages. In 

meningitis, there is an intense headache, which is 

often accompanied by stiffness of the occipital 

muscles and photophobia. In encephalitis, there is 

also frequent headache, chronic neuropathic spi-

nal pain, convulsions, and loss of consciousness. 

The pain gradually increases from mild to severe.  

 For the treatment of pain, etiotropic therapy (anti-

biotics and antiviral drugs), pathogenetic therapy 

(glucocorticoids), the entire range of painkillers 

[110–113] are recommended. 

In phenylketonuria the pain is usually neuro-

pathic, resulting from nerve damage during con-

vulsions. The intensity of such pain does not ex-

ceed a moderate level. A mild headache and muscle 

pain may also be present after the seizure [114]. 

In cystic fibrosis, the pain is mainly nocicep-

tive, associated with irritation of the nerves of the 

chest and throat during coughing and the ab-

dominal cavity during pancreatitis or intestinal 

obstruction. In pancreatitis and pneumonia, the 

pain can be severe. Dehydration and muscle ten-

sion can lead to headaches. Pain reduction occurs 

in response to adequate analgesia (using NSAIDs, 

weak and strong opioids) and pathogenetic ther-

apy (to improve lung function using postural 

drainage, breathing exercises, inhalations, muco-

lytics, antibiotics; treatment of pancreatitis and in-

testinal obstruction). Physiotherapy, massage, ki-

nesiotherapy, relaxation techniques (yoga, medi-

tation, breathing exercises), thermal procedures 

(mustards, warming compresses), psychotherapy 

are also effective [115–119]. 

In mucopolysaccharidoses, the pain is mostly 

mixed. Its nociceptive component is associated 

with joint inflammation, bone deformation, and 

compression of nerve roots. Neuropathic pain is 

associated with neurodegenerative processes. The 

intensity of the pain ranges from mild to severe. 

Mild persistent pain is often localized in the joints 

and worsens with physical exertion. Moderate  

chronic pain in the back is associated with defor-

mation of the spine, in the abdomen – with an in-

crease in internal organs. Severe acute pain often 

occurs when nerve roots are compressed or joints 

are inflamed. The reduction in pain level corre-

sponds to the effectiveness of pathogenetic ther-

apy (enzyme replacement therapy and correction 

of metabolic disorders) and analgesia (with fre-

quent use of NSAIDs and infrequent opioids). Ki-

nesiotherapy, massage, acupuncture, thermal pro-

cedures, psychotherapy are also effective [120–

123]. 

In children with chronic hepatitis, the pain is 

mainly nociceptive, associated with stretching of 

the liver capsule, compression of neighboring or-

gans and nerve endings by an enlarged liver. The 

presence of gallstones increases the pain. With the 

development of cirrhosis of the liver, neuropathic 

pain is added, due to the degeneration of the nerves 
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of the liver. Etiotropic and pathogenetic therapy 

(treatment of the main disease, for example, viro-

static therapy, immunomodulators-suppressors) 

together with painkillers (NSAIDs, paracetamol), 

antispasmodics, physiotherapy (ultrasound, elec-

trophoresis with pharmaceuticals, magnetic ther-

apy) and diet (restriction of fatty, fried, smoked, 

spicy) help to reduce the level of pain [124–126]. 

Conclusions 

The treatment of chronic pain in Ukraine is re-

gulated by the treatment standard, which recom-

mends following the WHO three-step protocol the 

use of non-steroidal anti-inflammatory drugs and 

non-narcotic analgesics for the treatment of mild 

pain, mild opioids for moderate pain, and strong 

opioids for severe pain. A significant number of 

diseases that are accompanied by chronic pain 

should be treated as palliative. But the treatment 

standard does not detail the use of painkillers ac-

cording to nosological units. 

The conducted research made it possible to de-

termine the predominant types of pain, their pos-

sible intensity and corresponding groups of phar-

maceutical drugs with an analgesic effect in noso- 

 logical units from the list of palliative diseases 

proposed by us. We also proposed to introduce 

clarifications to the national standard for the treat-

ment of chronic pain in adults and children. The 

perspective of further studies is to detail the do-

sage of drugs with an analgesic effect and to cal-

culate the need at the national level for reimburse-

ment under the "Affordable Medicines" program. 
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