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АННОТАЦИЯ
Применение антикоагулянтов является основой лечения многих заболеваний, вызывающих развитие артериальных 
и венозных тромбозов. Одно из таких заболеваний — диабетическая ретинопатия. До сих пор нет единого мнения, ка­
кой способ контроля эффективности данных препаратов наилучший. Именно поэтому ведётся активный поиск специ­
фичных биомаркёров, отражающих качество проводимого лечения. С этой целью нами проанализированы научные 
работы, в которых исследовалось применение антикоагулянтов при лечении диабетической ретинопатии с помощью 
различных видов лабораторной диагностики.
Анализ научных публикаций выполнен в информационных базах PubMed и eLIBRARY.RU. В обзор включены опублико­
ванные за последние 30 лет работы, содержащие описание основных групп антикоагулянтов и способы лабораторного 
контроля их применения. Проанализированы обзорные статьи, результаты экспериментальных исследований, моно­
графии, учебные пособия и диссертационные работы.
Общеизвестно, что антикоагулянты разделяются на две основные группы — прямые и непрямые. В современной 
клинической практике применяют главным образом прямые. Для контроля их эффективности в основном используют 
традиционные методы определения коагулограммы, но всё чаще авторы прибегают к более детальному изучению 
реологических свойств крови (определение анти­Х­активности, агрегационной способности тромбоцитов с использо­
ванием индукторов, активности факторов свёртываемости). В то же время перспективным остаётся изучение влияния 
антикоагулянтов на концентрацию провоспалительных цитокинов и факторов роста в сыворотке крови и слёзной жид­
кости при диабетической ретинопатии. 
Единое мнение о том, какие методы исследования наиболее точно отображают влияние антикоагулянтов на систему 
гемостаза и показатели воспалительной активности при различных заболеваниях, в частности при диабетической ре­
тинопатии, пока не сформировано. Необходимо более детально изучить, какие лабораторные показатели способны 
изменяться под действием данных препаратов.
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ABSTRACT
Anticoagulants are the basis for the treatment of various diseases that induces the development of arterial and venous 
thrombosis. One such disease is diabetic retinopathy. However, no consensus has been reached regarding the best way to 
control the effectiveness of these drugs. Thus, active search is ongoing for specific biomarkers that reflect treatment quality.  
To this end, this study analyzed scientific papers that presented the results of various laboratory diagnostics aimed at examining 
the use of anticoagulants in the treatment of diabetic retinopathy.
PubMed and eLIBRARY.RU were searched for legible studies. The review analyzed studies that describe the main groups of 
anticoagulants and methods of laboratory control of their use and published in the past 30 years. Review articles, results of 
experimental studies, monographs, study guides, and dissertations were analyzed.
Anticoagulants are divided into direct and indirect. In modern clinical practice, direct ones are mainly used. To control their 
effectiveness, traditional methods for determining the coagulogram are mainly used; however, increasingly more often,  
the authors resort to a more detailed study of the rheological properties of the blood, such as determination of anti­X activity, 
platelet aggregation using inductors, and activity of clotting factors. In addition, determining their effect on the concentration of 
pro­inflammatory cytokines and growth factors in the blood serum and lacrimal fluid in diabetic retinopathy remains promising.
However, no consensus has been established on which research methods most accurately reflect the effect of anticoagulants 
on the hemostatic system and indicators of inflammatory activity in various diseases, particularly in diabetic retinopathy. 
Therefore, a detailed analysis of what laboratory parameters can change under the influence of these drugs is necessary. 
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but are modified by their influence [2]. The main DOACs are 
dabigatran etexilate and melagatran (thrombin inhibitors) and 
apixaban and rivaroxaban (factor Xa inhibitors) [10–13]. In 
the Russian Federation, the NOACs dabigatran, apixaban, and 
rivaroxaban are currently registered and recommended for 
use in medical practice [14].

Some experimental studies showed that dabigatran 
etexilate and melagatran may have a positive effect on the 
course of atherosclerosis. The use of thrombin inhibitors 
reduced the lipid content in plaque thickness and reduced the 
concentration of inflammatory cytokines and macrophages 
[11, 15]. However, at present, melagatran is not used in 
clinical practice because of its high negative effect on the 
liver with longterm use [16].

Antovic et al. [17] established that aPTT, INR, and TT 
cannot be biomarkers when taking dabigatran etexilate. 
They determined plasma drug concentrations using liquid 
chromatography–mass spectrometry (LS–MS/MS) and 
revealed that even at high doses of the drug, coagulation 
parameters did not change.

Additionally, Katoh et al. described that rivaroxaban 
and apixaban reduce inflammatory marker concentration 
and hemostatic system parameters [18]. Six months after 
the course of treatment, the activity of pro­inflammatory 
cytokines decreased, and coagulogram parameters increased 
significantly compared with those at the beginning of 
therapy. The authors conclude that factor Xa inhibitors have 
anticoagulant and anti­inflammatory effects.

Another study examined the role of rivaroxaban in 
angiogenesis in patients with diabetes mellitus. The 
experiment established that rivaroxaban stimulated the 
production of vascular endothelial growth factor (VEGF) and 
endothelial nitric oxide synthase (eNOS), which triggered 
neovascularization processes [19].

Factor Xa inhibitors also reduce the development of 
atherosclerosis by reducing the concentration of lipids 
in plaques and production of inflammatory molecules  
(MMP­9, IL­1β, IL­6, and TNF­α) [20, 21].

Al­Aieshy et al. [22] compared the concentrations of 
apixaban and rivaroxaban, determined using LS–MS/MS, 
with parameters of the hemostatic system (anti­factor Xa, 
prothrombin time (PT)­INR, and aPTT). It was established 
that anti­Xa analysis is most sensitive to the use of these 
drugs, whereas PT­INR and aPTT changed only at high 
concentrations [22, 23].

Since standard coagulation tests do not enable the 
evaluation of hemostasis qualitatively and quantitatively 
when taking DOAC, attempts have been made to use a 
fundamentally new method, the thrombodynamics test. The 
study [24] analyzed parameters such as clot growth time (V), 
clot growth delay time (Tlag), initial clot growth velocity (Vi), 
steady­state clot growth velocity (Vst), clot size, and clot 
density (D). This test may be an extremely promising method 
for monitoring DOAC efficiency.

BACKGROUND
Anticoagulants are drugs that can influence hemostasis 

processes. These drugs are used in cases of a risk of arterial 
and venous thrombosis. Because increased thrombogenesis 
occurs in several diseases, anticoagulants are used in 
various fields of medicine [1]. Scientists have been actively 
searching for the most effective and safe anticoagulants with 
a convenient dosage regimen. The main requirement is the 
ability to effectively monitor the therapy by identifying specific 
biomarkers that reflect treatment quality [2].

INDIRECT ANTICOAGULANTS  
(VITAMIN K ANTAGONISTS)

There are two main groups of anticoagulants: direct 
and indirect. Indirect drugs include the vitamin K antagonist 
warfarin. This drug has long been the main drug for the 
treatment and prevention of venous thrombosis in various 
cardiovascular diseases [3]. However, the use of warfarin 
requires regular monitoring of the international normalized 
ratio (INR). Moreover, the INR range for warfarin is extremely 
small (2.0–3.0), and its efficiency can be influenced by several 
factors, from diet to the genetic characteristics of the body [3]. 
Some studies have revealed that warfarin may influence 
serum pro­inflammatory cytokine concentrations. Thus, 
Shafiq et al. [4] established that when low doses of warfarin 
are prescribed, the blood concentrations of interleukin (IL)­6 
and cyclooxygenase 2 decrease significantly.

DIRECT ANTICOAGULANTS
Direct anticoagulants represent a much larger group 

than indirect ones. Its main representative is heparin and 
its derivatives. The main difficulties in using heparin are the 
parenteral route of administration and monitoring the activated 
partial thromboplastin time (aPTT) [5]. Low molecular weight 
heparins can block the action of factor Xa, which can serve as 
a biomarker of their effectiveness [1]. Heparinoid sulodexide 
is a relatively new drug that can significantly increase aPTT 
and thrombin time (TT) and reduce serum fibrinogen levels. 
Its effect on biochemical blood parameters was not noted [6]. 
Additionally, heparin and sulodexide have anti­inflammatory, 
antioxidant, and hypolipidemic properties [7, 8].

DIRECT ORAL ANTICOAGULANTS
Direct oral anticoagulants (DOACs) or new oral 

anticoagulants (NOACs) are the most current anticoagulants. 
Their main advantage is the absence of the need to monitor 
hemostasis parameters. However, there is evidence that 
their use increases the risk of minor bleeding. Therefore, the 
prescription of DOACs should be performed under dynamic 
monitoring [9]. Standard tests for monitoring coagulation 
activity cannot accurately characterize DOAC effectiveness 
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platelet aggregation test also reveals a high susceptibility 
to thrombogenesis [35]. Impaired blood flow in the retinal 
vessels leads to the appearance of vascular abnormalities 
in the form of microaneurysms, shunts that bypass ischemic 
areas, and neovascularization. Further, disruption of the 
integrity of the vascular walls causes diabetic macular 
edema [36, 37]. Using ophthalmoscopy, the area of edema 
is determined by the presence of a ring of “hard” exudates, 
which are deposits of proteins and lipids released from the 
retinal capillaries [38, 39]. Special research methods are 
used to assess these changes more accurately, namely, 
fluorescein angiography and optical coherence tomography, 
including in angiography mode. In DR, signs of chronic 
inflammation with the release of specific pro­inflammatory 
mediators are detected in the retinal tissues [40–46].

Thus, it should be noted that in treating DR, drugs 
prescribed to correct lipid status, particularly fenofibrate, are 
crucial [44]. Moreover, because disorders are registered in 
the blood coagulation system, anticoagulants are prescribed 
because they normalize the hemostasiogram and the content 
of specific hypercoagulation markers, which in turn leads 
to a decrease in the number of identified changes and, 
consequently, a decrease in the risk of permanent loss of 
visual functions [47]. Thus, the National Ophthalmology 
Manual recommends the international drug sulodexide 
(Vessel Due F) for the treatment of DR, which can be 
administered orally or intramuscularly [48]. The order of the 
Ministry of Health of the Russian Federation “On approval of 
the standard of primary health care for diabetic retinopathy 
and diabetic macular edema” also recommends the use of 
sulodexide as anticoagulant therapy1.

Due to the development of a chronic inflammatory 
process in the microvasculature and ischemia in the retinal 
tissues, pro­inflammatory cytokines (IL­1β, IL­6, IL­8, IL­17) 
and VEGF in the internal environment of the eye (vitreous 
body, intraocular fluid) are crucial markers of retinal vascular 
damage in diabetes, as determined by enzyme immunoassay. 
To reduce the invasiveness of the study, it was proposed 
to use more accessible media, namely, lacrimal fluid, and 
blood serum [49]. However, it should be considered that it is 
challenging to identify the role of individual molecules in the 
development of DR because they have several pathogenetic 
effects that can overlap with each other [50].

Because anticoagulants are used for treating DR, there 
is an even greater need to control the rheological properties 
of blood in this disease. For this purpose, different indicators 
can be used depending on the type of drugs taken. Thus, 
the main aspects are INR control for warfarin [3] and aPTT 
for heparin and its derivatives [5, 6]. DOACs mainly affect 
the activity of factor Xa and the main indicators of the new 

1 Order of the Ministry of Health of the Russian Federation, dated 
December 24, 2012, N 1492n “On approval of the standard of primary 
health care for diabetic retinopathy and diabetic macular edema.” Access 
mode: https://base.garant.ru/70344052

HIRUDINS
The use of hirudins in modern practice is not as 

widespread as that of other anticoagulants. Recombinant 
bivalirudin is an international drug used parenterally for 
acute cardiovascular events [25]. It is the only anticoagulant 
that can be used for heparin­induced thrombocytopenia [26]. 
Laboratory monitoring of the use of bivalirudin involves 
determining the activated coagulation time, which should be 
365±100 s 5 min after drug infusion [27].

Furthermore, piyavit (not registered in the State Register 
of Medicines) is an oral drug from the hirudin group. The 
possibilities of using piyavit extend to various fields of 
medicine; however, there are no specific biomarkers of its 
efficiency.

Some authors have studied the effect of piyavit on various 
indicators of the hemostatic system during pregnancy. 
Thus, Kasennova [28] studied fibrinogen concentration, 
aPTT, platelet aggregation with adenosine diphosphate, 
prothrombin index, and thromboelastography in fetal growth 
retardation syndrome. Piyavit had a significant positive effect 
on all of these indicators. Piskunova [29] revealed a significant 
decrease in hyperaggregation induced by adrenaline, 
adenosine diphosphate, and collagen and a decrease in the 
concentration of fibrinogen and fibrin degradation products 
under the influence of piyavit.

Moreover, Mikhailova et al. [30] reported that piyavit 
has a positive effect on lipid metabolism, reduces blood 
hypercoagulation, and improves fibrinolytic activity. 
Thromboplastin and thrombin formation, coagulation time, 
total coagulation time, aPTT, prothrombin time, and clot lysis 
time increased significantly under the influence of piyavit, 
and fibrinogen concentration decreased. Thus, the authors 
concluded that piyavit can be recommended for use as part 
of complex therapy for diabetes mellitus.

Gilyazov and Samoilov [31] determined that in diabetic 
retinopathy (DR), with the use of piyavit, glycosylated 
hemoglobin and prothrombin index improved and clotting 
time decreased. Further, atherogenic low density lipoprotein 
concentration decreased and high density lipoprotein 
concentration increased.

BIOMARKERS OF DIABETIC 
RETINOPATHY

Diabetes mellitus is characterized by the development of 
metabolic disorders, hypercholesterolemia, and hemostatic 
system imbalance [32, 33]. As a result, microvasculature 
vessels, including the retina, are affected, leading to 
the development of DR [34]. Against this disease, some 
coagulogram parameters sharply increase (prothrombin 
index, fibrinogen concentration) and others decrease 
(INR, TT, aPTT). In addition, there is reliable evidence of a 
significant increase in the activity of the von Willebrand 
factor, antithrombin III, factor VIII, and protein C. The induced 

https://base.garant.ru/70344052
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In addition to studying the rheological properties of blood 
when using anticoagulants for the treatment of diabetic 
retinopathy, it is promising to determine the final stable 
metabolites of nitric oxide (eNOS), VEGF, and inflammatory 
activity (IL­6, IL­8) inducers in the lacrimal fluid. The listed 
research methods will help identify biomarkers necessary 
for a more accurate diagnosis of microvascular lesions in 
diabetes mellitus, including those in the retinal vessels.
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thrombodynamics test; however, they can also change the 
indicators of standard methods for determining coagulation 
activity [10, 11, 22–24]. Hirudins affect the coagulogram as 
a whole, anti­Xa activity, and platelet aggregation [27–31].  
In addition, many anticoagulants tend to reduce the 
concentration of pro­inflammatory cytokines, growth factors, 
and final metabolites of nitric oxide in blood serum, which 
may be a promising direction for determining these markers 
in tear fluid [4, 18–21].

Therefore, patients with DR, depending on the 
medications taken, require monitoring of coagulogram, factor 
Xa activity, and platelet aggregation as the main biomarkers 
of hemostatic imbalance. Additionally, the determination of 
interleukins (IL­6, IL­8), VEGF, and NO metabolites (eNOS) in 
tears may provide broader insight into the pathogenesis of 
this hazardous complication of diabetes.

CONCLUSION
It is difficult to answer the question of which indicators 

(biomarkers) are critical in monitoring the efficiency of 
anticoagulants for treating diabetic retinopathy. Depending on 
the drug used, different tests are applied. In hospital therapy, 
heparins are used for which control of the activated partial 
thromboplastin time is significant. At home, the most popular 
drug is warfarin; therefore, monitoring of the international 
normalized ratio is required, including the use of special 
portable test systems. When administering DOACs, tests for 
factor Xa activity and a standard coagulogram can be used. 
According to several studies, hirudins have a positive effect 
on platelet aggregation.
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