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Abstract. The mechanisms of development of many very common diseases (myocardial infarction, stroke, tumors, 
infectious pathology, and others) are associated with pathological changes in the hemostasis system. Understanding the 
pathophysiology of these changes is at the heart of proper diagnosis and effective treatment. This lecture, intended for 
medical students and doctors of various specialties, briefly summarizes the basic ideas about the structural components 
and mechanisms of the hemostasis system, presents the main groups of hemostasiopathies, describes the types, causes 
and mechanisms of the development of hemorrhagic diathesis, thrombophilic syndromes, thrombohemorrhagic syndrome.
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Резюме. Механизмы развития многих весьма распространенных заболеваний (инфаркт миокарда, инсульт, 
опухоли, инфекционная патология и др.) связаны с патологическими изменениями в системе гемостаза. По-
нимание патофизиологии этих нарушений лежит в основе правильной диагностики и эффективного лечения. 
В данной лекции, предназначенной для студентов медицинских вузов и врачей различных специальностей, 
кратко изложены базовые представления о структурных компонентах и механизмах функционирования системы 
гемостаза, представлены основные группы гемостазопатий, описаны виды, причины и механизмы развития 
геморрагических диатезов, тромбофилических синдромов, тромбогеморрагического синдрома. 
Ключевые слова: гемостаз, геморрагический синдром, тромбофилический синдром, тромбогеморрагический 
синдром

Hemostasis pathology plays an important role in me-
chanisms of development of many common diseases, in-
cluding those that are the most common causes of death 
worldwide, such as coronary heart disease (CHD), stroke, 
diabetes mellitus, tumors, infectious diseases, injuries, ob-

stetric and gynecological pathology, autoimmune diseases, 
hemorrhagic diathesis, etc. All types of shock also inevitably 
cause disturbances in hemostatic system. Thromboembolic 
complications, one of the severe consequences of hemo-
stasopathies, are the direct causes of death in 25% of fatal 
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outcomes worldwide [30, 31]. The prevalence and signifi-
cance of hemostasopathies creates the need to develop in 
medical students and doctors of various clinical specialties 
correct, based on modern scientific data, basic knowledge 
about structural components, functions, possible patho-
logies of hemostasis, the causes and mechanisms of their 
development and consequences. 

BRIEF DESCRIPTION OF HEMOSTASIS PHYSIOLOGY

It is possible to understand the pathology of hemostasis 
only on the basis of knowledge about its normal physiology. 
According to modern concepts, the hemostatic system is 
a set of structural components (so-called links) and finely 
balanced, partially antagonistic mechanisms that ensure the 
cessation of bleeding when the vascular wall is damaged, 
the local and reversible nature of thrombosis and the liquid 
state of blood and the integrity of blood vessels outside the 
damage [17, 18, 22, 23, 40]. By ensuring blood fluidity and 
integrity of bloodstream, regulating the aggregate state of 
blood [14], the hemostatic system forms dynamic space of 
internal environment of the body, largely determining ho-
meostasis. When the vascular wall is damaged, blood com-
position changes, or the nature of blood flow is disrupted 
(the classic Virchow triad, which determines the conditions 
for thrombus formation), thrombus formation mechanisms 
are activated in the hemostatic system, aimed at stopping 
bleeding and localizing the pathological process. These 
mechanisms ensure the formation of a barrier around the 
site of inflammation, and also participate in non-specific 
defense reactions and in the mechanisms of restoration of 
damaged tissue. Insufficiency or excess of these mecha-
nisms in pathological conditions can lead to the develop-
ment of hemorrhagic and thrombophilic syndromes, respec-
tively.

The main structural components of the hemostatic sys-
tem are three links: vascular, cellular and plasma. All three 
links interact closely with each other, ensuring a balance 
between the mechanisms of thromboresistance and the pro-
cesses of thrombus formation. In the vascular link, the key 
role is played by endothelial cells, lining the bloodstream 
from the inside and representing, due to the wide range 
of biologically active substances synthesized by them, a 
giant endocrine, paracrine and autocrine organ of the hu-
man body. Such an organ regulates the activity of platelets 
and leukocytes, tone and permeability of blood vessels, 
and activity of coagulation, anticoagulation and fibrinolytic 
systems [2, 18]. Physiologically, intact endothelium pro-
vides so-called thromboresistance by producing antiplatelet 
agents — NO, PgI2 (prostacyclin), ERF (endothelial relaxing 
factor); anticoagulants — glycosaminoglycans (heparan sul-

fate, dermatan sulfate, etc.), thrombomodulin, TFPI (tissue 
factor pathway inhibitor); fibrinolysis activators — t-PA (tis-
sue plasminogen activator) and u-PA (urokinase plasmino-
gen activator). When the vascular wall is damaged by exo-
genous and endogenous factors, it reacts with immediate 
spasm and turns into a powerful thrombogenic surface that 
activates platelets and coagulation cascade. The damaged 
endothelium begins to produce vasoconstrictors — endo-
thelin-1; aggregators — PAF (platelet activating factor); 
VWF (von Willebrand factor) — an adapter of platelet ad-
hesion to subendothelial collagen exposed as a result of 
da mage; TF (tissue factor), which triggers coagulation cas-
cade (produced primarily by subendothelial smooth muscle 
cells and fibroblasts); TFPI-1 and TFPI-2 (tissue plasmi-
nogen activator inhibitors), limiting fibrinolytic activity at the 
site of he mos tatic plug formation [1, 10, 11, 40].

Platelets are a key component of cellular link of he-
mostasis. They are the smallest, with a diameter of about 
3 μm, anuclear cellular elements of blood, formed during 
fragmentation of megakaryocytes localized in bone marrow 
and, as has been shown in modern studies, in microvessels 
of lungs [19, 20, 29]. The number of platelets in peripheral 
blood ranges from 180 to 400×109 per liter. The lifespan of 
platelets in the bloodstream is 7–10 days. Despite the ab-
sence of a nucleus and small size, the structure of platelets 
is very complex and surprisingly flexible. These are quite 
consistent with their diverse functions, which include not 
only hemostatic, but also trophic (primarily in relation to the 
vascular wall), participation in immune reactions, angioge-
nesis and regeneration [7, 19, 20, 25, 29, 32].

On the surface of platelets there is a wide range of re-
ceptors, the entire spectrum of which cannot be characte-
rized within the framework of this lecture. Some of these re-
ceptors are expressed and activated when the vascular wall 
is damaged and cause adhesion and aggregation, that is, 
platelets sticking to the site of damage to the vascular wall 
and sticking together, respectively. Of particular importance 
among these receptors, in light of the subsequent discussion 
of hemostatic defects, is transmembrane receptor comp lex 
GPIb-V-IX. On average, 25,000 such complexes are pre-
sent on the platelet membrane. The complex interacts with 
a von Willebrand factor. This factor acts as an adapter of 
platelet adhesion to subendothelial collagen exposed as a 
result of damage. Also it is involved in activation of plate-
lets and their interaction with coagulation factors FXI, FXII, 
high-molecular-weight kininogen (HMWK), and FVIIa. The 
role of glycoprotein receptor GPVI is also important, cau-
sing direct interaction of platelets with collagen (without in-
termediaries) at later stages of adhesion. In mechanisms of 
platelet aggregation, the key role is played by integrin recep-
tors GPIIb/IIIa (αIIbβIII). These receptors are present on the 
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surface of platelets in the greatest numbers. On average, 
there are about 80,000 receptors per platelet, with about 
40,000 copies stored in the α-granules and in the open ca-
nalicular system. In the absence of vascular wall damage, 
they are located on platelet membranes in an inactive con-
formation. They can be activated by collagen, podoplanin, 
thrombin, thromboxane A2, ADP, and epinephrine. In an ac-
tive open conformation, they interact with bivalent ligands: 
fibrinogen, VWF, fibronectin, vitronectin, which bind plate-
lets to each other [29, 32] (Fig. 1).

Platelets contain three types of granules in cytoplasm: 
α-granules, dense granules, and lysosomal granules. Their 
total number is about 70 per platelet. α-Granules are the 
most numerous (50–60 per platelet) and largest. These 
granules contain about 300 different proteins involved in 
coagulation, adhesion and aggregation of platelets, acting 
as receptors and growth factors, in particular fibrinogen, FV, 
P-selectin, platelet-derived growth factor, etc. Dense gra-
nules contain smaller molecules: ADP, ATP, serotonin, cal-
cium. Hydrolytic enzymes are present in lysosomal granules 
[19, 20].

At rest, in the absence of effects that threaten homeo-
stasis, platelets have a disc-shaped form. They are pushed 
by axial blood flow, represented by erythrocytes, to endo-
thelium, where platelets perform a trophic function, parti-
cipate in microcoagulation, maintaining thromboresistance. 
However, when damage occurs, platelets not only adhere 
to the site of vascular wall defect, but they are also activa-
ted. This is accompanied by a change in shape from discoid 
to process-like. A reaction of platelet release occurs in the 
form of secretion of granules content through an open ca-
nalicular system into blood and onto the platelet membrane. 
This enhances both platelet aggregation and activation and 
coagulation cascade by the positive feedback mechanism. 
The production of thromboxane A2 (TxA2) in platelets, an 
important stimulator of aggregation, also increases. The 
conformation of receptors changes. Phosphatidylserine is 
transferred from the inner bilayer of phospholipid membrane 
to the outer one, which causes a procoagulant surface for-
mation on platelet membrane [16, 29, 39] (Fig. 1).

In addition to platelets, other blood cells also play a signi-
ficant role in hemostasis. In particular, neutrophils participate 

Fig. 1. Mechanisms of platelet involvement in primary hemostasis [12]
Примечания/notes: ADP — аденозиндифосфат/adenosine diphosphate; TXA2 — тромбоксан A2/thromboxane A2; Gai — α-субъединица G-белка/the G-protein 
subunit; Gaq — αq-субъединица G-белка/the G-protein subunit; Gα12/13 — α12/13-субъединицы G-белка/the G-protein subunits; AC — аденилатциклаза/adenylate 
cyclase; PI3K — фосфоинозитид-3-киназа/phosphoinositide 3-kinase; PLCβ — фосфолипаза Cβ/phospholipase Cβ; PLCγ — фосфолипаза C γ/phospholipase С γ; 
PLA2 — фосфолипаза A2/ phospholipase A2; ROCK — Rho-ассоциированная протеинкиназа/Rho-associated protein kinase; IP3 — инозитол-3-фосфат/inositol-3-
phosphate; DAG — диацилглицерол/diacylglycerol; SFK — Src семейство киназ/Src family kinases; GP (IB, IIa, IIb V, VI, IX) — гликопротеины/glycoproteins; VWF — 
фактор фон Виллебранда/the von Willebrand factor; SGR — малый регулятор G-белка/small G-protein regulator; COX1 — циклооксигеназа 1/сyclooxygenase 1; 
TXAS — тромбоксан A2-синтаза/thromboxane A2 synthase
Рис. 1. Механизмы участия тромбоцитов в первичном гемостазе [12]
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in thrombus formation by interacting with platelet aggregates 
via P-selectin receptors on the platelet surface. Neutrophils 
adhere to damaged endothelium and are capab le of releasing 
nuclear chromatin into extracellular space, forming so-called 
neutrophil extracellular traps (NETs), which activate coagu-
lation. In 2004, this interes ting phenomenon was discovered 
by Brinkman et al. and named NETosis [34].

Erythrocytes are also important participants in the cel-
lular link of hemostasis, largely determining hemorheolo-
gical properties of blood. They can form aggregates with 
platelets, participating in the formation of red thrombi, re-
leasing ADP and TxA2, which stimulate platelet adhesion 
and aggregation, and suppressing fibrinolysis activity [41]. 
Mechanisms of participation of cellular and vascular links in 
stopping bleeding are conventionally called primary (vas-
cular-platelet) hemostasis.

The plasma link of hemostasis includes components 
of coagulation, anticoagulation and fibrinolysis. Com-

ponents of the coagulation system are represented by 
so-called coagulation factors: serine proteases that cas-
cade-activate each other, and their cofactors. Since the 
work of Morawitz (1905), a number of key stages have 
been identified in coagulation process: the release of tis-
sue factor (in past terminology, tissue thromboplastin), 
conversion of prothrombin (fII) by activated thromboplas-
tin into thrombin (fIIa) in the presence of calcium, and 
the conversion of fibrinogen (fI) into fibrin (fIa) under the 
action of thrombin. Formed in the 1960s the cascade mo-
del of coagulation characterizes stages of this process in 
more detail and distinguishes between the so-called in-
ternal, all components of which are present in the blood-
stream, and external, which is activated by TF coming 
from outside, pathways for the formation of prothrombi-
nase complex (Fig. 2). This model is quite suitable for 
describing the process of blood clotting in vitro, in par-
ticular during laboratory tests such as PT (prothrombin 

Fig. 2  Cascade coagulation model [23]
Рис. 2. Каскадная модель коагуляции [23]
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time) and APTT (activated partial thromboplastin time), 
and is therefore still relevant.

However, in the XXI century, ideas about mechanisms of 
blood coagulation in vivo have undergone serious revision, 
and a cell biological model of coagulation has been formed 
[21, 33, 38]. This model distinguishes three stages: initiation, 
amplification, and propagation. During initiation, smooth mus-
cle cells and fibroblasts exposed as a result of damage to 
the vascular wall endothelium express tissue factor, which 
binds to factor VII and activates it. The TF/VIIa complex pro-
teolytically activates small amounts of factors IX and X. FXa 
binds to FVa on the surface of TF-expressing cells to form 
a prothrombinase complex, which converts prothrombin to 
thrombin. During the amplification stage, a small amount of 
thrombin formed in the previous phase activates platelets ad-
hered to the site of vascular wall damage, and also activates 
FV, FVIII, and FXI. This closes the positive feedback loop, 
i.e., enhances thrombin formation. The propagation stage 
occurs on a procoagulant surface of activated platelets, rich 
in phosphatidylserine. Activated FXI activates FIX, which then 
activates FVIII on the platelet surface, forming the fIXa/fVIIIa 

tenase complex, which catalyzes formation of fXa. The pro-
thrombinase complex fXa/fVa then converts prothrombin to 
thrombin, which in turn catalyzes fibrin formation. In parallel, 
polyphosphates (Poly P) released by activated platelets can 
further stimulate activation of factor XII, factor V, and factor 
XI and inhibit thrombus lysis (Fig. 3). 

According to the cell biological model, the so-called 
intrinsic pathway serves to amplify extrinsic pathways. 
Three physiological triggers of intrinsic pathway have been 
identified, namely collagen, linear phosphate polymers 
(polyphosp hates), and neutrophil extracellular traps (NETs) 
[40]. The involvement of the coagulation system in stopping 
bleeding is conventionally called secondary coagulation he-
mostasis.

Сoagulation is restrained by the anticoagulation sys-
tem. It is represented by a whole set of protease inhibitor 
proteins found in plasma and causing a limited, localized 
nature of thrombus formation. These primarily include anti-
thrombin, heparin cofactor II, tissue factor pathway inhibitor 
(TFPI), C1 inhibitor, proteins C and S. Interestingly, throm-
bomodulin plays an important role in protein C activation. 

Fig. 3. Cellular model of coagulation (figure taken from [40]) 
Рис. 3. Клеточная  модель коагуляции (рисунок взят из [40]). TF — тканевой фактор; IIa — тромбин; Poly P — полифосфаты; 

Platelets — тромбоциты; Subendothelium — субэндотелий; Endotyelium — эндотелий
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It is a transmembrane protein found on endothelial cells. 
Thrombomodulin forms a complex with thrombin, which ac-
tivates protein C bound to a corresponding receptor on en-
dothelium. Thus, thrombin is used in this case as an activa-
tor of one of the important components of the anticoagulant 
system [40].

The reversibility of thrombosis is ensured by the fibrino-
lytic system. The key component of this system is plasmin 
(fibrinolysin), formed from plasminogen. The conversion 
of plasminogen to plasmin is catalyzed by plasminogen 
activators, among which the greatest importance is given 
to tissue plasminogen activators (t-PA, u-PA) produced by 
endothelium, monocytes, and megakaryocytes. Plasmin 
breaks down fibrin and fibrinogen. As a result, FDPs (fibrin 
and fibrinogen degradation products) are formed, some 
of which have properties of secondary anticoagulants and 
antithrombotics. For example, fragment Y competitively in-
hibits thrombin, fragments D and E inhibit platelet aggrega-
tion. Plasmin is also capable of breaking down a number 
of coagulation factors: V, VIII, XI, XII, XIII, FV. The process 
of plasmin formation is balanced by a number of inhibitors. 
These include plasminogen activator inhibitors (PAI-1, PAI-2, 
PAI-3), formed in endothelium, smooth muscle cells, plate-
lets, and inhibitors of plasmin itself, the most important of 
which is α2-antiplasmin, produced by the liver [23].

PATHOGENESIS OF HEMOSTASOPATHIES. GENERAL 
CONCEPTS. MAIN GROUPS OF HEMOSTASOPATHIES

Нemostatic system, thanks to the mechanisms of checks 
and balances under physiological conditions, a dynamic 
balance is maintained between mechanisms involved in 
stopping bleeding (primary and secondary hemostasis) and 
mechanisms causing thromboresistance (let’s call them an-
tihemostasis). Violation of this balance is the basis of hemo-
stasopathies. In principle, three variants of imbalance in the 
hemostatic system can be distinguished. The first variant is 
represented by conditions in which the mechanisms of stop-
ping bleeding for various reasons are insufficient in relation 
to the mechanisms of thromboresistance. The result of such 
imbalance is a tendency to increased bleeding (hemorrha-
gic diathesis — group I of hemostasopathies). The second 
variant is represented by a large group of hereditary and 
acquired disorders, in which mechanisms of thrombus for-
mation prevail over mechanisms of thrombus resistance. 
Such conditions, characterized by an increased tendency 
to thrombus formation, are called thrombophilic syndromes. 
If the hemostatic system was static, then variants of hemo-
stasopathies would be limited to this. However, in a dyna mic 
system, a third variant of imbalance is possible, a kind of 
“swing”. In this case, in the first phase, the balance is patho-

logically shifted towards mechanisms of thrombus formation 
with excessive uncontrolled generalized thrombus formation 
in vessels of various areas. During the second phase, a shift 
in the balance in the opposite direction is observed with the 
development of pathological deficiency of platelets and co-
agulation factors as a result of their excessive consumption. 
Because of this, a patient experiences increased bleeding 
(Fig. 3). The general name for group III of hemostasopa-
thies is thrombohemorrhagic syndrome. The most common 
example of this variant is DIC — disseminated intravascular 
coagulation syndrome.

Let’s take a closer look at each of the above three main 
groups of hemostasis.

BRIEF GENERAL CHARACTERISTICS 
OF HEMORRHAGIC DIATHESIS

Hemorrhagic diathesis is characterized by an increased 
tendency to bleeding and can develop as a result of patho-
logical defects in various parts of the hemostasis system: 
vascular, cellular and plasma. Hemorrhagic diathesis 
caused by defects of the vascular link is called vasopathy, 
of the cellular link — thrombocytopathy and thrombocy-
topenia, of the plasma link — coagulopathy. According to 
etiology, the three above-mentioned types of hemorrhagic 
diathesis can be hereditary and acquired. It is impossible 
to describe in detail the causes and mechanisms of all di-
seases characterized by increased bleeding in one lecture. 
It remains possible to characterize some of the most re-
levant mechanisms of damage to blood vessels, platelets, 
and the coagulation system.

Among mechanisms that damage the vascular wall and 
underlie hemorrhagic vasculitis, immunopathological ones 
are common. As a result of provoking factors’ actions (bac-
terial, viral, drug antigens) immune complexes are formed 
in predisposed patients, deposited in skin microvessels, 
kidneys, gastrointestinal tract and other areas. Immune 
complexes are capable of activating the complement sys-
tem and causing inflammation of the vascular wall with the 
development of bleeding. These mechanisms are the basis 
of Henoch–Schönlein purpura (infectious-allergic capillary 
toxicosis), which is very common in children and clinically 
manifests as purpura in the form of diffuse, fine-point, he-
morrhagic rash. Along with skin vessels, microvasculature 
of kidneys, gastrointestinal tract, and periarticular areas can 
be affected [28].

In addition to immunopathological mechanisms, a num-
ber of other factors can also lead to vascular wall damage: 
increased blood pressure, metabolic disorders, direct da-
maging effects of toxins, infectious agents, drugs, vitamin de-
ficiency, in particular vitamin C deficiency (scurvy). Vitamin C 
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is necessary for the post-translational modification of colla-
gen (hydroxylation of proline and lysine). Collagen plays an 
important role in the interaction of platelets with the vascular 
wall during so-called vascular-platelet hemostasis. Collagen 
defect leads to increased bleeding.

Hereditary collagen defects in Ehlers-Danlos syndrome 
and Marfan syndrome may also be accompanied by ble-
eding tendency. The most common hereditary vasopathy ac-
companied by hemorrhagic syndrome is Rendu–Osler–We-
ber disease (hereditary hemorrhagic telangiectasia) [23, 27].  
In the vast majority of cases, the disease is based on a de-
fect in genes located on chromosomes 9 and 12, enco ding 
endothelial membrane glycoprotein endoglin (type 1) and 
ACVR1 protein (formerly ALK-1) (type 2), which are involved 
in interaction with TGFβ (transforming growth factor β). As 
a result, patients experience vascular wall defects with dila-
tion of capillaries and venules, formation of telangiectasias, 
arteriovenous shunts, and a high risk of vascular wall rup-
ture and bleeding. Most patients (90% of cases) experience 
nosebleeds from pathologically dilated defective vessels 
of nasal mucosa. In addition, vessels of skin (75%), lungs 
(33–50%), liver (30%), gastrointestinal tract (15%), and the 
central nervous system (5–23%) may be affected [24].

Deficiency in the quantity (thrombocytopenia) and de-
fects in the quality (thrombocytopathy) of platelets underlie 
most hemorrhagic diathesis (up to 80%, according to Bar-
kagan Z.S.) [3]. Fundamentally, thrombocytopenia can result 
from increased destruction of platelets and/or their precur-
sors — megakaryocytes, increased consumption of platelets 
during thrombus formation, decreased production of plate-
lets in bone marrow (for example, in aplastic anemia), blood 
loss, sequestration of platelets in spleen [23].

The most common are destructive thrombocytopenias 
caused by immunopathological mechanisms. In adults, the 
most typical form of immunopathological thrombocytopenia 
is Werlhof’s disease (chronic immune thrombocytopenic pur-
pura), which most often affects women aged 20–30. In es-
sence, Werlhof’s disease is an autoimmune disease, when, 
for reasons not entirely clear, antibodies to normal antigens 
on the surface of platelets, in particular to GPIIb/IIIa aggrega-
tion receptors, are formed. Platelets labeled with antibodies 
are eliminated in spleen, severe thrombocytopenia (less than 
10–20×109/l) occurs, accompanied by nasal and gastrointesti-
nal bleeding, menorrhagia, petechiae, and ecchymosis on skin.

Immune thrombocytopenia is also common in children, 
often occurring after viral infections (rubella, chicken pox, 
influenza), vaccination, or taking medications (quinine, qui-
nidine, drugs with gold content, heparin). Unlike Werlhof’s 
disease, in this case the body of a sick child produces anti-
bodies against viral and other heteroantigens adsorbed on 
the surface of platelets. Since viral antigens are eliminated 

over time, immune thrombocytopenic purpura in children in 
80% of cases passes spontaneously within 2 months [23]. 
Immune thrombocytopenia can also occur in utero in a child 
with antigenic incompatibility of maternal and fetal platelets 
(isoimmune variant) or a mother with Werlhof’s disease 
(transimmune variant).

Important mechanisms of thrombocytopathies are he-
reditary defects of various structural components involved 
in platelet hemostasis. Considering the complexity of the 
structure of platelets, a fairly wide variety of hereditary de-
fects is observed. The most common hereditary disease 
leading to a disorder of not only platelet but also coagu-
lation hemostasis is von Willebrand disease. This disease 
is based on defects in a gene located in chromosome 12 
and encoding VWF. VWF is synthesized in endothelium and 
megakaryocytes, has a complex multimeric structure and 
is involved in processes of initial adhesion of platelets to 
subendothelial collagen, playing the role of an adapter and 
interacting, on the one hand, with collagen, on the other 
hand, with GPIb-V-IX receptors on the platelet surface. In 
addition, VWF binds to circulating factor VIII, stabilizing it 
and locali zing it at the site of activation of bleeding arrest 
mechanisms. In different forms of von Willebrand disease, 
a decrease in the total amount of VWF (occurs in 70%) or 
qualitative defects of various VWF domains are possible, 
causing various ratios of platelet and coagulation hemosta-
sis disorders. In essence, this variant of hemorrhagic dia-
thesis is combined with elements of vasopathy, thrombocy-
topathy, and coagulopathy [3, 6, 22, 23].

Interesting hereditary thrombocytopathies include Ber-
nard–Soulier syndrome, characterized by a defect in adhe-
sion receptors GPIb-V-IX, and Glanzmann thrombasthenia, 
caused by a defect in aggregation receptors GPIIb/IIIa. He-
reditary defects and deficiency of α-granules (gray platelet 
syndrome), deficiency of dense granules (Hermansky–Pud-
lak, Chediak-Higashi, Griscelli syndromes), defects in the 
phospholipids of the platelet membrane (Scott syndrome), 
etc. have been described [26, 35].

Acquired thrombocytopathy may occur against the back-
ground of uremia, paraproteinemia, and medication. A clas-
sic example is thrombocytopathy caused by aspirin. Aspirin 
blocks COX (cyclooxygenase), which reduces the synthesis 
of TxA2 in platelets, which in turn leads to a decrease in 
secretion of platelet granule contents and a decrease in ag-
gregation.

Blood coagulation disorders (coagulopathies) are caused 
primarily by hereditary and acquired coagulation factor de-
ficiencies or impaired activity. Among hereditary coagulo-
pathies, the most common, along with the above-mentioned 
von Willebrand disease, are hemophilia A and B, characte-
rized by a deficiency and/or impaired activity of coagulation 
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factors VIII and IX, respectively. Both hemophilias are inhe-
rited in a recessive X-linked manner and are clinically ma-
nifested by a very characteristic hematoma type of bleeding 
with a predominance of hemorrhages into large joints of the 
extremities (hematoses), under skin, and in muscles [3].

One of the most common causes of acquired coa-
gulopathies is vitamin K deficiency. This vitamin is fat-so-
luble, enters the body with food (greens, vegetables, beef 
liver, chicken meat), and is also formed by normal intes-
tinal microflora. It is necessary for the formation of active 
coagulation factors X, IX, VII, II, as well as the activation of 
anticoagulants proteins C and S. The mechanism of vitamin 
K-dependent activation consists of Υ-carboxylation of glu-
tamic acid residues of these proteins.  It is necessary for 
their binding to Ca2+ and phospholipids of platelet and en-
dothelial membranes. Vitamin K deficiency in the patient’s 
body can be associated with enteropathies and intestinal 
dysbacteriosis, impaired bile secretion and diseases of liver 
and pancreas, treatment with indirect anticoagulants [22].

Liver damage is the second most significant cause of 
acquired coagulopathies. Since the liver synthesizes most 
coagulation factors, liver disorders can lead to a deficiency 
of not only vitamin K-dependent factors, but also a number 
of others — V, I, XI, XIII.

Along with damage to coagulation system, increased 
bleeding can be caused by hereditary and acquired defects 
of fibrinolytic system, for example, hereditary deficiency of 
α2-antiplasmin, excessive formation of plasminogen activators, 
and insufficient inactivation of plasminogen activators [23].

GENERAL CHARACTERISTICS 
OF THROMBOPHILIC SYNDROMES 

Thrombophilias are hereditary and acquired disorders 
of hemostatic system, characterized by a predisposition to 
excessive, recurrent thrombus formation. It can be com-
plicated by vascular obstruction with the development of 
ischemia and infarction (thrombosis in arteries) and venous 
congestion (thrombosis in veins), as well as thromboem-
bolism, including its most formidable variant — pulmonary 
embolism (PE). In the 19th century, for understanding the 
mechanisms of thrombophilia, the so-called Virchow triad 
was formed. This triad is of enduring importance. According 
to the triad, to trigger the process of thrombus formation, the 
presence of at least one of three conditions is necessary: 
damage to the vascular wall, change in blood composition, 
and change in blood flow nature. Mechanisms of thrombo-
philia are always based on the action of one or more factors 
from this triad. The prominent Russian scientist Z.S. Bar-
kagan, depending on causes and mechanisms, identified 
10 groups of thrombophilic syndromes [4].

The first group includes so-called hemorheological 
forms, in which the tendency to thrombus formation is 
caused by blood thickening, as happens, for example, with 
true polycythemia.

The second group includes thrombophilias caused by an 
increase in the number of platelets and/or an increase in their 
adhesive and aggregation abilities. An increase in the number 
of platelets (thrombocytosis) can be primary (essential throm-
bocytosis) and secondary reactive, for example, in acute and 
chronic infections. An increase in adhesive and aggregation 
properties of platelets can be hereditary (syndrome of “vis-
cous” platelets) and acquired (in diabetes mellitus). Adhesion 
and aggregation of platelets can also increase due to hyper-
production or insufficient degradation of VWF [8].

The third group included forms caused by hereditary and 
acquired deficiency of anticoagulants: AT (antithrombin), 
proteins C and S, and TFPI.

The fourth group includes forms caused by hyperpro-
duction and anomalies of coagulation factors. Among these 
types of pathology, the most common is so-called Leiden 
mutation — a hereditary anomaly of factor V. It becomes 
resistant to the inhibitory action of protein C, as a result of 
which coagulation cascade is pathologically enhanced [27]. 
In the second place in frequency is hereditarily caused ex-
cess synthesis of coagulation factor II — prothrombin.

In the fifth group of thrombophilias, Z.S. Barkagan in-
cluded pathologies of the hemostatic system caused by 
hereditary and acquired decrease in fibrinolysis caused by 
insufficient production of tPA by endothelium or increased 
production of TFPI.

The sixth group includes metabolic thrombophilias that 
occur in atherosclerosis, diabetes mellitus, and hyperho-
mocysteinemia. The leading mechanism is endothelial dys-
function, accompanied by a decrease in its thromboresis-
tance [5, 18].

The seventh group includes autoimmune thrombophili-
as, among which the leading place is occupied by antiphos-
pholipid syndrome. This syndrome occurs in systemic lupus 
erythematosus, chronic viral infections, lymphomas and is 
characterized by the formation of a large number of auto-
antibodies to phospholipids of endothelial cell membranes, 
activated platelets, monocytes. As a result, an imbalance in 
the hemostasis system occurs, in 75% of cases manifested 
by thrombophilia, in 25% — increased bleeding.

The eighth group includes paraneoplastic thrombophili-
as accompanying oncological diseases. In pathogenesis of 
paraneoplastic thrombophilias, an important role is played 
by mechanisms associated with the disruption of structural 
and functional integrity of the endothelium by tumor cells; 
activation of platelets by tumor cells; increased synthesis 
of procoagulants and fibrinolysis inhibitors by tumor cells; 



LECTURES104

 RUSSIAN BIOMEDICAL RESEARCH VOL 9   N 2   2024 ISSN 2658-6584

and procoagulant activity of macrophages present in a tu-
mor area [13].

The ninth group includes iatrogenic thrombophilia, for 
example, caused by taking hormonal contraceptives. Estro-
gens included in these drugs increase the synthesis of the 
number of coagulation factors (II, V, VII, IX, X, XI) [15].

The tenth group included thrombophilias that arose from 
a combination of several of the above-mentioned disor-
ders. For example, the use of hormonal contraceptives by 
a patient with Leiden mutation increases the risk of venous 
thrombosis by 30–35 times, while the Leiden mutation itself 
increases the risk of thrombosis by 3–7 times [15, 27].

GENERAL CHARACTERISTICS 
OF THROMBOHEMORRHAGIC SYNDROME

In the study of thrombohemorrhagic syndrome, priori-
ty belongs to domestic researchers. In the first place are 
M.S. Machabeli, his colleagues and followers, who, since 
the 60s of the 20th century, have done a great deal of work 
to decipher its mechanisms and fully appreciate the general 
biological and general medical significance of this patholo-
gical process [3, 14].

Thrombohemorrhagic syndrome is represented in cli-
nical practice by a number of pathologies. First of all, it is 
represented by DIC, thrombotic thrombocytopenic purpura, 
hemolytic uremic syndrome, heparin-induced thrombotic 
thrombocytopenia, etc. Some diseases, referred to in this 
lecture as other types of hemostasopathies, for example, 

Henoch–Schönlein purpura and paraneoplastic thrombo-
philia, also gravitate towards thrombohemorrhagic syn-
drome in their pathogenesis [22, 27].

Thrombohemorrhagic syndrome is characterized by a 
phased total dynamic imbalance in all links of hemostatic 
system, which can be likened to the rocking the swing (pen-
dulum), when all attempts of the body (and sometimes the 
attending physician) to stabilize the situation in most cases 
lead to even greater amplitude of deviations (Fig. 4).

The trigger mechanism of thrombohemorrhagic syn-
drome is hyperactivation of one of the links of the hemosta-
sis system (coagulation, platelet, vascular) by exogenous 
and endogenous factors, leading to widespread, non-lo-
cal, uncontrolled thrombus formation. In this case, natural 
endogenous mechanisms (thromboresistance of vascular 
wall, coagulation inhibitors, fibrinolytic system), providing 
local and reversible thrombosis, prove ineffective. Exces-
sive widespread thrombus formation leads to characteristic 
consequences — ischemic damage to various organs, mul-
tiple organ failure. Subsequently, mechanisms of thrombus 
formation are depleted, the so-called consumption coagulo-
pathy occurs, characterized by thrombocytopenia, deficien-
cy of coagulation factors, activation of fibrinolytic system 
and clinically manifested by bleeding. This is the general 
picture of thrombohemorrhagic syndrome [3].

From the point of view of clinical practice, the most re-
levant and widespread variant of thrombohemorrhagic syn-
drome is DIC. It is always secondary and can develop as a 
complication of a wide range of diseases: sepsis (primarily 

Рис. 4. Дисбаланс в системе гемостаза при тромбогеморрагическом синдроме
Fig. 4. Imbalance in the hemostasis system in thrombohemorrhagic syndrome
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caused by gram-negative bacteria), a number of viral infec-
tions (including COVID-19), injuries, burns, surgeries, crush 
syndrome, massive hemolysis, pancreatitis, solid tumors, 
acute promyelocytic leukemia, obstetric pathology (prema-
ture placental abruption, amniotic fluid embolism, intraute-
rine fetal death), all types of shock, and poisonous snake 
bites. All of the above diseases are characterized by the re-
lease of a large number of procoagulants into blood, prima-
rily TF. This leads to hypercoagulation with the generation of 
excess amounts of thrombin, activation of platelets, produc-
tion of fibrin and the formation of a large number of throm-
bi in the vessels of the microvasculature of various areas 
[3, 9, 36, 37]. Conventionally, four stages of DIC syndrome 
are distinguished: Stage I — hypercoagulation and platelet 
activation; Stage II — transient with increasing coagulopa-
thy and thrombocytopenia; Stage III — deep hypocoagula-
tion caused by the consumption of coagulation factors and 
platelets; IV — recovery (or, in case of unfavorable course, 
the phase of outcomes and complications) [3, 14]. The 
course of DIC syndrome is quite diverse and can be both 
acute and chronic recurrent. The consequences are mainly 
reduced to the development of severe multiple organ failure 
(respiratory, renal, adrenal, hepatic) with a predo minance of 
damage to various organs depending on characteristics of 
an underlying disease.

Treatment of DIC syndrome is one of the most complex 
and still not fully resolved problems. It is very important for a 
clinician to understand the dynamic, staged nature of throm-
bohemorrhagic syndrome. Just as when swinging a swing, 
the same impact in magnitude and direction, produced at 
different times, can either increase the amplitude of swin-
ging or decrease it, so in treatment of DIC, the introduction of 
the same drug can have a beneficial effect if used in a timely 
manner and a harmful destructive effect if used untimely.

CONCLUSION

In conclusion, it is necessary to emphasize that with a 
high probability, almost every clinician will have to face the 
need to diagnose and treat hemostasis disorders. Success 
of treatment will largely depend on the doctor’s understan-
ding of pathophysiology of hemostasopathies.
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