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Abstract

Disseminated Intravascular Coagulation (DIC) is a set of clinical manifestations of systemic thrombohemorrhagia. Despite the
existence of numerous guidelines for the diagnosis and treatment of DIC, mortality from this condition remains high, ranging
from 45% to 78%. The purpose of this study is to analyze the key provisions of leading guidelines and articles dedicated to the
prevention, diagnosis, and treatment of DIC. During the study of conceptual errors were identified in the presented guidelines
and articles, leading to false principles in the diagnosis, prevention and treatment of DIC. A deep, comprehensive understanding
of the functioning of the coagulation system, based on fundamental knowledge, of keys to the correct assessment of its state
and the choice of the most effective therapy method. The principles of diagnosis, prevention and treatment of DIC should be
based on the pathophysiology of a coagulopathy development, clinical data, laboratory and instrumental studies, as well as an
understanding of the mechanisms of action of therapeutic agents, taking into account an individual approach. Only the section
on clinical transfusiology can provide the necessary professional knowledge on this topic and a clinical transfusiologist is
capable of diagnosing, preventing and if necessary, effectively correcting hemostasis in Disseminated Intravascular Coagulation
(DIC).
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Abbreviations Introduction

DIC: Disseminated Intravascular Coagulation; BCSH: British
Committee for Standards in Haematology; JSTH: Japanese
Society on Thrombosis and Hemostasis; SSC: Scientific and
Standardization Committee; ISTH: International Society on
Thrombosis and Hemostasis.

Disseminated Intravascular Coagulation (DIC) is a
syndrome characterized by systemic activation of the blood
coagulation system, leading to the formation of intravascular
thrombin and fibrin, disruption of microcirculation in
all organs and tissues, and subsequent development of
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increased bleeding [1,2]. For better understanding, the
most concise and comprehensive definition of DIC is the
following: DIC is a set of clinical manifestations of systemic
thrombohemorrhagia. This formulation contains key
information. The first important phrase is “a set of clinical
manifestations.” This means that for the timely and rapid
diagnosis of DIC, determining specific laboratory markers
is not necessary; only the presence of a characteristic set
of clinical symptoms is sufficient, which will be described
in detail later. The second key phrase is “systemic
thrombohemorrhagia.” This indicates that the processes of
thrombosis and hemorrhage are not only systemic in nature
but also follow a strict sequence. Initially, the coagulation
system is activated, leading to the formation of multiple
microthrombi in the capillaries (hypercoagulation phase).
Then, due to the activation of the fibrinolytic system, the
microthrombi are destroyed, resulting in the formation
of a large amount of their degradation products. This
creates the conditions for the gradual transition from the
hypercoagulation phase to the hypocoagulation phase.
The latter is clinically characterized by the appearance of
increased bleeding (hemorrhage).

DIC syndrome can develop as a complication of
infections, solid tumors, hematological malignancies,
obstetric pathologies, trauma, aneurysms, liver diseases, and
other conditions, each of which has its own characteristics
related to the underlying disease. Therefore, the diagnosis
and treatment of DIC should take these features into account.

To date, there are three main guidelines for the diagnosis
and treatment of DIC [3-5]. The first guideline was issued
by the British Committee for Standards in Haematology
(BCSH). The second was published by the Japanese
Society on Thrombosis and Hemostasis (JSTH). The third
was developed by the Italian Society on Thrombosis and
Hemostasis (SISET). Despite their similarities, there are
differences in the recommendations for the treatment of DIC.
The DIC Subcommittee of the Scientific and Standardization
Committee (SSC) of the International Society on Thrombosis
and Hemostasis (ISTH) consolidated these guidelines in
a report titled “Guidance on the Diagnosis and Treatment
of DIC” harmonizing the recommendations of all three
guidelines [6]. The analysis of these guidelines raised many
questions regarding the diagnosis, prevention, and treatment
of DIC. The main objective of this study is to analyze the
key provisions of the leading guidelines and publications
dedicated to the diagnosis, prevention, and treatment of DIC.

Pathophysiological Aspects of DIC

The authors of the presented guidelines, as well as some
scientific articles, assert that hemostatic disorders in patients
with DIC syndrome result from the sum of the actions of
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hypercoagulation and hyperfibrinolysis vectors. When
the hyperfibrinolysis vector is pronounced and dominant,
bleeding is the main symptom, and this type is referred to as
hyperfibrinolysis-dominant DIC [2-5,7,8].

This assertion is not only incorrect and misleading for
clinicians, but it also contributes to a series of errors in
the diagnosis and treatment of DIC. It is unclear what the
authors mean by the sum of vectors. It should be reminded
that hemostasis is ensured not by individual vectors but by
the complex and coordinated work of numerous systems
that maintain balance among the regulatory mechanisms of
hemostasis. Speaking of blood systems, the main ones among
them are the coagulation, anticoagulation, and fibrinolytic
systems. It is important to note that the functioning of
the first two systems directly depends on platelets. The
number and functional activity of platelets determine the
efficiency of the coagulation and anticoagulation systems
of the blood. Additionally, it should be understood that the
same mechanisms that initiate the coagulation process also
activate factors of the blood’s anticoagulation system.

To better understand this, let’s consider the interaction
between the blood’s coagulation and anticoagulation systems
using a simplified example. On one hand, the formation of
thrombin initiates the process of fibrin monomer complex
polymerization and the conversion of fibrinogen into
the soluble form of fibrin. On the other hand, the formed
thrombin, via thrombomodulin, activates the anticoagulant
protein C, which hydrolyzes plasma factors V and VIII,
ultimately limiting and regulating the blood coagulation
process. As this example illustrates, when the coagulation
and anticoagulation systems of the blood are balanced, the
body does not need to activate the fibrinolytic system. The
fibrinolytic system functions in a “normal” mode, which is
confirmed by laboratory data showing reference values for
D-dimer levels.

The exceptionisisolated pathology within the fibrinolytic
system. The assertion that bleeding is the main symptom
when the hyperfibrinolysis vector is pronounced and
dominant seems correct at first glance. However, in essence,
this statement is incorrect and misleading for clinicians,
which subsequently leads to improper treatment strategies
for DIC. For example, in many protocols and publications,
the use of lysine-containing fibrinolysis inhibitors is
recommended.

However, hyperfibrinolysis itself is not the cause of
bleeding. Moreover, there are primary and secondary
hyperfibrinolysis. Primary hyperfibrinolysis is caused by
hyperplasminemia when a large amount of plasminogen
activators enters the blood. In this case, increased
bleeding may not be observed at all (Figure 1). Secondary
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hyperfibrinolysis develops in response to intravascular
blood coagulation triggered by the entry of thromboplastic
substances into the bloodstream (Figure 2). Plasminogen
activators convert plasminogen into plasmin, which then
causes the proteolysis of fibrin. As a result of proteolysis,
fibrin degradation products (FDP) appear in the bloodstream.
One of the reliable indicators of FDP is the D-dimer.

Figures 1 & 2 clearly demonstrate that even with the
presence of hyperfibrinolysis and elevated levels of D-dimers,
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the hemostatic system can remain balanced. Therefore, the
authors’ assertion that bleeding is the primary symptom of
hyperfibrinolysis is not correctly stated.

Secondary hyperfibrinolysis is a protective response of
the body to thrombus formation activation. The primary goal
of hyperfibrinolysis is to preserve the patient’s life by timely
dissolution of hemorrhagic clots and ensuring vessel patency
(recanalization).

Figure 1: Clinical example of primary hyperfibrinolysis on TEG. Note: D-Dimer - 950 pg/1.

Figure 2: Clinical example of secondary hyperfibrinolysis on TEG. Note: D-Dimer - 700 pg/1.

However, it is important to understand the downside
of hyperfibrinolysis as well. Hyperfibrinolysis results in the
formation of a large number of fibrin degradation products
(FDPs). It is the increase in FDPs that is the primary cause
of heightened bleeding tendency and the development of
the hypocoagulable phase of disseminated intravascular

FDP elimination occurs through phagocytosis. Therefore,
the level of FDPs in the blood is directly dependent
on the activity of phagocytes and the function of the
reticuloendothelial system. The prolonged circulation oflarge
amounts of D-dimers in the blood is one of the main reasons
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coagulation (DIC). FDPs inhibit the polymerization of fibrin-
monomer complexes and also suppress platelet function.
The mismatch between the increased levels of FDPs and the
body’s ability to eliminate them is the main and primary
cause of the hypocoagulable phase of DIC (Figure 3).

for recurrent bleeding in DIC. Thus, immunodeficiency,
which inevitably arises from multi-organ failure syndrome,
polypharmacy, or various iatrogenic factors, is a major
reason for the reduced effectiveness of DIC treatment.
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g/L; Fibrinogen - 4.54 g/L; D-Dimer - 2500 pg/L).

Figure 3: Clinical example of the development of the hypocoagulable phase of DIC on TEG (Platelets - 218 x 109/L; Hb - 129

It is important to recognize that the use of serine
protease inhibitors and lysine-containing amino acids only
prolongs the thrombolysis process and thereby prevents a
sharp increase in FDP concentrations in the blood. However,
pathophysiologically, this does not fundamentally resolve
the problem, due to various objective reasons. Thus, the
dominance ofthe hyperfibrinolysis vectorisnotadetermining
factor in the development of bleeding disorders, as suggested
by the authors of the guidelines. Please note the difference in
statements. Ultimately, clinicians’ understanding of this issue
determines their ability to provide an adequate, personalized
approach to the comprehensive diagnosis and treatment of
DIC.

Another incorrect assertion in the guidelines and
articles is that elevated levels of cytokines [9,10] and

lipopolysaccharides (LPS) [2,8] in the blood inhibit
plasminogen activator inhibitor I (PAI-I), which ultimately
suppresses fibrinolysis in DIC. It should be noted that the
cytokine storm causes endothelial dysfunction rather than
inhibiting plasminogen activators, as claimed by the authors.
Indeed, endothelial cell damage can lead to reduced levels
of tissue plasminogen activators (TPA). However, the authors
overlook the fact that the fibrinolytic system is supported
by more than just TPA. In addition to TPA, there are a range
of internal fibrinolytic factors, the urokinase system, and
bacterial fibrinolysis activators. On the contrary, during
the hypercoagulable phase of DIC, there is a compensatory
gradual increase in fibrinolysis, rather than a decrease. This
is supported by the laboratory increase in D-dimer levels
(Figure 4).

Figure 4: Clinical example of fibrinolysis activation during the transition from the hypercoagulable phase to the hypocoagulable
phase of DIC on TEG (D-Dimer - 1150 pg/L, Antithrombin III - 75%).
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The authors further examine the activation of neutrophil
extracellular traps (NETs) as one of the pathophysiological
causes of DIC in sepsis [11]. NETs release DNA with histones,
neutrophil elastase, and cathepsin G to capture and destroy
pathogens. It should be noted that elastase and cathepsin
G are enzymes of the serine protease family. Subsequently,
histones contribute to apoptosis of vascular endothelial cells
and cause platelet aggregation [12]. Neutrophil elastase and
cathepsin G degrade tissue factor pathway inhibitor (TFPI),
which promotes thrombus formation [13]. If histones indeed
induced apoptosis of vascular endothelial cells, as claimed
by the authors, clinical symptoms of disseminated thrombus
formation in the capillary network would not be observed,
and hyperfibrinolysis would not be recorded. Increased
bleeding would be attributed to a deficiency of factors VIII
and von Willebrand, against the background of normal or
slightly elevated levels of fibrin degradation products (FDP).
To date, such data are absent in the literature.

However, if such information were to appear at some
point, from a pathophysiological perspective, this would be
a form of coagulopathy, but not disseminated intravascular
coagulation (DIC). The authors also fail to consider the fact
that NET activation occurs under the influence of superoxide
radicals. Superoxide radicals bind to NO, forming a toxic
substance - peroxynitrite.

The latter directly damages the vascular endothelium,
leading to dysfunction. As a result, the blood coagulation
system is activated, and clinical signs of the hypercoagulation
phase of DIC emerge. Meanwhile, neutrophil elastase and
cathepsin G, which are enzymes of the serine protease family,
contribute not to thrombus formation, as the authors suggest,
but rather to the enhancement of fibrinolysis processes.

Thus, the claim that activation of neutrophil extracellular
traps (NETs) is one of the pathophysiological causes of DIC in
sepsis does not fully correspond to reality.

On the Transfusion of Red Blood Cells or
Whole “Warm” Blood in the Treatment of
DIC

The authors of clinical guidelines mistakenly believe that
failing to transfuse a sufficient amount of blood in severe
hemorrhage caused by DIC will result in the patient’s death.
Hemic hypoxia cannot be a cause of DIC, unlike circulatory
hypoxia, and patient death is a consequence of a deficiency in
oxygen carriers. To date, there is no scientific study confirming
that a patient died from hemic hypoxia. Furthermore, from a
pathophysiological perspective, such scientific evidence is
impossible due to the nature of massive blood loss. Massive
bleeding can indeed lead to the development of DIC, but the
mechanism is primarily due to circulatory hypoxia rather
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than hemic hypoxia [14]. Hemic and circulatory hypoxia
are two different types of hypoxia. Misunderstanding this
distinction leads to erroneous treatment strategies for DIC
involving the transfusion of red blood cell components.
Moreover, the unwarranted transfusion of red blood cell
components or whole “warm” blood, which some clinicians
have recently started to promote and implement, is not only
extremely dangerous and harmful but also one of the causes
of DIC.

On the Asymptomatic Type of DIC

According to the definition of DIC, the claim of an
asymptomatic type, as referenced by the authors [15,16], is
pathophysiologically incorrect. The term “DIC” itself reflects
its core nature - disseminated intravascular coagulation.
Microthrombi form in almost all organs and tissues at the
capillary level, which inevitably has a negative impact on
the patient’s clinical condition and laboratory results to
some extent. For example, during the first phase of DIC (the
hypercoagulable phase), patients exhibit clinical signs of
DIC-related encephalopathy, cardiomyopathy, pneumonitis,
liver function abnormalities, renal tubular dysfunction, and
clinical signs of enteropathy and intestinal motility disorders.
Therefore, it is incorrect to speak of an asymptomatic form of
DIC.

On the other hand, there are patients with congenital
or acquired hypercoagulable syndrome. In hypercoagulable
syndrome, laboratory tests show reduced blood clotting
time and prolonged fibrinolysis time. It is important to
understand that, unlike the hypercoagulable phase of DIC,
hypercoagulable syndrome can be clinically asymptomatic.
It can be detected only through laboratory or instrumental
methods for assessing the coagulation system. Undoubtedly,
hypercoagulable syndrome increases the risk of developing
DIC.

The presence of hypercoagulable syndrome not only
requires an expansion of methods for monitoring hemostatic
parameters but also suggests a highly personalized approach
to the prevention and treatment of DIC. In cases of acquired
hypercoagulable syndrome, DIC prevention should focus
on blocking or inhibiting the etiological factors that caused
hypercoagulation, as well as creating adverse conditions for
the development of the pathophysiological mechanisms of
DIC.

It is likely that the authors referred to hypercoagulable
syndrome, which indeed can be clinically asymptomatic.
However, labeling it as an asymptomatic type of DIC or pre-DIC
[4,16] is incorrect and misleading for clinicians. Ultimately,
this inaccuracy contributes to the development of erroneous
approaches to the diagnosis, prevention, and treatment of DIC.
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On Standards and Protocols for DIC
Treatment

Clinicians must understand that standard methods for
treating DIC do not exist and cannot exist due to objective
reasons, despite the presence of continually updated
protocols. There are only fundamental treatment principles
based on a deep understanding of the mechanisms
underlying coagulopathy. Treatment of DIC should be
individualized for each clinical case, considering the etiology
and pathogenesis of the coagulopathy, and should focus
on comprehensive support of compensatory hemostatic
mechanisms. Monitoring of hemostatic parameters should
not rely on standard analytical schemes. It is important to
consider only those parameters whose changes have clinical
significance for the specific patient. Ignoring these principles
and adhering to “blind” treatment standards objectively
increases the risk of acute DIC transitioning into recurrent or
chronic forms, which can lead to adverse outcomes.

DIC in Solid Tumors

There is evidence that patients with DIC caused by
sepsis, hematologic malignancies, or obstetric conditions
can be successfully treated for DIC, whereas DIC syndrome
associated with solid cancer may not respond to standard
treatment [17]. Unfortunately, the authors do not highlight
the primary reasons underlying the complexity of such
treatment, leading to the omission of key aspects of therapy.
Clinicians must understand that, from a pathophysiological
perspective, the complexity of treating DIC associated with
solid tumors is primarily due to the following factors:

1. Someformsofcancerarecapableofexpressingprocoagulant
proteins such as tissue factor (TF), cysteine protease (CP),
factor VII, procoagulant microparticles (MP), inflammatory
cytokines, proangiogenic factors, and producing adhesive
molecules that bind platelets, endothelial cells, and
leukocytes either through the secretion of soluble factors
or via direct adhesive contact [18,19].

2. Overexpression of plasminogen activator inhibitor 2
(PAI 2) is observed in various tumor types. Plasminogen
activator inhibitor 2 (PAI 2) is an important regulator of
plasminogen activity.

3. Tumor cells secrete heparanase, which activates factor X
and inactivates TF inhibitor [20].

4. From a pathophysiological perspective, these listed
factors are key determinants in the specific treatment
characteristics of DIC in solid tumors.

Mechanisms of DIC Formation and Its
Difference from Thromboembolism

The formation of DIC is based on Virchow’s triad: reduced
blood flow velocity, endothelial dysfunction, and activation
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of the blood coagulation system. Any pathological condition
that promotes the development of at least one of these factors
can lead to the onset of DIC. It is important not to confuse
DIC with other coagulation system disorders, where either
hypercoagulation or hypocoagulation initially predominates.
This distinction is critically important, as many authors
mistakenly equate DIC with isolated symptoms of increased
bleeding or thrombosis. DIC is a pathological condition of
the hemostatic system in which, in the early stages, a large
number of microthrombi form in the capillaries of all organs
and tissues. Ultimately, this leads to impaired tissue nutrition
and the dysfunction of various organs.

Distinguishing DIC from Thromboembolic
Disease

It is also important to differentiate DIC from
thromboembolic disease. Unlike DIC, thromboembolism
involves the formation of one or several clots in a specific
area of blood circulation, typically not in the capillaries but
in larger vessels.

Diagnosis of DIC: Proposed Criteria and Scoring System

Various clinical conditions can influence the laboratory
parameters commonly used for diagnosing DIC. These
parameters include general coagulation tests, platelet
count, prothrombin time (PT), fibrinogen levels, and
fibrin degradation products (FDP). To facilitate the
diagnostic process for DIC, each of four different guidelines
recommends using a scoring system [3-6]. The guidelines
present three different diagnostic criteria, which include
similar global coagulation tests, as established by ISTH/SSC
[1], the Japanese Ministry of Health, Labour, and Welfare
(JMHLW) [21], and the Japanese Association for Acute
Medicine (JAAM) [22]. It has been reported that the JMHLW
score correlates well with the severity of DIC and can be used
to predict the outcome of the disease [15]. The ISTH overt
DIC score is useful and specific for diagnosing DIC of both
infectious and non-infectious etiologies [23,24]. The JAAM
score is sensitive for detecting septic DIC and correlates
with the ISTH and JMHLW scores and the disease outcome
[22,23]. However, a prospective study conducted in Japan
found no significant differences in the predictive odds
for DIC outcomes among these three diagnostic criteria
[25], suggesting that in addition to using scoring systems,
the identification of hemostatic molecular markers and
changes in global coagulation tests is necessary. Therefore,
some authors confidently recommend using combinations
of tests repeated over time in patients suspected of having
DIC syndrome [26-28]. A template for a scoring system for
non-overt DIC has been proposed, which includes global
coagulation tests, changes in general coagulation tests,
and hemostatic molecular markers [1,29,30]. The author’s
state that the bleeding type of DIC can be easily diagnosed
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using the ISTH overt-DIC criteria [1] and JMHLW [21], while
the organ failure type of DIC is diagnosed according to the
JAAM diagnostic criteria [22]. The massive bleeding type
of DIC can be diagnosed using any of the three diagnostic
criteria [1,21,22]; however, these criteria are insufficient for
diagnosing the asymptomatic type of DIC. Diagnosing the
asymptomatic type of DIC requires the use of hemostatic
molecular markers [7].

It is evident that the presented information creates
significant confusion among clinicians, primarily due to
the lack of clarity regarding the practical significance and
specificity of the proposed diagnostic criteria. The role
of hemostatic molecular markers, which are supposed to
complement the DIC scoring system, remains uncertain.
Moreover, the scoring system for diagnosing DIC proposed by
the authors raises concerns for objective reasons. Assessing
the state of hemostasis solely based on coagulation tests is
fundamentally impossible [31]. For example, diagnosing
the hypercoagulable phase of DIC does not require
coagulation data or platelet counts, as these parameters
often do not correlate with the severity of the condition.
The hypercoagulable phase of DIC manifests clinical signs of
microcirculation disturbances in various organs and tissues
from the early stages. Clinicians must understand that
coagulation tests or specific blood coagulation markers are
not necessary for diagnosing DIC phases [31]. Laboratory
and instrumental methods for studying hemostasis are
mainly required to monitor therapy effectiveness, adjust
drug dosages, and select appropriate treatment methods. For
diagnosing the phases of DIC, clinical data, blood clotting time
by the Lee-White method, or TEG indicators are sufficient.

Laboratory Tests

According to the information presented in the referenced
guidelines and publications, global coagulation tests are
considered important for assessing the degree of activation
and consumption of coagulation factors. However, the authors
note that prothrombin time is prolonged in approximately
50% of patients with DIC [26]. Additionally, deviations in
this parameter are also frequently observed in patients with
liver disease or vitamin K deficiency. Therefore, the authors
emphasize that a sensitive indicator of DIC is a decrease in
platelet count or a clear trend towards a decrease [4].

This statement creates confusion, as a decrease in
platelets can also be observed in patients with bone marrow
disorders, antiphospholipid syndrome, microangiopathic
hemolytic anemia, etc. This underscores the need for clarity
for clinicians.

It is important to understand that the causes of platelet
count reduction in DIC and bone marrow disorders differ.
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Furthermore, in DIC, the laboratory decrease in platelet count
may be minimal, but platelet function can be significantly
impaired. For example, in acute promyelocytic leukemia,
the platelet count may be over 80-100x10°/L. However, the
patient may clinically exhibit increased bleeding, and the
hypocoagulable phase of DIC may be registered on TEG. In
contrast, in aplastic thrombocytopenia, when the platelet
count is 20-30x10°/L, there may be no observed hemostatic
disorders at all. Additionally, the authors do not take into
accountthe existence of various types of thrombocytopathies,
where the platelet count does not correlate with the severity
of coagulopathy.

The next laboratory parameter for diagnosing DIC
that the authors point out is a decrease in fibrinogen
levels. They assert that its level is a valuable indicator for
diagnosing DIC caused by leukemia or obstetric conditions.
However, it is not observed in the majority of patients
with septic DIC syndrome [4]. Authors of guidelines and
scientific publications on the prevention and treatment of
DIC should consider that fibrinogen levels are often not a
reliable diagnostic indicator for this condition. For example,
in acquired dysfibrinogenemia, which develops in cases of
multiple organ failure, autoimmune and allergic diseases,
hepatitis, sepsis, and other conditions, fibrinogen levels in
the blood may remain normal or elevated despite clinical,
laboratory, and instrumental signs of hypocoagulation.
This is due to changes in the monomeric structure of the
fibrinogen molecule that occur with dysfibrinogenemia.
As a result, these monomers cannot polymerize into fully
functional fibrin structures, which, in turn, suppresses
platelet aggregation function.

The Role of Antithrombin III and Protein C
in Diagnosing Disseminated Intravascular
Coagulation (DIC)

The guidelines often cite scientific studies emphasizing
that patients with DIC exhibit reduced levels of natural
anticoagulants such as antithrombin (AT) and Protein C. This
is indeed the case; however, it is important to note that it is
not DIC that causes their reduction, but rather the reduction
in their activity that often leads to the development of DIC.
The distinction between these formulations is significant
and affects the choice of the appropriate prevention and
treatment algorithms for DIC. Ultimately, this is confirmed
by the authors of the guidelines and publications themselves.
They note that DIC often resolves spontaneously with
appropriate treatment of the underlying condition [32-39].

Another inaccuracy in the formulation is that many
authors emphasize the importance of determining
antithrombin III (AT) activity to achieve the full effectiveness
of unfractionated heparin [3-6,33]. This can mislead
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clinicians. Upon reading such information, clinicians may
prefer low molecular weight heparins over unfractionated
heparins for treating DIC. A small but important clarification
is needed. The necessity of determining AT activity applies to
all heparin-like drugs, including both unfractionated and low
molecular weight heparins.

Assessment of ADAMTS13 Activity in
Conjunction with Coagulation Profile

The guidelines and publications reviewed indicate that
decreased ADAMTS13 activity and elevated levels of soluble
thrombomodulin (TM), PAI-], and von Willebrand factor are
often observed in patients with disseminated intravascular
coagulation (DIC) and have prognostic significance [40-42].
It has been shown that the biphasic waveform of activated
partial thromboplastin time (APTT) is associated with DIC
and apparently has positive prognostic value for the disease
[43,44]. Although many promising DIC markers have been
reported, no single marker can be used alone for diagnosing
DIC.

Thus, the four guidelines mentioned above [3-6]
recommend that DIC should not be diagnosed based solely
on the level of a single marker but rather on a combination of
laboratory markers. Among the four types of DIC, important
parameters for diagnosing DIC with massive bleeding
include prothrombin time (PT), fibrinogen, and platelets,
while for identifying the bleeding type of DIC, fibrinogen,
FDP, and the plasminogen-plasmin inhibitor complex (PPIC)
are crucial. Meanwhile, platelets, PT, and antithrombin (AT)
are important for diagnosing the organ failure type of DIC,
whereas hemostatic molecular markers such as soluble
fibrin (SF) and the thrombin-AT complex are significant for
diagnosing the asymptomatic type of DIC.

The combination of laboratory markers proposed by the
authors for diagnosing DIC is of limited effectiveness and will
inherently never fully reflect the true state of hemostasis.
This issue is not related to the choice of specific laboratory
markers. Coagulation profiles and platelet levels provide
only a partial understanding of the potential of laboratory
parameters to regulate the blood coagulation system.
However, this does not mean that these parameters can
effectively ensure hemostasis [31].

The authors focus primarily on finding a combination
of key hemostasis laboratory markers. Unfortunately, this
approach completely ignores the data from instrumental
methods of hemostasis assessment. Unlike the combination
of coagulation markers, instrumental methods allow not
only a comprehensive objective evaluation of hemostasis
in action but also separate assessments of the coagulation,
anticoagulation, and fibrinolytic systems [31].
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Additionally, it is important to note that the hemostasis
markers proposed by the authors change not only in DIC. For
instance, decreased ADAMTS13 activity, which the authors
refertoin diagnosing DIC, also occursin other coagulopathies.
Examples include thrombotic thrombocytopenic purpura,
hemolytic-uremic syndrome, Apshuz-Schulman syndrome,
microangiopathic hemolytic anemia, and others. Therefore,
these recommendations introduce discord in the clinical
understanding of processes regulating hemostasis and create
confusion in the diagnosis and monitoring of hemostatic
status.

Key Approaches to the Treatment of DIC

This article does not aim to provide a detailed description
of all possible treatment options for DIC. There can be
numerous treatment options. It is important to understand
that the choice of therapy, dosage, and number of medications
must strictly adhere to the principles of a personalized
approach. However, the fundamental approaches to DIC
therapy remain unchanged and will be discussed further as
primary tasks and priorities.

Unfortunately, in the reviewed recommendations and
articles, the treatment strategy for DIC is often contradictory
and based on incorrect assertions. For instance, all four
guidelines [3-6] emphasize that treating the underlying
disorders is a cornerstone of DIC therapy. At the same time,
they also note that, to date, there is no high-quality evidence
supporting the effectiveness of treating the underlying
disorder in patients with DIC.

Authors of the articles assert that DIC often resolves
spontaneously with appropriate treatment of the underlying
disease [32-39]. This is difficult to disagree with. However,
the phrase “appropriate treatment” is too general and
does not provide specific recommendations for clinicians.
Furthermore, unfortunately, the diagnosis, prevention,
and treatment of DIC are often managed by non-specialist
physicians (internists, cardiologists, surgeons, obstetricians-
gynecologists, anesthesiologists, intensive care specialists,
etc.). Even more concerning is the absence of clinical
transfusion specialists among the authors of clinical
guidelines and scientific articles. Ultimately, all these factors
objectively contribute to the high mortality rate from DIC,
which currently ranges from 45% to 78% [45].

Clinicians must understand that diagnosing, preventing,
and treating DIC require not only skills in comprehensive
analysis of indicators but also a personalized approach to each
patient. Fundamental knowledge of the blood coagulation
system, understanding of the pathophysiological mechanisms
of hemostatic disorders, and the ability to analyze clinical,
laboratory, and instrumental data are essential for timely
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diagnosis, effective prevention, and therapy of DIC.

Existingrecommendations and protocols for the treatment
of DIC primarily consist of a simple enumeration of methods
and means for correcting hemostasis. All clinical guidelines for
diagnosing and treating coagulopathies follow the same logical
sequence - there is a patient with an underlying condition,
associated pathology, clinical risk factors, recommended
doses, and specific medications. However, this sequence omits
two crucial elements as if they are irrelevant: the indicators
of the vascular-platelet hemostasis that will be targeted by
the therapy, and the absence of comprehensive monitoring
and personalized dynamic assessment of the effectiveness
of the therapy being conducted. It seems that the developers
of clinical guidelines and protocols for using hemostasis-
affecting medications assume by default that there is a
standard hemostatic disturbance in all patients. Therefore,
there is a somewhat averaged standard therapy with certain
drug groups and dosages, which are expected to always have
a positive effect on correcting the hemostatic system. Clearly,
such logic is not only questionable but also harmful.

The recommended algorithm for DIC therapy should be
based not on recommendations derived from contentious
conclusions of statistical meta-analysis, subjective, and
constantly changing treatment protocols, but on objective,
fundamental knowledge of hemostasis system functioning,
pharmacological mechanisms of drug action, a personalized
approach to analyzing results from objective methods of
assessing vascular-platelet hemostasis, and all involved
systems. A misunderstanding of this principle leads to the
authors’ view that treating DIC is one of the cornerstones of
ensuring hemostasis [46].

The primary task in treating DIC is to promptly identify
pathologically altered hemostasis laboratory parameters,
conduct a comprehensive assessment of hemostasis
systems using instrumental methods, and perform dynamic
monitoring of these parameters.

The second priority is to focus on treating the underlying
disease that has caused or contributes to the development
of DIC.

The third priority involves methods and approaches for
correcting the blood coagulation system, taking into account
a personalized approach and targeted intervention on key
pathophysiological mechanisms of hemostatic disruption.

Blood Component Transfusion: Hemodilution
and Coagulation Factor Deficiency

The issues concerning the appropriateness and safety
of transfusing red blood cell components in the treatment of
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DIC were addressed earlier in the text.

Regarding platelets and plasma coagulation factors,
a low level of platelets and coagulation factors, especially
fibrinogen, can indeed increase the risk of bleeding. Thus,
the guidelines [3-6] recommend administering platelet
concentrates (PC) and fresh frozen plasma (FFP) to patients
with DIC who are experiencing active bleeding or who are
at high risk of bleeding and require invasive procedures.
This recommendation is difficult to disagree with. The
effectiveness of plasma coagulation factors in FFP is indeed
directly dependent on the functional state and quantity of
platelets.

Regarding the Effect of Hemodilution and
Coagulation Factor Deficiency in Acute Massive
Hemorrhage

Hemodilution and coagulation factor deficiency do
indeed occur. However, these factorsare notthe primary cause
of increased bleeding in DIC, as many authors suggest. The
minimally effective levels of each plasma coagulation factor
vary. For example, the minimally effective level of factor VIII
is 30-35%, factor VII is 5-7%, factor X is 10-15%, factor XIII
is 2-5%, and fibrinogen (factor I) is 0.8 g/L, etc. Each factor
has different conditions and rates of synthesis in the body, as
well as varying half-lives. Most claims that DIC is caused by
hemodilution and deficiency of plasma coagulation factors
lack scientific evidence and are based only on theoretical
considerations. This is due to objective reasons. In cases of
acute massive hemorrhage and signs of DIC, clinicians do not
measure all plasma coagulation factors. There is no clinical
need for this. Moreover, if increased bleeding in DIC were
solely due to hemodilution and coagulation factor deficiency,
transfusion of FFP would quickly and effectively resolve the
issue of the hypocoagulable phase of DIC. However, this is
not observed in practice. Despite the administration of large
volumes of FFP, the mortality rate from DIC remains high
(45% to 78%) [45].

Thus, claims that increased bleeding in DIC is due to
hemodilution or deficiency of plasma coagulation factors
lack sufficient scientific support and clinical justification and
can only be considered from a theoretical perspective.

Regarding platelet transfusion, the threshold for
transfusing platelets depends on the clinical condition of
the DIC patient. Typically, platelet concentrates (PC) are
administered to patients with DIC who are experiencing active
bleeding and have a platelet count <50 x 109/L. A much lower
threshold of 10 to 20 x 109/L is used for patients without
bleeding who develop DIC after chemotherapy. PC may be
administered in higher concentrations to patients deemed
at high risk of bleeding based on other clinical or laboratory
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indicators [33]. For transfusion of fresh frozen plasma (FFP),
itis recommended to use large volumes to correct coagulation
defects associated with prolonged APTT or prothrombin time
(more than 1.5 times the normal level) or decreased fibrinogen
levels (less than 0.8 g/L). Some authors suggest starting with
an initial dose of 15 ml/kg of FFP [46].

In all clinical guidelines and scientific works, the
dosage of fresh frozen plasma (FFP) is calculated in ml/kg.
It is important to note that the volume of FFP transfusion
should be specified not in ml/kg of body weight but in whole
doses (0.06 doses/kg), with the number of whole doses
being minimized. This is because prescribing FFP in ml/kg
often leads to an increased number of doses administered.
Conversely, increasing the number of transfusions of
heterogeneous doses of FFP raises the risk of post-transfusion
complications: volume overload, TRALI syndrome, urticaria,
alloimmunization to plasma proteins, etc. For example, if
the calculated volume of FFP based on the patient’s weight
is 1125 ml, this roughly equals 4.6 doses. Therefore, 0.6 of
a dose amounts to the fifth bag of heterogeneous FFP. This
raises a legitimate question about the clinical necessity
of transfusing the fifth bag of FFP. Considering that the
effectiveness of the transfused FFP is monitored through
hemostasis data, a more justified and safer approach would
be to administer 4 doses of FFP. After the fourth dose, it will
be necessary to monitor hemostasis parameters and decide
whether to continue FFP transfusion. This approach is
supported by the recommendations from the authors of the
provided guidelines regarding the need to prevent volume
overload by transfusing prothrombin complex concentrate
instead of FFP [3-6,46].

Fibrinogen deficiency associated with massive bleeding
in DIC can be corrected with the administration of purified
fibrinogen concentrates or cryoprecipitate [46]. Clinicians
should be aware that the transfusion of cryoprecipitate
is not calculated in ml/kg, as indicated by the authors of
guidelines and articles [3-6,46], but in doses. This is because
the fibrinogen content in one dose varies among different
manufacturers. Additionally, one dose of cryoprecipitate may
correspond to a volume ranging from 15 to 30 ml. Therefore,
the calculation of the number of doses of cryoprecipitate
depends on the fibrinogen content in one dose as specified
by the manufacturer. Clinicians should also be aware that, in
addition to fibrinogen, cryoprecipitate contains coagulation
factors VIII and XIII.

Use of “bypass” Hemostatic Agents: Indications
and Limitations

In the mentioned treatment guidelines, the authors note
that the efficacy and safety of recombinant factor VIla in DIC
and life-threatening bleeding have not been established.
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Therefore, its use is recommended with caution or within the
framework of clinical trials.

However, it should be noted that the authors’
recommendations for the use of “bypass” hemostatic agents
in the treatment of DIC do not align with the pathophysiology
of this condition and are incorrect. Furthermore, the
authors do not consider that effective use of “bypass”
hemostatic agents requires the following conditions to be
met: correction of metabolic acidosis, hypofibrinogenemia,
thrombocytopenia, and hyperfibrinolysis. Therefore, these
agents are appropriate for stopping bleeding in hemophilia,
von Willebrand disease, and other coagulation disorders, but
not for treating DIC and life-threatening bleeding.

Key Points on the Use of Unfractionated and
Low-Molecular-Weight Heparins in DIC Therapy

The use of anticoagulant therapy is a rational approach
based on the understanding that DIC is characterized
by extensive activation of coagulation. There are several
differences in the recommendations for the use of heparin
in patients with DIC among the four guidelines [3-6]. The
authors of the guidelines indicate that therapeutic doses
of heparin should be considered in cases of DIC where
thrombosis predominates [47,48]. However, other authors
argue the opposite, citing an experimental study [49] that
states the use of heparin to suppress coagulation activation
in DIC does not lead to improved clinically significant
outcomes. A recent large study of patients with severe
sepsis demonstrated a modest benefit of low-dose heparin
on 28-day mortality and emphasized the importance of
not discontinuing heparin treatment in patients with DIC
syndrome and abnormal coagulation parameters [50].

In the provided guidelines, the use of heparin is not
recommended for patients with bleeding or massive
bleeding in DIC due to the increased risk of hemorrhage.
However, it is recommended for patients with asymptomatic
DIC to prevent the onset of deep vein thrombosis. Opposing
views on this issue are abundant in articles, guidelines,
and treatment protocols, causing discord in DIC treatment
methods and leading to numerous discussions and debates
among clinicians.

Many authors in their scientific publications assert the
clinical advantage of low-molecular-weight heparins over
unfractionated heparins in the treatment of DIC [46,50-55].
This advantage is also mentioned in many DIC and massive
bleeding treatment protocols [3-6]. The inaccuracies in the
conclusions of such publications can be attributed to the
insufficient qualifications of the reviewers of the scientific
journals in which these articles and treatment protocols
were published. Clinicians should be aware that, in the
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treatment of DIC and acute massive bleeding, the use of low-
molecular-weight heparins does not offer advantages over
unfractionated heparins. Moreover, their use in this context
is unjustified and potentially dangerous for the patient.

First, it is important to note that the list of indications,
contraindications, and major side effects for heparin-like
drugs is the same.

Regarding their points of action: Unfractionated heparins
inhibit both factor Xa and factor Ila equally, while low-
molecular-weight heparins primarily inhibit factor Xa. This
fact is crucial in determining the differences in laboratory
monitoring of the effectiveness and adequacy of heparin use.
For monitoring the dose and effectiveness of unfractionated
heparins, standard coagulation tests (e.g., activated partial
thromboplastin time - APTT) are sufficient. However, for
monitoring the dose and effectiveness of low-molecular-
weight heparins, it is essential to measure Anti-Xa activity.
Unfortunately, not all clinicians are aware of this. Furthermore,
notall clinical laboratories have the capability to measure Anti-
Xa activity. Many authors in their scientific studies evaluate
the clinical effectiveness of low-molecular-weight heparins
without considering Anti-Xa activity, which is incorrect.

Second, it should be noted that, unlike unfractionated
heparins, low-molecular-weight heparins are not only very
difficult to use in the treatment of DIC but also potentially
dangerous. This is because their use excludes the possibility
of dose titration. This issue is particularly relevant when
dosing anticoagulants during the hypocoagulable phase (the
appropriateness and necessity of using direct anticoagulants
during the hypocoagulable phase of DIC will be discussed
later). This is crucial as the enzymatic processes involved
in maintaining hemostasis are rapid, and their intensity
changes continuously during intensive therapy. As a result,
the risk of ineffectiveness and danger of DIC therapy with
low-molecular-weight heparins significantly increases. This
last fact is a major and objective drawback of using low-
molecular-weight heparins.

Thus, the advantages of using unfractionated heparins
over low-molecular-weight heparins in the treatment of
various coagulopathies, including DIC, are evident:
Unfractionated Heparins
¢ Allow flexible dose titration based on the clinical
situation, which is important in the treatment of DIC.
¢ Have the capability for reversible action if needed (using
protamine).

e Can be used to control both thrombogenesis and
hypercoagulation.

Low-Molecular-Weight Heparins

¢ Have more predictable pharmacokinetics but require
strict and specific monitoring, as their action is difficult
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to regulate.

¢ Their use is limited in DIC conditions due to the lack of
precise dose titration.

¢ Can be potentially dangerous when used during the
hypercoagulable phase of DIC, as the risk of bleeding is
higher due to inadequate dose control.

Given the above, the use of unfractionated heparins is
preferable in the therapy of DIC, especially when flexible
dose adjustment is needed in response to changes in the
patient’s condition.

On the Appropriateness and Necessity of
Using Direct Anticoagulants during the
Hypocoagulable Phase of DIC

The wuse of direct anticoagulants during the
hypercoagulable phase of DIC is generally not questioned
by clinicians. However, their application during the
hypocoagulable phase remains controversial and is the
subjectof much discussion. To clarify this issue, itis important
to recall that the hypocoagulable phase of DIC is not so much
caused by hemodilution and areduction in coagulation factors
as itis by the high levels of fibrin degradation products (FDP)
in the blood. These FDP inhibit the polymerization of fibrin
monomers and impair platelet function. The removal of FDP
from the body occurs through phagocytosis. The primary
cause of the hypocoagulable phase of DIC is the imbalance
between the rate of fibrin degradation product formation
and the body’s ability to eliminate them.

Thus, from a pathophysiological perspective, therapy
for the hypocoagulable phase of DIC syndrome should aim,
on one hand, to inhibit hyperfibrinolysis, which is clinically
achieved through the use of lysine-containing amino acids
and protease inhibitors. On the other hand, the treatment
should control the rate and amount of thrombus formation.
This is achieved by transfusing large volumes of FFP in
combination with anticoagulants. It is important to note
that, in this case, the dose of the prescribed anticoagulant
should be significantly lower than the dose recommended
for the hypercoagulable phase. The use of short-acting
anticoagulants (unfractionated heparins) and comprehensive
dynamic monitoring of hemostatic parameters is not only a
mandatory requirement for effective DIC therapy but also an
important condition for restoring the balance between the
coagulation and anticoagulation systems of the blood.

Conclusion

The identified conceptual errors in the presented
guidelines and publications lead to false principles in
the diagnosis, prevention, and treatment of DIC. A deep
understanding of the functioning of the coagulation system
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