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SUMMARY

The possibility of intravascular blood coagulation existence in the microvascular vessels and capillaries without the
presence of a large thrombus in the arteries and veins has been known from the middle of 19t century. It is impossi-
ble to know exactly about the prevalence of this pathology, because there is a jumble in terminology that does not
help statistics to be exact. One of the reasons of so high mortality from disseminated intravascular coagulation (DIC) is
due to the impossibility to always make exact diagnosis, and as M. Levi thinks it is provoked in the absence of generally
accepted idea of DIC syndrome. We investigated these markers and the intensity of intravascular blood coagulationin a
number of patients. Our understanding of the problems of DIC was formulated on the grounds of a thirty-year study of
the problem involving over 1,500 patients. Thereby, the conception of constant intravascular microcoagulation (CIMC)
was developed with the following aims: to report the existing material and bring to researchers and doctors in prac-
tice information about the presence of the phenomenon of CIMC and to resolve debatable questions of definitions and

practical usage of up-to-date information about DIC with the help of CIMC conception.
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ISIT EASY TO DEFINE DIC SYNDROME?

The possibility of intravascular blood coagulation exis-
tence in the microvascular vessels-capillaries without
the presence of a large thrombus in the arteries and
veins is known from the middle of 19" century. Selye
[1] thinks that the first description of that phenom-
enon was made in a German journal written by the
Russian doctor S. Botkin, who was working with R.
Virhov at that time. This phenomenon became well-
known after being entitled disseminated intravascular
coagulation (DIC) or DIC syndrome. For the If3ast
40 years there were a lot of published works about it.
This problem is very interesting, because it presents
danger for human life.

It is impossible to know exactly about the preva-
lence of this pathology, because there is a jumble in
terminology that does not help statistics to be exact.
However, some authors suppose they have this infor-
mation. So, Miiller-Berghaus [2] wrote that we can
diagnose DIC in each of the 1,000 patients arriving
at hospital. Zilbut [3] revealed the presence of this
pathology in 1 of 867 persons who arrived to hospital.
Patients with acute leukaemia have higher rates. DIC
is revealed in 15-20% of cases [3]. In septicaemia,
with Gram-negative or Gram-positive bacteria, the
rate of DIC increases up to 30-50%, and for persons
with severe injury up to 50-70% [4]. It is difficult to
treat patients whose illness is diagnosed as DIC and
more than 50% of patients die [4].

One of the reasons of so high mortality from DIC
is due to impossibility to make exact diagnosis, and
as Levi et al. [4] think, it is provoked in the absence of
generally accepted idea of DIC syndrome. Until now,
there have been leading debates on how to define DIC
syndrome. There were several approaches to this idea.

Among them, compensated and decompensated DIC
[5], chronic DIC [6], evident and latent DIC [7],and
pre-DIC. One more reason of such a high mortality
from DIC is the presence of misunderstanding regarding
the early diagnosis of this life-theatening clinical
phenomenon, and also in the choice of treatment of
these patients after making this menacing diagnosis.

Why is it so difficult to make such a simple decision
as the formulation of the determination of DIC? We can
answer this question by observing the metamorphoses
in the process of study of DIC syndrome. This term
was proposed in the USA by a young American pathol-
ogist Donald McKay [8] in 1950, when he performed
autopsy. McKay discovered numerous thrombi in the
vessels of a female who had died in obstetric hospital,
because of hemorrhagic diathesis. He proposed the
term ,,disseminated intravascular coagulation”. His
senior colleagues Seegers and Schneider [9] carried on
and made this term public. The term DIC syndrome
became widely used in medicine after 4th American
Congress of Obstetricians in 1951, where Seegers and
Schneider reported the case of McKay [9, 10]. The
phenomena began to be actively studied by many
scientists, and each of them tried to give it different
names. So Lasch [11] named it consumtion coagulop-
athy, Selye [1] and Machabeli [12] “thrombo-hemor-
rhagic syndrome”, and Owen and Bowie [13] proposed
to name “intravascular blood coagulation and fibri-
nolysis“. However, the suggestion of McKay [8] was
preserved and has continued to be most popular and
recognized until the present time.

Biochemists, physiologists and clinicians paid great
attention to DIC syndrome. This made it possible to
study the facts of biochemical transformation of blood
in the course of fibrin and platelet thrombus forma-
tion and to create new methods of identification of the



54 ‘ CPINCKU APXUB 3A LLIEJIOKYINHO JIEKAPCTBO

intravasclar blood coagulation markers. Today, we consider
them to be the products of fibrinogen and fibrin degradation,
which are: fibrin-monomer, D-dimer, $-thromboglobulin,
platelet factor 4 and etc. Many clinicians began to use the
above-listed methods in their researches and discovered
that sometimes patients had a higher level of these symp-
toms than healthy persons. In this situation they also began
to use the term ,,disseminated intravascular coagulation”
Owen and Bowie [13] proposed to name such phenomena
chronic DIC syndrome. However, this made problems to
doctors in practice, because they often could not exactly
differentiate acute from chronic DIC, and did not know
how to manage such patients.

ISIT EASY TO DETECT DIC SYNDROME?

Indeed, it is very difficult, even theoretically, to draw a
borderline between compensated undiscovered DIC and
pre-DIC, and decompensated discovered DIC and its undis-
covered variants. We devoted our attention to this question
from the beginning of the 1970s. When we studied some
features of hemocoagulation in patients, we revealed impor-
tant rippling of separate performances of both different
and identical patients when blood sampling was investi-
gated separately. This enabled us to make some supposi-
tions about the constant activity of intravascular blood
coagulation in the human body and even suggest that we
can interfere in pathologic process through purposeful
pharmacological regulation of blood coagulation (1974)
[14]. The work, which was done at the laboratory of Paul
Didishaim (1977) [15], where we studied the adhesion
of platelets to the artificial surface — cuprophen, gave us
the reason to suggest a possibility of quantitative deter-
mination of the intensity of formation of the platelet clot
in the bloodstream on the ground of measuring the level
of the platelet factor 4 in plasma. The possibility of deter-
mination of procoagulant markers and platelet compo-
nents of hemocoagulation made it possible to note differ-
ences in their intensity and suggested that they are rela-
tively independent from each other. Investigations that
we performed on a large group of patients with chronic
pathology gave the reason to reveal different importance
of separate components of hemocoagulation in different
diseases [16, 17, 18].

We also investigated the markers of the intensity of
intravascular blood coagulation in a number of patients.
It was discovered that patients who had CHD (coronary
heart disease) and diabetes mellitus, had a higher activity
of platelet part of hemocoagulation than fibrin formation
[18, 19]. Patients who had rheumatoid arthritis revealed
increased intensity of fibrin formation, which was termed
as a part of procoagulation, and it was noted that the inten-
sity of platelet clot formation was less intensive [20, 21]. In
patients who had acute leukaemia the intensity of platelet
section of hemocoagulation was almost identical to the
increase of intensity of procoagulation. A section on the
evidence of increased blood fibrinolytic activity compared
with increased hemocoagulation also showed the absence
of strict parallelism between them (1980) [22].

Table 1. Level of fibrin monomers, deprived fibrinopeptide a and b
in patients with coronary heart disease and haemophilia

Disease Number of patients Data
(myocardia farction) 19 6991285
Unstable angina 8 7.84+2.77
Stable angina 21 11.1£2.4
Haemophilia A 8 1.57+0.56
Healthy persons 23 0.99+0.26

We also studied the more accurate state of intravascular
clot formation with the help of TTP (thrombus protein
precursor), which helped us to detect the fibrin-monomer
without fibrin peptids A and B [23, 24]. The level of TPP
was measured in patients with acute coronary syndrome
and in haemophiliac, when there was the presence of
different clinical states, thrombosis and bleedings. In the
course of this study we revealed the following interesting
fact. In the blood of persons with haemophilia we expected
to find low coagulation and accordingly a low level of
TPP-fibrin-monomer. However, it was found that the level
of TPP was higher than that in healthy persons (Table 1).
The disclosed information made us to look more carefully
into the marker level of intravascular blood coagulation of
healthy persons [23, 24]. The results of our research were
compared with the information that we had received from
researchers from all over the world. All this has made it
possible to draw a conclusion that the process of intravas-
cular blood microcoagulation exists permanently, consid-
erably modifying in its intensity, and that is why some defi-
nite corrections in the interpretation of DIC were made.

CONCEPT OF CIMC

Our understanding of the problems of DIC was formulated
on the grounds of a thirty-year study of this problem and
on having studied more than 1,500 patients. It is possible
to summarise the results of our work published in domestic
and foreign journals as follows [25]:

« Constant presence of the markers of intravascular coag-
ulation in plasma of healthy and sick persons gives us
the basis to think that intravascular microclotting of
blood is constantly present, and that there is the need
to underline its existence by the term constant micro-
vascular microcoagulation (CIMC).

o Intensity of CIMC may be different. The level of the
markers of intravascular microcoagulation of blood,
which is measured in the plasma of healthy persons,
must be adopted as “normal”. The increasing of the inten-
sity of intravascular microcoagulation may be seen in
some transient disorders and following intensive phys-
ical stress (exercise). After such situations have passed,
the intensity of intravascular microclotting can return
back to the “normal” level. Investigated patients with
some chronic diseases exhibit a constant increase of
the intensity of intravascular microcoagulation. They
usually do not show any special clinical traits except of
the usual clinical picture of the main disease. Previously,
these states were named “chronic intravascular micro-



coagulation” .It is possible that special regulation of

this stage of the constant intravascular microcoagula-

tion can improve the prognosis of the disease. When

CIMC is sufficiently intensive it is possible to cause a

change in the clinical picture and organ dysfunction.

In such situations it must be considered as the highest

stage of CIMC. This and only this stage of CIMC must

be named DIC syndrome (Table 2).

« DIC syndrome is the only stage of CIMC, where the
increase of its intensity is an independent cause of the
damage of body organs and body tissues, such as bleed-
ing, multiple organ damage, hypotony, micro- and macro-
thrombosis and their different combinations.

« Differences in the degree of the intensity of intravascu-
lar microcoagulation of blood can be changed, and only
in the definite stage it leads to the progress of the appar-
ent clinical picture of DIC. At that time the manifesta-
tion of clinical picture of the syndrome may come true
very quickly. In connection with the above priorities in
diagnostics requires a combination of laboratory anal-
yses with the obtained findings subjected to character-
istics and clinical picture of the disease.

Thus, after the suggestion of the conception of CIMC
the idea of DIC and its place in the variety of intravas-
cular blood coagulation can become more concrete and
definite (Table 2).

DIC AS A STAGE OF CIMC

We think that the identification of the idea of DIC should
be guided by McKay’s [8] observations, with the addition of
something new that can help to include it into the idea of
greater accuracy and clarity. This should be defined more
exactly and help to understand the nature of clinical mani-
festations which should be expected by the doctors who
make the diagnosis of this phenomenon. It is needed to get
information about the structure of intravascular microclots.
But the term DIC should be mentioned only in the situa-
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tion when the phenomenon is characterized by the inten-
sive formation of intravascular microclots that are gener-
ated at the microvascular level, which can have different
morphologic structure, different forms of clinical manifes-
tation leading to acute dysfunction of organs and tissues,
with life-threatening outcome.

Of course, such situations must produce the evidence of
degradation of fibrin and fibrinogen and platelets activity.
The level of fibrynopeptide A, D-dimer, soluble complexes
of fibrin-monomer, fibrin-monomer without fibryno-
peptides, B-tromboglobylin and platelet factor 4 that are
circulating in the human blood, make it possible to have
the information about the intensity of intravascular micro-
coagulation of blood. However, the wide level of fluctua-
tion of these rates in both healthy and ill persons present
a difficult task for the practitioner.

Many researchers have tried to identify the threat of DIC
progress by taking stock of different clinical and laboratory
parameters. Japanese researchers suggested estimating the
danger of DIC progress by scoring systems (APACHE 1I
and MOD). The International Subcommittee for DIC is also
actively studying this question. It suggested the following:
the diagnostic criteria of DIC are submitted in Table 3. In
addition, the following algorithm of action is proposed:
the algorithm of open DIC diagnostics, which includes the
following stages of occupation (Scheme 1) [7]. In the first
stage the risk evaluation of DIC onset is put into effect. It is
necessary to detect the presence of such diseases happening
to such patients which are associated with the possibility
of phenomenon progress. It is accepted to consider such
diseases as the following: infections, tumours, obstetric
problems, injuries and burns, immune conflicts, etc. When
they are present, the continuation of algorithm passage is
recommended. In the second stage the performance of coag-
ulation tests is proposed, which could make it possible to
specify the condition of intravascular hemocoagulation. It
is proposed to consider such tests as the following: quan-
tification of platelets, the level of fibrinogen, indication of
prothrombin time, and also the determination of soluble

Table 2. Levels of constant intravascular microcoagulation (CIMC) of blood intensity

Grade | CIMC Features

1t Normal CIMC Levels of CIMC markers are “normal”

nd Transient Levels of CIMC markers are increased, but they are unstable and do not produce special clinical
increased CIMC changes in the main disease picture

31d Sustained Levels of CIMC markers are increased. This state is stable, but does not have special clinical
increased CIMC manifestations. Its regulation could be important and may increase the positive outcome of the disease

4th CIMC-DIC-Syndrome Increase pf const.ant |ntrayascu|ar coagulation is rapid and produces impact on organ function,

threatening the life of patients (DIC syndrome)

Table 3. Diagnostic criteria of DIC [7]

Classification Definition

Diagnostic criteria

Haemostatic defect without

Increase of D-dimer level and 1 large criterion* of platelets

manifestations

Biological DIC o - consumption or coagulation factors or 2 small criteria* of
clinical presentations - )
platelets consumption or coagulation factors
Clinical DIC Haemostatic defect with hemorrhagic or ischemic Allis identical with biological and signs of microvascular

bleeding and/or thrombosis

Complicated DIC

manifestations which lead to organ dysfunction

Haemostatic defect with hemorrhagic or ischemic

All is identical with clinical and signs of organ involvement

* Laboratory criteria for disseminated intravascular coagulation: D-dimer more than 500 mg/I; consumption of platelets — low (platelet count 50-100,000/mm?3)
and higher (platelet count is less than 50,000/mm?3), consumption of coagulation factors is low (INR=1.2-1.5) and higher (INR>1.5).



Step 1
Risk of origination

Do patient has such diseases which are accompanied by high risk of DIC progress?

No Yes
S Step 2

Fulfilment of laboratory tests

Mark 5 or over

DIC is possible

l

Repeat the next day

Platelet quantity, prothrombin time,
products of fibrin degradation,
soluble complexes of fibrin —-monomer

Step 3
Estimate of laboratory tests in points

- Platelet quantity: >100x10°/L = 0 points; <100x10°%/L = 1 point, <50x10%L = 2 points

« Increase of mark of fibrin formation (soluble complexes of fibrin-monomer) / products of fibrin degradation:
no rise = 0 points; mean rise = 2 points; considerable rise = 3 points

« Prolongation of prothrombin time: <3 s = 0 point; 3<6 s = 1 point; >6 s = 2 points

» The level of fibrinogen: >1 g/L = 0 points; <1 g/L = 1 point

Step 4
Calculation of points

Step 5

/\

Less than 5

It is presumably DIC

l

Repeat in 1-2 days

Scheme 1. Diagnostics of DIC [7]

fibrin monomer or D-dimer level. The level of increasing of
each index is marked by appointed scoring scale. Then the
calculation of organ function is performed, which is more
frequently involved in the course of syndrome development.
They are central nervous system (CNS), cardiovascular
system, lungs, liver and kidneys. Their functioning is also
estimated in the scoring scale. The analysis of hemorrhagic
manifestations takes stock of their presence or absence,
which is also fixed in the scoring scale, and total calcu-
lation of points, and this, to the author’s opinion, makes
it possible to speak about DIC presence or absence to an
even greater degree of probability. The quantity of points,
which is higher then 7, must be adopted as a great proba-
bility of this phenomenon and determines the necessity of
repeated analysis of these rates on the next day. Thereby,
based on the total score diagnostics conclusion is made.
Considering these attempts positively we should look at
them critically. Indeed, the number 1 value could not resolve
the question about confirmation or negation of DIC diag-

nosis. We have received evidence that such a term of the
biological DIC stage 1-3 of our CIMC only confuses the
doctor’s mind. Indeed, when we reveal that the patient has
a high level of D-dimer and other signs of fibrin formation
and the reduction of the quantity of platelets and fibrin-
ogen (non-metering their dynamics) will lead to the situa-
tion when the doctor will decide that the patient has DIC.
In doctor’s practice the term DIC is usually associated
with a condition which is life-threatening for the patient.
That is why the diagnostics of this disease cals for active
actions, which could be unjustified, because the increase
of mark level of fibrin formation is not specific only in the
extreme stage 4 of CIMC (acute DIC), while platelet count
of the patient could be low for many other reasons. Besides,
initially the patient may have a high platelet count and/or
fibrinogen rate and having DIC, with reduced platelet and
and/or fibrinogen, not to mentioned the level. So it turns
out that there is no DIC. In such cases the doctor could
start the necessary therapy too late.



At present the International Subcommittee of DIC
continues to work out refinements of DIC with different
types of diseases (injuries, obstetrical pathology, sepsis)
and search or new subtle markers - the predictors of DIC.

It seems to us that the identification of subtle marks
level of intravascular blood coagulation could not help us
to predict the progress of extreme stage of CIMC (acute
DIC according to ISTH), because they would only repro-
duce the intensity of CIMC, which could arise in different
diseases, as well as in healthy persons and would not lead
to DIC. Because we understand this problem well enough
we dare say that the transition of the intensity of intravas-
cular blood coagulation to the stage of DIC can be spec-
ified, not on the ground of point calculation, but in the
following way: morbid events characterized by a high risk
of DIC progress (sepsis and other infections, neoplasm,
traumatic and surgical tissue involvement, obstetrical
pathology, vascular lesions and vascular anomaly, auto-
immune diseases, allergic reactions); for timely and early
recognition of DIC progress it is recommend to do case
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monitoring of the rates of fibrinogen and platelet levels.

Progressive reduction of these rates in combination with

clinical picture should be the reason for the diagnosis and

the beginning of therapy.
Thereby, the conception of CIMC was developed with
the following aims:

a) To reproduce existing material and bring to researchers
and practitioners information about the presence of the
phenomenon of CIMC in humans;

b) To resolve debatable questions of definitions and prac-
tical usage of up-to-date information about DIC with
help of CIMC conception.

CONCLUSION

We hope that further conception design of CIMC could
give us a definite answer about the role and place of
purposeful regulation of blood coagulation in therapy of
many human diseases.
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OTKpuBare AUCEMMHOBAHE MHTPaBaCcKy/lapHe Koarynayuje nomohy
KOHL,enuuje KOHCTaHTHE MHTPaBacKy/apHe MUKPOKoarynauuje

Wrop bokapes, Jlyamnna MNMonosa

.M. MockoBcKa MeunLmHcKa akagemuja,,CeueHoB’, MockBa, Pycuja

KPATAK CAAPXAJ

MoryhHocT nHTpaBacKynapHe Koarynatuje KpBu y KpBHIUM Cyfi0-
BMMa 1 Kanunapuma, 6e3 Benvkor Tpomba y aptepujama 1 BeHa-
Ma, MO3HaTa je of cpefuHe fieBeTHaecTor Beka. Huje moryhe Tau-
HO Ca3HaTh npeoBnahKBarme oBe Nnatosoruje ¢ 063MPoOM Ha MHO-
LITBO pa3nnynTe TEPMUHONOT ] KOja oMeTa 3pahrBatbe npewy-
3He CTaTUCTUYKe aHanu3e. JefaH of pas3nora BUCOKe CToMne CMpPT-
HOCTM Of AMCEMWHOBAHE MHTpaBacKynapHe Koarynauuje (QUK)
nexun y HemoryhHocTu fia ce yBeK NoCTaBM TauHa AnjarHo3sa. Mpe-
Ma MuLbery Mapcena JleBuja (Marcel M. Levi), To je pe3ynTat He-
noctojarba onwrenpuxsaheHe uaeje o VK. Mu cmo uctpaxusa-
NI OBe MOKa3aTes/be N MHTEH3UTET UHTPaBacKynapHe Koarynaum-

jey KpBu Ko Bennkor 6poja 6onecHuka. Hale pasymeBatbe npo-
6nema [UCEMUHOBaHe MUKpoOKoarynauuje ¢opmynncaHo je Ha
OCHOBY TPUAECETOrOANLLET UCTPAXKMBatba OBOT Npobnema Kog
Buwwe of 1.500 6onecHMKa. Ha Taj HaumMH pa3BuanM CMO KOHLEn-
LMjy KOHCTaHTHe NHTpaBacKkynapHe mMukpokoarynauuje (KUMK),
umajyhu y Bugy cnegehe uubeBe: a) faBare M3BeLUTaja O CaKy-
n/beHoM MaTepujany; 6) npyXarbe NcTpaxkmaumma v nekapuma
nHpopmaumje o 3acTynbeHocTn GeHomeHa KUMK; v B) pelsasa-
e AUCKYTabUnHUX NuTara AedrHncarba 1 NPUMeHe Y npakcu
HajHoBUjux nHGopmauwja o AVIK nomohy koHuenuuje KUMK.
KibyuHe peun: frceMMHOBaHa MHTpaBacKynapHa Koarynauuja;
AVjarHo3a; KOHCTaHTHa MHTPaBacKynapHa Koarynauuja
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