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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

	 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
	 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
	 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
	 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
	 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
	 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
	 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
	 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
	 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
	 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
	 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
	 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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In December 2019, a new coronavirus (SARS-CoV-2) caused 
an outbreak of a potentially dangerous infection [1], defined by 
the World Health Organization (WHO) as – COVID-19 (“Coro-
navirus disease 2019”). The most common clinical manifesta-
tion of a new variant of coronavirus infection is bilateral pneu-
monia (viral diffuse alveolar injury with microangiopathy), in 
3-4% of patients the development of acute respiratory distress 
syndrome (ARDS) was registered. Hypercoagulative syndrome 
with thrombosis and thromboembolism is developed in a sig-
nificant proportion of patients, other organs and systems also are 
affected (central nervous system, kidneys, liver, gastrointestinal 
tract, endocrine and immune systems), sepsis and septic shock 
may develop [2].

Gradual increasing inflammation in patients leads to an over-
straining of their immune system, a sharp increase in the produc-
tion of cytokines that stimulate the development of infiltrative 
fibrosis, exudative damage to lung tissue, desquamation of lung 
epithelial cells with loss of alveolar airiness [3]. This condition 
is more like the development of alveolitis than true pneumonia, 
the alveoli “sink”, and the lungs lose their ability to exchange 
gas. The lung tissue becomes airless, with expressed edema and 
areas of atelectasis [4].

SARS-CoV-2 uses the angiotensin converting enzyme re-
ceptor 2 (ACE2) which expresses at high levels in the lungs, 
kidneys, gastrointestinal tract, liver, vascular endothelial and 
arterial smooth muscle cells. COVID-19 is a multisystem in-
flammatory syndrome, as all these organs and systems are po-
tential targets for SARS-CoV-2 infection [5-7]. Therefore suc-
cessful treatment of COVID-19 is possible only with the use of 
combination therapy, including the use of typical multi-purpose 
drugs. Taking into account that COVID-19 is a serious threat for 
worldwide, it is necessary to find new effective schemes for its 
prevention and treatment.

Another feature of coronavirus infection is an significant 
prothrombotic (procoagulative) status, accompanied by a large 
number of thrombotic events, especially venous thromboem-
bolic complications (VTEC) [8,9]. Later, this phenomenon was 
named “COVID-19-associated coagulopathy”. [10].

It is assumed that various mechanisms underlie prothrombotic 
changes in COVID-19. These are disseminated intravascular co-
agulation (DIC), pulmonary intravascular coagulopathy (PIC) 
or microvascular COVID-19 lung vessels obstructive throm-
boinflammatory syndrome (MicroCLOTS), secondary hemo-
phagocytic lymphohistiocytosis, thrombotic microangiopathy 
(TMA), and endotheliitis [11,12].

Coagulopathy with a predominance of the hypercoagulative 
phase of DIC-syndrome is a key link in the development and 
advance of COVID-19-associated pneumonia. Disseminated in-
travascular coagulation syndrome accompanies clinical advance 
from systemic inflammation response syndrome to severe sepsis 
and septic shock. In turn, the advance of DIC leads to multiple 
organ failure, which is associated with high mortality rates [13].

The main laboratory markers of coagulopathy are D-dimer 
level, prothrombin time (PT), number of thrombocytes, and 
changes in fibrinogen concentration. The concentration of D-
dimer in the blood is an important biomarker for predicting the 

severity of coronavirus infection in patients with COVID-19, 
which is important for suspected thromboembolism. There is 
evidence that if a patient with COVID-19 has a high level 
of D-dimer on admission to the hospital, the risk of death 
increases [14]. According to the results of a number of stud-
ies, patients with COVID-19 had a worse prognosis if they 
showed signs of hypercoagulation (prolonged PT, APTT, in-
creased levels of D-dimer and other fibrin breakdown prod-
ucts, while the antithrombin activity was lower than the ref-
erence values) [15,16]. The D-dimer is commonly used to 
confirm or eliminate thrombotic processes, such as deep vein 
thrombosis or pulmonary embolism [17].

However, local coagulation tests can only assess the activ-
ity of individual parts of the hemostatic system and detect a 
significant deficiency of factors (over 40%), but they have low 
sensitivity and are not able to give information about the general 
hemostatic state of the blood. Global coagulation tests (throm-
bin production test, thromboelastogram, thrombodynamics test) 
provide an integral picture of the changes in the coagulation sys-
tem, taking into account all possible factors of influence.

The aim of the study was to evaluate the effectiveness of the 
global coagulation thrombodynamics test for monitoring and 
correcting the hemostasis system and to improve the results of 
complex treatment in patients with SARS-CoV-2 in the COVID 
hospital.

Material and methods. From April 2020 to December 2020, 
245 patients between the ages of 27 and 89 with SARS-CoV-2 
associated pneumonia were treated on the basis of the Univer-
sity Clinical Hospital No. 4 of the First Sechenov Moscow State 
Medical University (Sechenov University) of the Ministry of 
Health of the Russian Federation. The average age of the pa-
tients was 56.7±4.2 years. The gender distribution was as fol-
lows: 132 (53.9%) male patients, 113 (46.1%) female patients. 
The vast majority of patients (167 - 68.2%) at the time of admis-
sion had one or more comorbidities that worsen the course of 
COVID-19 associated pneumonia.

According to Table 1, the most common comorbidities were: 
cardiac diseases, obesity and diabetes mellitus. The majority of 
patients have two or more comorbidities.

All patients were examined clinically, instrumentally and us-
ing laboratory tests. The severity of fever (an increase in body 
temperature above 37.5 C) was assessed at admission and during 
treatment, and the level of respiratory failure was determined 
using a pulse oximeter (SpO2).

Upon admission all patients underwent a PCR test. The 
volume and nature of changes in the pulmonary parenchyma 
against the background of viral pneumonia were evaluated 
according to results of computed tomography, which was per-
formed at admission, repeated every 7 days, as well as with 
the deterioration of the patients’ condition (increased respira-
tory failure, decreased saturation level). In accordance with 
the Order of the Ministry of Health of the Russian Federa-
tion, the severity of viral pneumonia was assessed as CT-2 
(more than 3 foci or areas of induration by the type of frosted 
glass ≤ 5 cm in maximum diameter, involvement of the lung 
parenchyma 25-50%); CT-3 (induration of the lung tissue by 
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the type of frosted glass in combination with foci of consoli-
dation, involvement of the lung parenchyma 50-75%); CT-4 
(diffuse induration of the lung tissue by the type of “frosted 
glass” and consolidation in combination with reticular chang-
es, involvement of the lung parenchyma ≥ 75%).

Among the laboratory parameters, lactate dehydrogenase 
(LDH) was particularly distinguished as a sign of lung tissue 
destruction, C-reactive protein (CRP), interleukin-6 (IL-6) 
levels, and the severity of leukopenia and lymphopenia as 
factors of unfavorable prognosis. Assessment of the hemo-
static system in hospitalized patients was performed daily us-
ing local coagulation tests (LCT), including APTT, PT, TT, 
PTI, INR, Fibrinogen, and D-dimer. From the global coagula-
tion tests, an integral coagulation thrombodynamics test was 
used, which was performed on the 1st, 7th and 14th days 2-3 
hours before the next injection of heparin. The main indica-
tors of the thrombodynamics test were: Tlag (lag time, delay 
time of the beginning of the formation of a fibrin clot), V 
(clot growth rate), Tsp (time of the emergence of spontaneous 
clots), D (density of the fibrin clot).

All participating in the study patients were divided by simple 
randomization into 2 groups that were comparable in terms of 
gender, age, comorbidities, severity of viral pneumonia, and 
general condition. The first group included 117 (47.7%) pa-
tients, their state of the hemostatic system was assessed and its 
disorders were corrected using local coagulation tests. The sec-
ond group included 128 (52.3%) patients, for them, in addition 
to local coagulation tests, an integral coagulation test was used 
- the thrombodynamics test- to assess and correct the state of 
the hemostatic system. Assessment and correction of hemostasis 
were performed at the control points (1st, 7th, 14th day) of the 
study, and more often if necessary.

Treatment of all patients with coronavirus infection was 
carried out comprehensively in accordance with the tempo-
rary methodological recommendations of the Ministry of 
Health of the Russian Federation [2]. Drug therapy included 
Hydroxychloroquine+azithromycin or mefloquine+azithromycin 
or Lopinavir/ritonavir+recombinant interferon beta-1b. Accord-
ing to vital indications, due to an uncontrolled immune response, 
58 (23.7%) patients of both groups were injected drugs based on 
monoclonal antibodies that inhibit interleukin-6 (IL-6) receptors 
once. In parallel, all patients with comorbid pathology received 
appropriate treatment.

Taking into account the use of hydroxychloroquine, which 
has cardiotoxicity, all patients were monitored daily by ECG to 
exclude the development of disorders of the cardiovascular sys-
tem. Laboratory monitoring of the main blood parameters in all 
patients was carried out at the time of their admission to the hos-

pital and in the future, as necessary, in the course of treatment.
According to the temporary guidelines of the Ministry of 

Health of the Russian Federation [2], all patients were pre-
scribed anticoagulant therapy with low-molecular-weight 
heparins (enoxaparin sodium) in preventive doses - 40 mg/
day subcutaneously in the anterior abdominal wall, and tak-
ing into account the data of the thrombodynamics test, the 
dose of anticoagulants was increased to 80-160 mg/day (40 
mg or 80 mg 2 times a day). The daily dose of LMWH was 
adjusted according to the patient’s weight, laboratory data, 
and the presence of comorbidities.

The main points of the study were the time of admission of 
the patient to the hospital (1 point), the 7th day of treatment (2 
point) and the 14th day – (3 point). The thrombodynamics test 
was performed in group 2 patients at point 1 before the first in-
jection of LMWH, then at points 2 and 3. In the first group, the 
thrombodynamics test was performed only at point 3.

Statistical data processing was performed using the SPSS 
program for Windows, version 17. The results are presented 
as an average±standard deviation. The differences between 
the groups were analyzed using a bilateral Student test for 
normally distributed data. The statistically significant value 
was assumed to be p<0.05.

Results and discussion. At the time of admission to the clin-
ic, the general condition was stated as severe in 212 (86.9%) 
patients, the condition of moderate severity - in 33 (13.1%) 
patients. No patients needed artificial lung ventilation (ALV). 
Standard O2 therapy was prescribed to 215 patients, noninvasive 
ventilation of lungs (NIVL) - to 30 patients.

A positive result of treatment was established with a positive 
dynamics of the patient’s condition, a decrease in the area of 
lung tissue damage, normalization of laboratory parameters, 
including a decrease in the level of D-dimer when he was dis-
charged from the hospital. A negative result of treatment was 
determined when the patient’s condition worsened, viral pneu-
monia progressed according to CT data, respiratory failure in-
creased (SpO2 level decreased), the patient was transferred to 
ALV, and in the case of a fatal outcome of the disease.

The results of patients’ treatment in the first and second 
groups were different. The dynamics of the main clinical indi-
cators against the background of treatment in patients of both 
groups is presented in Table 2.

Table 2 data shows that both groups were comparable in clini-
cal symptoms and severity of the disease at the time of treatment 
initiation.

The dynamics of the CT data of lungs and of the severity of 
the patient’s conditions in both groups during observation are 
presented in Figures 1 and 2. 

Table 1. Comorbidities in patients with SARS-CoV-2 (n=245)

Comorbidities
Number of patients

Abs. %

Cardiac pathology 121 49.5

Oncological diseases 36 14.6

Type 2 diabetes mellitus 96 39.2

Obesity 102 41.7

Pulmonary diseases 40 16.2

Atherosclerosis 34 13.9 
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Positive dynamics of clinical symptoms was detected 1.8 times 
more often in patients of the 2-nd group than in the 1-st group 
(p<0.05). Fever and shortness of breath in the 2-nd group decreased 
faster, the SpO2 index recovered more rapidly, especially in patients 
with severe hypoxia (with SpO2<90), the number of patients with 
moderate and severe severity to the third point of the study in the 
2-nd group was 1.8 times less than in the 1-st group (p<0.05). The 
number of patients with severe lung lesions (CT-3 and CT-4) by the 
third point of the study was detected in the 2-nd group 3.2 times less 
often (p<0.01) compared to the 1-st group.

The number of deaths by the end of the study in the 1-st group 
exceeded the indicators in the 2-nd group by 3.3 times (p<0.01), 
and all these patients have the lung lesion area corresponded to 
CT-4 stage.

Most of the patients (183 patients) were discharged on the 
14th-15th day for outpatient follow-up treatment with recommen-
dations, so the study was completed at the 3rd point. The remain-
ing patients continued inpatient treatment and were discharged 
at a later date. Average bed-day in the 2-nd group (15±1.6 days) 
was by 1.6 times shorter than in the 1-st group (24±7.2 days). 
Hemorrhagic complications were not registered, despite the 
therapeutic doses of LMWH in patients of 2-nd group.

Table 2. Dynamics of clinical indicators in patients of both groups

 Amount
 

Clinical 
aspects 

At the time of admission The 7th day of inpatient 
treatment

The 14th day of inpatient 
treatment

Group 1 
(n=117)

Group 2 
(n=128)

Group 1 
(n=109)

Group 2 
(n=123)

Group 1 
(n=102)

Group 2 
(n=123) 

Fever, оС 117 (100) 128 (100) 76 (69.7) 18 (14.6) - -
Dyspnea 102 (87.2) 109 (85.2) 98 (89.9) 54 (43.9) 34 (33.3) 13 (10.5)

SpO2, %
≤90 24 (20.5) 22 (17.2) 49 (44.9) 18 (14.6) 17 (16.7) -
≤95 83 (71) 89 (69.5) 42 (38.5) 66 (53.7) 34 (33.3) 10 (8.2)

More than 95 10 (8.5) 17 (13.3) 18 (16.6) 39 (31.7) 51 (50.0) 113 (91.8)
CT 1 - - 7 (6.4) 24 (19.5) 38 (37.2) 68 (55.3)
CT 2 85 (72.6) 90 (70.3) 64 (58.7) 61 (49.6) 35 (34.4) 44 (35.8)
CT 3 32 (27.4) 38 (29.7) 28 (25.7) 30 (24.4) 22 (21.6) 11 (8.9)
CT 4 - - 10 (9.2) 8 (6.5) 7 (6.8) -

Severity of 
patient’s 
condition

Mild degree 6 (5.5) 14 (11.4) 71 (69.6) 102 (82.9)
Moderate degree 13 (11.2) 20 (15.6) 31 (28.4) 56 (45.5) 17 (16.7) 16 (13.0)

Severe degree 104 (88.8) 108 (84.4) 72 (66.1) 53 (43.1) 14 (13.7) 5 (4.1)
Fatal outcome - - 8 (6.8) 5 (3.9) 7 (6.4) -

Fig. 2. Dynamics of severity of patient’s conditionFig. 1. Dynamics of lung injury area based on CT scans

The results of the hemostasis state of patients of both 
groups against the background of the treatment are presented 
in Table 3.

According to Table 3, all 245 patients at admission (1 
point) had a high level of D-dimer, that was regarded as a 
state of hypercoagulation and was required the appointment 
of anticoagulants. At the same time, the dependence of D-di-
mer level on the area of lung damage was revealed. The level 
of D-dimer was higher in patients with a large percentage of 
lung tissue damage.

In 98 (83.8%) patients of the 1-st group at admission (1 
point), moderate hypercoagulation was indicated by a num-
ber of LCT data, in particular, a decrease in PT, an increase 
in PTI and fibrinogen. In group 2, the thrombodynamics test 
confirmed the state of hypercoagulation at the time of admis-
sion in all 128 (100%) patients. At the same time, 50 of them 
(39%) showed expressed hypercoagulation with the forma-
tion of spontaneous clots. Taking into account the data ob-
tained during the thrombodynamics test, all patients in this 
group were prescribed therapeutic doses of LMWH (78 pa-
tients - 80 mg/day (40 mg 2 times a day), and 50 patients 
- 160 mg/day (80 mg 2 times a day).
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On the 7th day of complex therapy (point 2) according to the 
D-dimer level, all patients of both groups remained in a state of 
hypercoagulation. While other LCT in the 1-nd group patients 
determinated moderate hypo - or normal coagulation in all cases 
but in despite of treatment 10 patients noted a deterioration in 
their condition (increased of dyspnea, decreased oxygen satura-
tion, etc.). In 8 (6.8%) patients to the 2nd control point, against 
the background of negative dynamics of the condition, fatal out-
comes were noted.

At the same point, all 123 patients in the 2nd group were in a 
state of normal and hypocoagulation, according to LCT data. 
At the same time, despite the positive dynamics of the D-
dimer level, it remained increased in all patients. The integral 
thrombodynamics test showed that the majority of patients 
(93-75.6%) were in a state of moderate hypo - and normal co-
agulation. In 25 (20.5%) patients, a state of moderate hyper-
coagulation (expressed in excess of the V index to 32-33 mi-
crons/min) was detected, and in 5 (3.9%) patients - expressed 
hypercoagulation with the formation of spontaneous clots. 
They showed negative dynamics of treatment (progression 
of respiratory failure, decreased oxygen saturation, transfer 
to artifical lung ventilation), which could be associated with 
the progression of viral pneumonia. They adjusted the thera-
peutic dose of LMWH. By the 2nd point of the study, 5 deaths 
were noted in group 2 (3.9%).

Fig. 3. Coagulation state of patients according to Thrombody-
namics test on 14th day of treatment

By the 14th day of inpatient treatment (point 3), all 102 pa-
tients of group 1 were found to have hypo-and normal coagula-
tion, while the increased D-dimer level remained in all patients. 
However, the use of the integral global thrombodynamics test 
revealed a state of hypercoagulation in 64 patients of this group 
(including 26 patients preparing for discharge from the hospital); 
with the emergence of spontaneous fibrin clots in 11 patients, a 
state of normal coagulation was detected in 22 patients, and only 
16 patients were in a state of moderate hypocoagulation (Fig. 3).

The majority of patients in the 1st group (71 patients – 60.7%) 
with positive treatment dynamics were discharged for outpatient 
follow-up treatment on the 14th -15th day. Everyone was recom-
mended to take preventive doses of oral anticoagulants (OACs) 
for up to a month. The data obtained by the thrombodynamics 
test allowed recommending prolonged use of anticoagulants to 
26 patients. Negative dynamics of treatment by the 14th day was 
found in 38 patients of this group. They continued to be treated 
in a hospital. In 31 patients, the dose of LMWH was adjusted 
taking into account the data of the thrombodynamics test, which 
helped to improve their condition and further discharge for out-
patient follow-up treatment. By the 3rd point of the study, 7 pa-
tients of the 1-st group had a fatal outcome. The overall mortal-
ity rate in the first group of patients was 15 (12.8%) cases.

On the 14th day of inpatient treatment in 112 patients of the 
2-nd group, according to the thrombodynamics test, a state of 
hypocoagulation (V<20 microns/min) was detected, and accord-
ing to LCT - in all patients, however, the level of D-dimer again 
remained increased in all patients. All 112 patients had the posi-
tive results of treatment, and they were discharged for outpa-
tient follow-up treatment with recommendations for taking oral 
anticoagulants (OACs) in the recommended therapeutic doses 
for three months. Other 11 patients with status of moderate hy-
percoagulation (V˃30 microns/min) according to the thrombo-
dynamics test, were continued treatment in the hospital due to 
the severity of the disease. Later, all of them were discharged 
for outpatient follow-up treatment with recommendations for 
prolonged (up to 3-6 months) taking of OACs. The mortal cases 
during last period in this group were not registrated.

Thus, the results of treatment of patients in the group with 
hemostasis control using the global coagulation thrombody-

Table 3. Results of the state of hemostasis in both groups of patients

Indicator Reference 
values

At the time of admission The 7th day of inpatient 
treatment

The 14th day of inpatient 
treatment

Group 1
(n=117)

Group 2 
(n=128)

Group 1 
(n=109)

Group 2 
(n=123)

Group 1 
(n=102)

Group 2 
(n=123)

INR 0.8-1.3 1.0±0.5 0.9±0.57 1.1±0.2 1.25±0.3 0.8±0.1 0.9±0.5
PT 11-16 sec 6±2.4 9±2.7 10±1.1 12±1.17 14±2.6 17±0.5
PTI 80-120% 120±5.8 121±5.7 101±2.8 82±2.7 83±1.2 65±1.2
TT 14-21 sec 14±0.9 13±0.8 17±1.4 20±1.4 21±0.7 22±0.9

APTT 25-39 sec 23±0.3 22±0.45 37±1.7 37±2.8 40±0.3 43±0.5
Fibrinogen 1.8-3.5 g/l 4.6±0.7 4.3±0.9 3.7±0.5 3.3±1.3 3.5±0.3 3.1±0.2

D-dimer up to 250 ng/ml 2377±
979.385

2671±
1030.125

1714±
573.779

1672±
628.757

1043±
415.287

983±
292.975

Thrombo-
dynamics 

test

Tlag 0.6-1.5 min 0.68±0.26 0.9±0.24 0.94±0.31 1.16±0.23
V 20-29 mkm/ min 31.85±2.54 18.08±3.12 32±3.8 16.84±2.43

Tsp ˃30 min 22.57±3.26 ≥30 29,22±3,5 no

D 15000-32000 
c.u.

34585±
3229.25

27769±
3925.36

33164±
3641.52 -



76

	
МЕДИЦИНСКИЕ НОВОСТИ ГРУЗИИ

CFMFHSDTKJC CFVTLBWBYJ CBF[KTYB

namics test were statistically significantly better. The number 
of patients who passed during treatment to a more severe stage 
of the disease in the 2-nd group was by 1.8 times less than in 
the 1-st group (p<0.05), the number of deaths was by 3.3 times 
less (p<0.01), the number of patients with severe lung lesions 
(CT-3 and CT-4) by the third point of the study was detected in 
the 2-nd group by 3.2 times less often (p<0.01) compared to the 
1-st group. Average bed-day in the 2-nd group patients (15±1.6 
days) was by 1.6 times shorter (p<0.05) than in the 1-st group 
(24±7.2 days). The dynamics of regression of the D-dimer level 
was much more noticeable. At the same time, the dependence 
of the negative dynamics of treatment of patients with COVID 
infection, including fatal outcomes, on the detected hypercoagu-
lation, determined by the integral coagulation thrombodynamics 
test, was established.

Despite the use of the developed treatment regimens for pa-
tients with coronavirus, the results of therapy are far from ideal. 
The significant amount of severe forms of the disease and a high 
mortality rate are actual . The study showed the need for a com-
prehensive approach to the treatment of each patient, taking into 
account their individual characteristics, the state of hemostasis 
and comorbidities.

Hospitalized patients with confirmed coronavirus had differ-
ent comorbid status. The presence of diabetes mellitus, cardio-
vascular pathology, metabolic syndrome, etc. initially worsened 
the prognosis of treatment, both for the pathology they had and 
for the COVID infection that had joined. These patients reacted 
worse to treatment, showed negative dynamics of the course 
of the disease, more often moved to a more severe form of the 
disease, more often needed non-invasive ventilation of lungs 
(NIVL) and ended up on a ALV, and as a result, more patients 
were added to the numbers of fatal outcomes of treatment.

The so-called “cytokine storm” that develops in the patient’s 
body is a consequence of the simultaneous avalanche-like acti-
vation of multidirectional proteases, the kinin-kallikrein system, 
as well as pro- and anti-inflammatory cytokines, primarily the 
pro-inflammatory cytokines interleukin-1 and interleukin-6 in 
the blood of patients with COVID-19. To suppress the “cyto-
kine storm”, monoclonal inhibitors of interleukin-1 and inter-
leukin-6 are used, steroid hormones are used as immunosup-
pressive agents, but all of them have a narrow range of clinical 
applications and it is more justified at the beginning of the devel-
opment of the “cytokine storm”.

It is not unreasonable to assume that the deterioration of the 
patients’ condition is a direct consequence of microcirculation 
disorders both in the lung tissue and in the periphery, which are 
prolonged by hypercoagulative syndrome and microthrombosis 
of arterioles and venules. In turn, hypercoagulative syndrome is 
directly associated with the development of a “cytokine storm”, 
with the effect of the virus on the vascular endothelium, causing 
their thrombosis – thrombosis of small lung vessels is confirmed 
by autopsy data [18]. Autoimmune inflammation of the vascular 
endothelium with typical microthrombosis in the kidneys, in-
testines, heart, etc. was proven. It is the development of coagu-
lopathies already in the early stages of COVID-19 that allows 
attributing this disease to prothrombotic conditions that require 
active anticoagulant therapy.

The concentration of D-dimer in the blood is the second im-
portant biomarker of great importance in the case of suspected 
venous thromboembolism (VTE). Some recent studies show 
that if a patient with COVID-19 has a high level of D-dimer 
when admitted to the hospital, then the risk of death increases 
[19]. An increased concentration of fibrinogen and D-dimer 

in the blood of patients activates hypercoagulation. It is these 
indicators that are useful in assessing the severity of a patient 
with SARS-CoV-2 and are usually used to diagnose or exclude 
thrombotic processes, such as deep vein thrombosis or pulmo-
nary embolism (PE).

In almost all patients admitted to the clinic with confirmed 
SARS-CoV-2, standard laboratory parameters reflecting the 
state of the hemostatic system were within the reference val-
ues, while increased, sometimes to high numbers, D-dimer val-
ues were detected. Based on the increase in this indicator, all 
patients were diagnosed with hypercoagulation and were pre-
scribed anticoagulants. This is practically justified and appropri-
ate, taking into account the peculiarities of the pathogenesis of 
COVID infection. However, it is necessary to take into account 
the fact that the D-dimer level indicator is highly sensitive to 
any inflammatory process in the body, with very low specific-
ity. In each patient with COVID-pneumonia, in response to the 
developing massive inflammation in the lung tissue, the level of 
D-dimer sharply increases, and its values depend on the area of 
lung damage and the severity of the patient’s condition. In these 
circumstances, there is no complete confidence in the quality of 
the definition of hypercoagulative syndrome based on the data 
of the D-dimer level alone. This is confirmed by the dynamics of 
the D-dimer level against the background of anticoagulant ther-
apy in patients with COVID-pneumonia. A gradual decrease in 
the values of the D-dimer, while maintaining a sufficiently high 
reading, even in the presence of normal coagulation detected by 
the global thrombodynamics test, may indicate that this indica-
tor is maintained by the inflammatory process in the lungs.

It should be understood that the D-dimer is not a harbinger, 
but an indicator of a thrombotic event that has already occurred 
in the body. In our study, these are multiple microthrombosis at 
the level of microcirculation both in the lung tissue and on the 
periphery. An increased D-dimer is an increase in the level of 
fibrin degradation products during the lysis of an already formed 
fibrin clot, therefore, this analysis is not sufficient to prevent a 
thrombotic event. The prognosis requires the results of global 
coagulation tests, which make it possible to assess the hemo-
static system as a whole at a specific time. Thus, the integral co-
agulation thrombodynamics test allows assessing the state of the 
patient’s plasma hemostasis at the time of the test and to monitor 
the growth of a fibrin clot in real time, which reflects the holistic 
picture of its coagulation system and to adjust the dosage of an-
ticoagulants for the successful prevention of a thrombotic event.

The study showed that in the group of patients in which anti-
coagulant therapy was adjusted based on the data of the throm-
bodynamics test, they received more positive treatment results, 
and in a larger number of patients they managed to achieve a 
state of normal and hypocoagulation. Patients were statistically 
significantly less likely to develop more severe forms of the dis-
ease, were less likely to be on ALV, and fewer deaths were re-
ported. Naturally, by the time of discharge from the hospital, the 
majority of patients in both groups retained elevated levels of 
D-dimer, and hypercoagulation detected in a number of patients 
by the global thrombodynamics test required prolongation of an-
ticoagulant therapy at the outpatient stage of treatment.

Thus, the results of the study showed the need for an indi-
vidual approach when choosing a comprehensive treatment 
regimen in all patients, especially in those with a burdened co-
morbid background. The severity of the patients’ condition and 
the dynamics of their symptoms during treatment depend on the 
state of microcirculation in the lungs and on the periphery and 
the volume of their thrombotic lesion. Anticoagulant therapy 
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prescribed as early as possible in adequate therapeutic doses 
(UFH, LMWH) in all patients with a confirmed diagnosis of 
SARS-CoV-2 with associated viral pneumonia allowed achiev-
ing generally positive treatment results. It should be noted that 
the global coagulation thrombodynamics test is highly effective 
for timely assessment and correction of the state of the hemo-
static system (hypercoagulation syndrome, state of thrombotic 
readiness and prevention of PE) in the course of treatment in 
this group of patients.

Conclusions. The state of microcirculation in the lungs and 
on the periphery and the degree of its thrombotic damage deter-
mine the severity of the condition of patients with SARS-CoV-2 
and affect the prospects for their treatment.

Local coagulation tests (LCT) and the level of D-dimer do not 
always reflect the state of hypercoagulation in patients with SARS-
CoV-2 adequately and are dependent on the degree of lung damage, 
which may affect the tactics and results of treatment.

The integral coagulation thrombodynamics test showed high 
informativity for the prevention of VTE and for the correction of 
hemostasis in patients with SARS-CoV-2.

Timely correction of anticoagulant therapy based on the data 
of the global coagulation thrombodynamics test allowed im-
proving the results of complex treatment in almost one fifth of 
patients with SARS-CoV-2 infection. 
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SUMMARY

ROLE OF THROMBODYNAMICS GLOBAL COAGULA-
TION TEST IN IMPROVING TREATMENT RESULTS 
IN PATIENTS WITH CORONAVIRUS INFECTION AT A 
COVID-19 HOSPITAL

Krylov A., Khorobrykh T., Petrovskaya A., Khmyrova S., 
Agadzhanov V., Khusainova N.

First Moscow State Medical University I.M. Sechenov (Sech-
enov University), Russian Federation

The aim of the study was to evaluate the effectiveness of the 
global coagulation test of thrombodynamics for monitoring and 
correcting the hemostatic system and improving the results of 
complex treatment in patients with SARS-CoV-2 in the COVID 
hospital.

From April 2020 to December 2020 on the basis of the Uni-
versity Clinical Hospital No. 4 of the First Moscow State Medi-
cal University named I.M. Sechenov (Sechenov University) of 
the Ministry of Health of the Russian Federation 245 patients 
between the ages of 27 and 89 with SARS-CoV-2 associated 
pneumonia were treated. The mean age of the patients was 56.7 ± 
4.2 years. All patients participating in the study were divided by 
simple randomization into two groups. The volume of lesion of 
the lung parenchyma was assessed according to the data of com-
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puted tomography. All patients were treated for SARS-CoV-2 
in a comprehensive manner in accordance with the temporary 
guidelines of the Ministry of Health of the Russian Federation 
with the mandatory prescription of low molecular weight hepa-
rins (LMWH). Assessment and correction of the hemostasis sys-
tem in 177 patients (47.7%) of group 1 was carried out daily us-
ing local coagulation tests (LCT), including APTT, PT, TT, PTI, 
INR, Fibrinogen and D-dimer level. The second group included 
128 patients (52.3%), who, in addition to local coagulation tests, 
used the integral coagulation test - the thrombodynamics test- to 
assess and correct the state of the hemostatic system. Assess-
ment and correction of hemostasis were performed at the control 
points (1, 7, 14 days) of the study. 

Compared to LCT, the thrombodynamics test reliably more of-
ten revealed the state of hypercoagulability, which was promptly 
corrected by increased doses of LMWH in group 2. Positive 
dynamics of clinical symptoms were detected in patients of 
group 2 1.8 times more often than in group 1 (p<0.05): fever 
and shortness of breath in group 2 decreased faster, the SpO2 
index recovered more rapidly, especially in patients with severe 
hypoxia (with SpO2<90), the number of patients with moderate 
and severe severity by the third point of the study in group 2 was 
1.8 times less than in group 1 (p<0.05). Severe forms of lung 
damage (CT-3 and CT-4) were detected in group 2 3.2 times less 
frequently (p <0.01) compared with group 1, and the number of 
deaths was 3.3 times less frequent (p<0.01) by the end of the 
study. The average bed-day in group 2 of patients (15±1.6 days) 
was 1.6 times shorter than in group 1 (24±7.2 days). Hemor-
rhagic complications were not recorded, despite the therapeutic 
doses of LMWH in patients of group 2.

The severity of the condition of patients with SARS-CoV-2 and 
the dynamics of their symptoms depend on the state of microcircu-
lation in the lungs and in the periphery and on the volume of throm-
botic lesions. Anticoagulant therapy prescribed as early as possible 
in adequate therapeutic doses in patients with SARS-CoV-2 associ-
ated viral pneumonia made it possible to achieve positive treatment 
results. The use of the global coagulation thrombodynamics test has 
shown high efficiency for the timely assessment and correction of 
the state of the hemostasis system.

Keywords: coronavirus infection, hypercoagulable syn-
drome, anticoagulant therapy, thrombodynamics test.

РЕЗЮМЕ

ВОЗМОЖНОСТИ ГЛОБАЛЬНОГО ТЕСТА ТРОМБО-
ДИНАМИКИ ДЛЯ УЛУЧШЕНИЯ РЕЗУЛЬТАТОВ ЛЕ-
ЧЕНИЯ БОЛЬНЫХ КОРОНАВИРУСНОЙ ИНФЕКЦИ-
ЕЙ В УСЛОВИЯХ COVID-СТАЦИОНАРА

Крылов А.Ю., Хоробрых Т.В., Петровская А.А., 
Хмырова С.Е., Агаджанов В.Г., Хусаинова Н.Р.

ФГАУ ВО Первый МГМУ им. И.М. Сеченова (Сеченовский 
Университет), Россия

Цель исследования – оценить эффективность использо-
вания глобального коагуляционного теста тромбодинамики 
для контроля и коррекции системы гемостаза и улучшения 
результатов комплексного лечения у пациентов с SARS-
CoV-2 в COVID-стационаре. 

С апреля по декабрь 2020 года на базе Университетской 
клинической больницы №4 Первого МГМУ им. И.М. Се-
ченова (Сеченовский Университет) МЗ РФ пролечено 245 

пациентов с SARS-CoV-2 ассоциированной пневмонией в 
возрасте от 27 до 89 лет. Средний возраст – 56,7±4,2 г. Всех 
больных методом простой рандомизации разделили на две 
группы. Объем поражения паренхимы легких оценивали по 
данным компьютерной томографии. Лечение всех больных 
по поводу SARS-CoV-2 проводили комплексно в соответ-
ствии с временными методическими рекомендациями МЗ 
РФ с обязательным назначением низкомолекулярных гепа-
ринов (НМГ). Оценку и корректировку системы гемостаза 
у 177 (47,7%) больных I группы проводили ежедневно при 
помощи локальных коагуляционных тестов (ЛКТ), вклю-
чавших АЧТВ, ПВ, ТВ, ПТИ, МНО, фибриноген и уровень 
Д-димера. Во II группу включено 128 (52,3%) пациентов, 
которым, помимо ЛКТ, применяли интегральный коагуля-
ционный тест - тест тромбодинамики, на основании данных 
которого корректировали дозу НМГ. Оценку и корректиров-
ку гемостаза проводили в контрольных точках исследова-
ния на 1, 7, 14 сутки. 

В сравнении с ЛКТ, тест тромбодинамики достоверно чаще 
выявлял состояние гиперкоагуляции, которое своевременно 
скорректировано повышенными дозами НМГ во II группе. 
Положительная динамика клинических симптомов выявле-
на у них в 1,8 раза чаще, чем в I группе (p<0,05): лихорадка 
и одышка уменьшались быстрее, SpO2 восстанавливался более 
быстрыми темпами, особенно при SpO2<90, на 14 сутки коли-
чество больных средней и тяжелой степени тяжести во II груп-
пе было в 1,8 раза меньше, чем в I группе (p<0,05). Тяжелые 
формы поражения легких (КТ-3 и КТ-4) выявлены во II группе 
в 3,2 раза реже (p<0,01) в сравнении с I группой, а количество 
летальных исходов - в 3,3 раза реже (p<0,01) к концу исследо-
вания. Средний койко-день во II группе больных (15±1,6 дней) 
был в 1,6 раза меньше, чем в I группе (24±7.2 дня). Несмотря 
на лечебные дозы НМГ у пациентов II группы геморрагиче-
ских осложнений не зарегистрировано.

Тяжесть состояния больных SARS-CoV-2 и динамика их 
симптомов зависят от состояния микроциркуляции в легких 
и на периферии и от объема тромботического поражения. 
Максимально рано назначенная в адекватных лечебных до-
зах антикоагулянтная терапия у пациентов с SARS-CoV-2 
ассоциированной вирусной пневмонией позволила до-
биться положительных результатов лечения. Применение 
глобального коагуляционного теста тромбодинамики позво-
лило своевременно оценить и эффективно скорректировать 
состояние системы гемостаза. 

reziume

globaluri Trombodinamikis testis SesaZle-
blobebi koronavirusuli infeqciiT daavadebul 
pacientTa mkurnalobis Sedegebis gasaumjobese-
blad COVID-stacionaris pirobebSi

a.krilovi, t.xorobrixi, a.petrovskaia, s.xmirova, 
v.agajanovi, n.xusainova

umaRlesi ganaTlebis federaluri saxelmwifo av-
tonomiuri saganmanaTleblo dawesebuleba i. seCe-
novis sax. moskovis pirveli saxelmwifo samedi-
cino universiteti (seCenovis universiteti), ruseTi

kvlevis mizans warmoadgenda Trombodinami-
kis globaluri koagulaciuri testis gamoye-
nebis efeqturobis Sefaseba hemostazis siste-
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mis kontrolisa da koreqciisTvis, kompleqsuri 
mkurnalobis Sedegebis gasaumjobeseblad SARS-
CoV-2 pacientebSi COVID-stacionarSi. 
2020 wlis aprilidan dekembramde rf jandacvis 

saministros i. seCenovis sax. moskovis pirveli 
saxelmwifo samedicino universitetis (seCenovis 
universiteti) №4  sauniversiteto klinikur sa-
avadmyofos bazaze mkurnaloba Cautarda 27-dan 
89 wlamde asakis 245 pacients SARS-CoV-2 asocire-
buli pnevmoniiT. saSualo asaki - 56,7±4,2 w. avad-
myofebi daiyo or jgufad martivi randomiza-
ciis meTodiT. filtvebis parenqimis dazianebis 
moculoba Sefasda kompiuteruli tomografi-
is monacemebiT. yvela pacients SARS-CoV-2-is 
mkurnaloba Cautarda kompleqsurad, rf jandac-
vis saministros droebiTi saxelmZRvanelo reko-
mendaciebis Sesabamisad dabali molekuluri wo-
nis heparinebis (dmwh) savaldebulo daniSvniT. 
hemostazis sistemis Sefaseba da koreqcia I  jgu-
fis 177  (47.7%) pacientSi xdeboda yoveldRiurad 
lokaluri koagulaciuri testebis gamoyenebiT, 
maT Soris: aqtivirebuli nawilobrivi Trombo-
plastinis dro, Trombinis dro, proTrombinis 
indeqsi, saerTaSoriso normalizebuli Tanafar-
doba, fibrogeni da d-dimeris done. II  jgufi 
Seadgina 128 (52,3%) pacientma, romelTaTvis, lo-
kaluri koagulaciuri testebis garda, gamoye-
nebuli iyo integraluri koagulaciuri testi 
- Trombodinamikis testi, romlis safuZvelzec 
xdeboda dabali molekuluri heparinebis dozis 
koreqtireba. hemostazis kvlevis Sefaseba da ko-
reqtireba Catarda kvlevis sakontrolo punqteb-
Si pirvel, meSvide, meToTxmete dRes.
lokaluri koagulaciuri testebis SedarebiT, 

Trombodinamikis testi saimedod ufro xSirad 
avlenda hiperkoagulaciis mdgomareobas, ro-
melic iyo dauyovnebliv koreqtirebuli dabali 
molekuluri heparinebis gazrdili dozebiT II  
jgufSi. klinikuri simptomebis dadebiTi din-
amika maTSi 1,8-jer ufro xSirad gamovlinda, 
vidre I  jgufSi (p<0,05): cieba da qoSini ufro 
swrafad Semcirda, SpO2 ufro swrafad aRdga, gan-
sakuTrebiT, rodesac SpO2<90, saSualo da mZime 
simZimis mqone pacientebis raodenoba II  jgufSi 
1,8-jer naklebi iyo, vidre I  jgufSi (p<0,05) meToTx-
mete dRes. filtvebis dazianebis mZime formebi (kt-3 
da kt-4) II  jgufSi gamovlinda 3,2-jer ufro iS-
viaTad (p<0,01) I  jgufTan SedarebiT, xolo leta-
luri dasasrulis raodenoba - 3,3-jer iSviaTad 
(p<0,01) kvlevis bolos. pacientebis II  jgufSi sa-
Sualo sawolis dRe (15±1,6 dRe) 1,6-jer naklebi 
iyo, vidre I  jgufSi (24±7,2 dRe). dabali mole-
kuluri wonis heparinebis Terapiuli dozebis 
miuxedavad, II  jgufis pacientebSi hemoragiuli 
garTulebebi ar dafiqsirda.

SARS-CoV-2 daavadebuli pacientebis mdgo-
mareobis simZime da maTi simptomebis dinamika 
damokidebulia filtvebSi da periferiaze mik-
rocirkulaciis mdgomareobaze da Trombozuli 
dazianebis moculobaze. maqsimalurad adre da-
niSnuli antikoagulantuli Terapia adekvatur 
samkurnalo dozebSi SARS-CoV-2-Tan asocirebul 
virusul pnevmoniiT daavadebul pacientebisaT-
vis SesaZlebels xdis mkurnalobis dadebiT 
Sedegebis miRwevas. Trombodinamikis globaluri 
koagulaciuri testis gamoyenebam gamoavlina 
maRali efeqturoba hemostazis sistemis mdgo-
mareobis droul Sefasebasa da koreqciaSi.

LASER THERMAL ABLATION OF BENIGN THYROID NODULES AS AN EFFECTIVE, 
SAFE AND MINIMALLY INVASIVE METHOD FOR TREATING NODULAR GOITER (REVIEW)

1Petrov V., 1Molozhavenko E., 2Ivashina E., 1Sozonov A., 1Baksheev E.

1Tyumen State Medical University; 2Multidisciplinary Consultative and Diagnostic Center, Russia

Thyroid nodules (nodules of the thyroid gland — TG) are a 
fairly common pathology. By the age of 80, about 80% of people 
have one or more nodules in the TG, but the vast majority of 
them are benign. Most of the newly discovered nodules are not 
clinically relevant to the patient, since they are not malignant 
and do not show any symptoms. The risk of developing carci-
noma among all nodules in the TG is 1-10% [22]. Most benign 
nodules are not fatal to the human body and do not require any 
special treatment; however, when a compression syndrome or 
cosmetic defect occurs, treatment is necessary, including sur-
gery [4, 13, 18, 23]. Nevertheless, even if at the time of detection 

the nodule in the TG does not have a clinically significant effect 
on the patient’s quality of life, there is a possibility that it will 
appear in the future. Thus, according to the data of Russian and 
foreign authors, most nodules increase in size [2, 43], which in 
the future can lead to the formation of compression syndrome. 
E.K. Alexander showed that an increase in the size of nodules 
by more than 15% over 5 years occurred in 89% of observations 
[2]. Approximately 5% of long-term colloidal nodules can lead 
to the formation of functional autonomy and the development of 
thyrotoxicosis, effective treatment for which is the removal of 
hyperfunctioning TG tissue [21].


