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For the first time on the Fergana Valley model, prognostic markers of the risk of thrombotic
complications in COVID-19 patients with type 2 diabetes were studied. It was found that the level of
glycemia, the concentration of proinflammatory cytokines IL-6, ferritin and CRP, and the marker of
thrombus formation - d dimer, have a prognostic significance, with the maximum prognostic
significance of the concentration of CRP. The prognostic significance of ultrasound in the aspect of
thrombosis of the branches of the PA in patients with COVID-19 against the background of type 2
diabetes was established. Predictor markers are mean PA pressure, LV myocardial mass index, signs
of increased intraventricular pressure in the RV, and evidence of peripheral venous thrombosis.

COVID-19, pulmonary artery thrombosis, type 2 DM.

The new coronavirus infection COVID-19 is a
new challenge to the global healthcare system,
which in the first 7-8 months led to more than
10 million cases and more than 500 thousand
deaths [9,10]. The complex pathogenetic
cascade of the disease leads in severe cases to
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the development of interstitial pneumonia,
progressing to acute respiratory distress
syndrome (ARDS), sepsis and multiple organ
failure [3]. The main risk factors for severe
course, development of complications and
mortality in patients with COVID-19 are old and
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senile age and obesity [6]. An important
pathogenetic mechanism is hypercoagulation
against the background of excessive activation
of inflammation [3,4,7]. This position is
confirmed by the detection of a high
concentration of pro-inflammatory cytokines
and markers and procoagulant markers, as well
as a correlation between the concentration of
interleukin-17 (IL-17) and fibrinogen [11]. Direct
viral activation of the coagulation cascade is
also not excluded. Coagulopathy includes
sepsis-induced  coagulopathy (SIC) and
disseminated intravascular ~ coagulation
syndrome (DIC-s) with a tendency to
hypercogulation and rare episodes of
hemorrhage due to consumption
coagulopathy [1]. Prothrombotic shifts in the
coagulation system and thromboembolic
events often complicate the clinical course of
COVID-19, and are also often observed and
cause death in patients with severe and
extremely severe disease [2,5]. The mortality
rate in this cohort of patients is 8-26% [9].
Massive PE is the cause of death for three
COVID-19 patients [1]. Thromboembolic events
are recorded in 7.7-49% of patients with COVID-
19 [5,7,11], which is significantly higher than in
patients without COVID-19.

This study carried out on the model of the
Fergana Valley. The study was conducted in
two stages - retrospective and prospective and
included 392 patients in whom COVID-19
developed against the background of type 2
diabetes, the study did not include patients on
chronic anticoagulant therapy, as well as
patients with atrial fibrillation and deep vein
thrombophlebitis in history. patients on
programmed hemodialysis, patients with
malignant neoplasms.
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The first stage of the study consisted in a
retrospective comparison of case histories of
two groups of type 2 diabetes patients who
underwent COVID-19: patients who had
pulmonary artery branch thrombosis during
the infectious period of SARS-CoV2 infection
(45 patients, group T +) and patients without
thrombotic complications of SARS-CoV2
infection (45 patients, group T). Group T was
recruited according to the “case-control”
principle: for each case history of the first
group, a case history of a patient with the same
volume of pulmonary parenchymal lesion and
severity of infection and comparable age (+ 5
years), but without thrombotic complications,
was matched. Verification of the diagnosis
"thrombosis of the branches of the pulmonary
artery" was carried out according to the data
of MSCT-angiopulmonography.

The second stage of the study was devoted to
the study of the preventive efficacy of various
therapy options in the aspect of thrombosis of
the pulmonary artery branches. For this
purpose, 3 groups of patients with diabetes
mellitus 2 were formed, hospitalized in
connection with COVID-19 of moderate,
severe, and extremely severe degree, with a
high risk of thrombosis of the branches of the
pulmonary artery. All patients received the
recommended  therapy for  COVID-19
associated interstitial pneumonia, including
anticoagulant therapy. Patients of group P (102
patients) received rivaroxaban orally as an
anticoagulant as part of therapy, at a dose of
20 mg/day once; patients of group D (100
patients) - unfractionated heparin in the form
of subcutaneous injections, four times a day
(every 6 hours), the first dose - 5000 units (1
ml), with subsequent dose adjustment
depending on the APTT; patients of the LMWH
group (100 patients) - low molecular weight
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heparin in the form of subcutaneous injections
twice a day (every 12 hours) at a dose of 0.1 ml
per 10 kg of body weight each injection. The
observation of patients lasted for 1 month,
during which cases of thrombosis of the
branches of the pulmonary artery were
recorded in all compared groups. As a control
group, 20 healthy volunteers of comparable
age without signs of the pathology of the
respiratory and cardiovascular systems were
examined.

RESULT AND DISCUSSION

During the first stage, a retrospective
comparison of patients with COVID-19, who
developed against the background of diabetes
mellitus 2 types, depending on the thrombosis
of the branches of the LA. The groups were
randomized according to the age of the
patients, the severity of SARS-CoV2 infection,
and the volume of lung tissue affected.

The study of some clinical features in patients
with T2DM hospitalized for COVID-19, and

distributed retrospectively depending on
thrombosis of the pulmonary artery branches,
revealed that thrombosis is associated with a
longer duration of hospitalization (p <0.05), a
longer period without anticoagulant therapy (p
<0.01), while the duration of the febrile period
in the groups did not differ (Fig. 1).

The study of the predictor significance of the
described clinical features of the infection did
not reveal a significant change in the relative
risk of thrombosis in patients with the duration
of hospitalization and duration without an
anticoagulant period above the median: for
example, the duration of hospitalization more
than 19.45 days was observed in 45 patients
from whom thrombosis developed in 25
(55.56% versus 44.44% in patients with a
hospital stay of fewer than 19.45 days, chi-
square = 1.16, nd), duration without an
anticoagulant period of more than 9.25 days
was observed in 45 patients, of whom
thrombosis developed in 26 (57.78% versus
42.22% in patients with a shorter period without
anticoagulant, chi-square = 2.22, nd).

Figure 1. Features of the course of COVID-19 in patients with
type 2 diabetes, depending on thrombosis of the branches of
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Note: * - reliability of intergroup differences: one sign - p <0.05, two signs - p <0.01.
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Thrombosis of the LA branches was associated
with a higher level of glycemia upon admission
to an infectious diseases hospital (p <0.001,
Table 1). The concentration of fibrinogen did
not differ in patients depending on the
development of thrombotic complications,
which is probably due to the fact that
fibrinogen is a marker of inflammation, not
coagulation. produced by
hepatocytes stimulated by
proinflammatory cytokines since its biological

Fibrinogen is
when

role is to create the basis of reparative scar
tissue. A comparative study showed that in
patients in whom COVID-19 was complicated by
thrombosis of the branches of the pulmonary
inflammation  and

artery, markers of

thrombosis were significantly increased

compared with patients without thrombotic
intergroup

complications  (significance of

differences for all parameters - p <0.001).
Correlation found that the
concentration of D dimer in the peripheral

analysis

blood reliably and strongly correlates directly
with the severity of glycemia (r = 0.76, p <0.01),
and directly with the average strength - with
the concentration of inflammatory markers
such as ferritin (r = 0.59, p <0.01), IL-6 (r = 0.59,
p <0.01) and CRP (r = 0.62, p <0.01). This result
confirms the hypothesis of inflammatory
induction of thrombus formation in patients
with viral interstitial pneumonia.

There are no significant relationships between
the D dimer concentration and the duration of
the febrile period (r = -0.03, nd), without the
anticoagulant period (r = 0.01, nd), and the
duration of hospitalization (r = 0.09, nd)
discovered.

Table 1

Comparative characteristics of type 2 diabetes patients hospitalized due to COVID-19,
depending on the development of LA thrombosis

Significance of
T+(n=45) difference between
Indicators group T- (n=45) group groups median
Glucose, mmol /| 9,81%0,45 7,35%0,46 P<0,001 8,15

Fibrinogen, g /| 8,84+0,10 9,02+0,10 HA, 8,95
d dimer, mg /| 4,76+0,33 2,3410,32 P<0,001 2,70
Ferritin, ng / ml 1101,04+84,80 628,56+81,70 P<0,001 676,50

IL-6, pg /[ ml 84,00+6,09 39,07%5,95 P<0,001 45,00

CRP, mg /| 50,84+2,51 28,20+2,36 P<0,001 32,00

Based on the data obtained, an analysis of the

predictor significance in the aspect of
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thrombosis of the branches of the PA of
laboratory markers was carried out, which
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significantly differed between the groups
(Table 2). It was found that fasting glycemia
upon admission to an infectious diseases
hospital above 8.15 mmol / | is associated with
an increase in the relative risk of thrombosis of
the branches of the pulmonary artery by
almost 2.5 times (p <0.001), an increase in the
concentration of D-dimer above 2.7 mg |/ |,

ferritin above 676.5 ng [ ml and IL-6 above 45
pg/ml-by 3.23,2.45 and 3.23 times, respectively
(p <0.001 for all three markers), and the highest
predictor significance was demonstrated by
the concentration of CRP - an increase in the
level of more 32 mg / L, increases the relative
risk of thrombosis by 6.2 times (p <0.001).

Table 2

Predictive significance of laboratory markers of inflammation and thrombosis in patients
with T2DM hospitalized for SARS-CoV2 infection in terms of the risk of developing thrombosis of
the pulmonary artery branches

Indicator Predictor Frequency of Frequency of Chi- OR of
(median) adverse events in adverse events in square events in
patients in the patients without a presence of
presence of a predictor, number of a predictor
predictor, number of | events/number of
events/number of persons without a
persons with a predictor (%)
predictor (%)
Glycemia, >8,15 32/45 (71,11%) 13/45 (28,89%) 16,09%** 2,46
mmol/L
d dimer, 34/44 11/46 25,66%** 3,23
mg /L
>2,70
Ferritin, ng 32/45 13/45 16,09%** 2,46
[ ml
>676,50
L-6, pg/ml >45,00 34/44 11/46 25,66%** 3,23
CRP, mg/ | >32,00 38/42 7/48 51,65%** 6,20

Note: * - reliability of the chi square test: three signs - p <0.001
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The death rate in patients with COVID-19
against the background of type 2 diabetes
with a high risk of thrombotic events is 34%,
which is 2.72 times higher than in patients
with  a low risk of thrombotic
complications. The developed combined
scale for assessing the risk of thrombotic
events in patients with COVID-19 against
the background of type 2 diabetes has a
predictive sensitivity in relation to the risk
of hospital mortality 77.72%, specificity -
51.47%, predictive efficiency - 57.78%. The
use of long-term anticoagulant therapy
reduces the risk of hospital death by 2.44
times (up to 13.91%).

The introduction of long-term
anticoagulant therapy into the therapy
regimen for patients with COVID-19 against
the background of type 2 diabetes, with a
high risk of thrombotic events, can reduce
the risk of thrombosis of the branches of
the LA: the use of rivaroxaban 20 mg per
day from 82% to 65.69% (chi-square = 4.49,
p <0.05), subcutaneous heparin every 6
hours at a dose administered until the
target APTT level is reached up to 64% (chi-
square = 5.29, p <0.01), low molecular
weight heparin at a dose of 0.1 ml/10kg s /
c every 12 hours up to 49% (chi-square =
15.25, p <0.001). Low molecular weight
heparin therapy (chi-square (2x3) = 7.04, p
<0.05) has the highest preventive efficacy
in terms of thrombotic events compared
with rivaroxaban and unfractionated
heparin.

The use of long-term anticoagulant therapy
contributes to a significant decrease in the
concentration of D dimer in the peripheral
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blood with the most pronounced effect of
low molecular weight heparin (decrease by
53.75%, p <0.001 with the initial data, p
<0.05 reliability of the difference in relative
dynamics with the rivaroxaban and
unfractionated heparin groups) compared
with rivaroxaban (27.53% decrease, p
<0.001) and unfractionated heparin (23.12%
decrease, p <0.001)
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