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ARTICLE INFO ABSTRACT

Keywords: Background: Venous thromboembolism (VTE) with the prevalence of pulmonary microcirculatory thrombosis is
Autopsy considered a common complication of novel coronavirus disease (COVID-19) that develops despite
COVID-19

anticoagulation.

Methods: The clinical course of the disease and the autopsy findings of seven deceased patients with verified
COVID-19 were analyzed. The chest computed tomography (CT) scan was routinely performed while CT pul-
monary angiography and a duplex ultrasound scan (DUS) of the lower limbs were used in cases of suspected VTE.
The VTE prophylaxis was administered to all patients with intermediate or therapeutic doses of low-molecular-
weight heparin. The histological examination of the lung tissue and other organs was performed with partic-
ular attention paid to the pulmonary vasculature.

Results: Venous thromboembolism, including deep vein thrombosis in one patient and pulmonary artery throm-
bosis in two patients, was confirmed by imaging tests despite anticoagulation. Systemic thrombolysis was per-
formed in two patients with putative and confirmed pulmonary embolism. An autopsy revealed the signs of acute
respiratory distress syndrome in all seven patients. Abnormalities of lung vessels were found in all cases and were
represented by dystrophy and necrosis in the endothelium and muscle fibers, and by infiltration by plasmatic
cells, neutrophils, and lymphocytes. Multiple clots of variable maturity were observed. All those changes devel-
oped despite anticoagulation and were preserved after systemic thrombolysis.

Conclusion: Inflammatory and prothrombotic changes in the arterial wall in parallel with the lack of lung perfusion
may cause diffuse arterial thrombosis in the lungs. This background may be responsible for the low response to
systemic anticoagulation and thrombolysis in severe forms of COVID-19.

Deep vein thrombosis
Pulmonary embolism
Pulmonary artery thrombosis
Vascular endothelium

1. Background detailed histological findings became available. The results of morpho-

logical studies showed that thrombus formation in the branches of the

Over six months have passed since the start of the worldwide
pandemic with the spread of the SARS-CoV-2 virus, but several questions
about the pathogenesis and treatment of the disease remain unresolved.
A large amount of data on the thrombotic complications of coronavirus
disease (COVID-19) has been collected over time. A specific feature of
these data is a high prevalence of thrombosis in the vasculature of the
pulmonary artery (PA) prevailing over a deep vein thrombosis (DVT) in
lower limbs [1-3]. Such findings were regarded as thromboembolic until

pulmonary artery has the underlying inflammatory abnormalities in the
vessel wall caused by the cytotoxic effect of both the virus itself and the
activated immune cells [4-6]. Increased D-dimer and other coagulation
disturbances that are characteristic of patients with severe COVID-19
allow considering disseminated intravascular coagulation (DIC) as one
of the possible causes of thrombosis in the lung vessels and other organs
(liver, kidney, pelvic veins)[6-9].

The appearance of venous thromboembolism (VTE) in patients with
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COVID-19 is associated with unfavorable outcomes [10]. However, there
is no single approach to the prevention of VTE in COVID-19, and the
guidelines regarding anticoagulant prophylaxis and therapy vary across
societies [11-13]. Thrombotic complications are registered despite the
administration of both prophylactic and therapeutic anticoagulation [2,
3]. However, individual studies suggest reduced mortality with thera-
peutic anticoagulation in patients on mechanical ventilation, although its
rates remain high [14].

Considering the fact that thrombosis of lung vessels can deteriorate
the respiratory function and general status of the patient, systemic
thrombolysis has been suggested to improve treatment outcomes. How-
ever, the published data indicate only temporary benefits in blood
oxygenation, with no reported long-term results [15,16].

This study aimed to assess histological abnormalities in the pulmo-
nary vasculature in the setting of anticoagulant, thrombolytic, and anti-
cytokine therapy in deceased patients with COVID-19.

2. Methods

We analyzed the clinical course of the disease and the autopsy find-
ings of seven patients with COVID-19 who passed away at the Clinical
Hospital no.1 of the President’s Administration of the Russian Federation
and the Moscow City Hospital no.24 (Moscow, Russia). Both clinical
centers were reprofiled into an infection hospital during the pandemic.
Clinical Hospital no.1 took persons with COVID-19 from April 30 to May
30, 2020; six deceased patients underwent dissection within this period.
The routine autopsy was not performed at the Moscow City Hospital
no.24, which has been used as an infection hospital from April 20 to
August 10, 2020, though one selective dissection was done. The results
were included in this analysis.

The patients with increased body temperature and acute respiratory
symptoms were admitted to the clinical centers. At admission, all of them
underwent a reverse transcription-polymerase chain reaction (PCR) test
for the detection of SARS-CoV-2 and chest computed tomography (CT).
The chest CT was repeated with the patient’s deterioration, and CT
pulmonary angiography (CTPA) was used in the case of suspicion of
pulmonary embolism (PE). A duplex ultrasound scan (DUS) of the lower
limbs was used to exclude deep vein thrombosis (DVT) in case of clinical
suspicion or identification of the source of PE.

In accordance with the national guidelines for the management of
COVID-19, patients received the following therapy: specific drugs
(hydroxychloroquine in combination with azithromycin, lopinavir/rito-
navir), antibiotics (vancomycin, meropenem, ceftriaxone), respiratory
support, and symptomatic treatment. The VTE prophylaxis was per-
formed with intermediate doses of low-molecular-weight heparin
(LMWH, enoxaparin of 40-60 mg twice daily) that were escalated to
therapeutic doses (1 mg/kg twice daily) due to putative or confirmed
VTE. Systemic thrombolysis for the alleged or confirmed PE was per-
formed by a recombinant tissue plasminogen activator (tPA) dose of 100
mg intravenously over 2 h in two cases.

One deceased patient was selected for a non-routine autopsy. He had
been admitted to the intensive care unit with a critical disease and
received mechanical ventilation three weeks after the onset of the
symptoms when he had not received specific treatment. Despite this, he
died 15 h after admission. The reason for this dissection was to specify
histological changes in the absence of pharmacological influence.

Dissection was performed using the standard methodology, with the
use of protective measures similar to those utilized when caring for pa-
tients with COVID-19. The search for potential sources of PE in deep
veins of both legs was carried out. Autopsy samples were fixed in
formalin. The tissues of the lungs, trachea, bronchi, brain, heart, liver,
kidneys, and spleen were examined. The specimens were stained with
hematoxylin and eosin. Immunohistological analysis was not performed.
The primary objective of the examination was the evaluation of abnor-
malities and thrombotic processes in the lung vasculature.

No informed consent was necessary from the families. All performed
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procedures and investigations were performed in accordance with the
ethical standards of the Institutional Reviewal Boards. The study was
conducted without any financial support or funding.

3. Findings
3.1. Clinical characteristics of patients

The general demographic data of deceased patients are represented in
Table 1. The PCR test confirmed the diagnosis of SARS-CoV-2 infection in
five cases. The patients no. 2 and 3 were PCR-negative but had a typical
pattern of disease (ground-glass opacities) on the chest CT scan, which
allowed confirmation of the diagnosis according to the national
guidelines.

The first chest CT scan at admission detected multisegmental viral
pneumonia in all patients, with the involvement of at least 70-75% of the
lung tissue. A multifold increase in ferritin and lactate dehydrogenase
(LDH) levels was typical for the patients (Table 2). The D-dimer increased
moderately with higher levels (4.2-21.3 mg/L) in critically ill patients.
The other changes in hemostasis could be interpreted as a hypo-
coagulation state (Table 3). None of the patients with available param-
eters of coagulation fulfilled the criteria of DIC by the International
Society of Thrombosis and Hemostasis [17]. Thrombocytopenia, with a
decrease in platelet count <150 x 10°/L, was observed in only two out of
seven patients. Increased prothrombin time and fibrinogen level were not
typical for analyzed patients (Table 3).

The dramatic deterioration of three patients was suggested as PE and
required CTPA, which was done in two cases and revealed thrombosis of
minor branches of PA (Table 1). The clinical signs of patient no.3 were
interpreted as putative PE due to the inability to perform CTPA. The DUS
did not confirm any source of pulmonary embolism.

Systemic thrombolysis with tPA was performed in two cases of pu-
tative and confirmed PE (patients no.3 and no.6) without any hemor-
rhagic consequences. The therapy resulted in the time-limited
improvement of blood oxygenation and the clinical course of the disease.
Patient no.3 increased saturation from 70% to 97% in parallel with the
improvement of other blood gases (Table 4) and was excommunicated
from a ventilator. However, he returned to non-invasive and invasive
ventilation at six days after lysis and died a short time later. Patient no.6
did not show pronounced improvement after thrombolysis. His satura-
tion fluctuated between 77 and 82% (up to 93% with FiO5 86%) prior to
lysis and 86-89% (up to 96% with FiO, 60%) after it, with a further
progressive decrease that required invasive ventilation at day 4 and
resulted in death at day 12 after treatment.

3.2. Pathological characteristics of the disease

3.2.1. General characteristics of the morphological abnormalities

A histological examination of the lungs showed a typical COVID-19
pattern with the development of acute respiratory distress syndrome
(ARDS) changes in all patients. Accumulation of fluid with an admixture
of surfactant, desquamated epithelium, alveolar macrophages, and neu-
trophils was discovered in the alveolar lumina. Focal epithelial prolif-
eration with the formation of syncytia was registered in parallel with
desquamation. Giant epithelial cells with viral particles and signs of
pyroptosis were detected in the epithelium of some alveoli and their
lumina. Typical changes included the formation of fibrin and hyaline
membranes in the alveolar space (Fig. 1). Emphysematous dilation of
some alveoli with the establishment of large cavities was registered. The
irregular thickness of the alveolar septa was typical in such cases. Some of
these septa were thickened with proliferating septal cells while other
single septa were sclerotic. These findings reflect the presence of both
exudative and proliferative phases of the disease in different parts of the
lungs. Alveolar septa adjacent to the bronchi and blood vessels were
infiltrated by lymphoid and plasmatic cells as well as histiocytes.

Hypertrophy of muscle fibers was found in the bronchi and
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Table 1
Clinical characteristics and venous thromboembolism in analyzed patients.
Patient Sex Age, years Results of PCR Duration of inpatient Body weight, BMI, kg/ VTE
no. old test treatment, days kg m? n
DVT PE
1 female 83 positive 16 72 265 Calf muscle veins by No clinical signs
DUS
2 male 79 negative 15 85 29-4 No clinical signs Minor branches of PA by
CTPA
3 male 59 negative 14 80 27-4 Excluded by DUS Putative by clinical signs
4 male 86 positive 1 73 244 No clinical signs No clinical signs
5 male 72 positive 10 106 35-8 Excluded by DUS No clinical signs
6 female 63 positive 23 105 40-0 Excluded by DUS Minor branches of PA by
CTPA
70 male 60 positive <1 (15h) 100 39.0 No clinical signs No clinical signs

BMI - body mass index; CTPA — computed tomography pulmonary angiography; DUS — duplex ultrasound scan; DVT — deep vein thrombosis; PE — pulmonary embolism;
PCR - reverse transcription-polymerase chain reaction; VTE — venous thromboembolism.

# No additional signs of DVT were obtained at autopsy.
b the patient with no specific treatment.

Table 2

Blood test findings at the day of death in analyzed patients.
Patient AST ALT Creatinine GFR mL/ LDH U/L Ferritin
no. U/L U/L pmol/L min ng/mL
1 48 38 160 25 565 693
2 104 33 45 104 496 465
3 41 29 64 121 821 2595
4 34 14 160 33 362 333
5 63 35 202 27 852 3092
6 50 33 261 16 933 1709
7 68 64 229 NA NA NA
Reference ranges
Women <32 <33 53-97 80-110 135-214 28-365
Men <40 <41 80-115 80-125 135-225 10-150

AST - aspartate aminotransferase; ALT - alanine aminotransferase; GFR —
glomerular filtration rate; LDH — lactate dehydrogenase; NA — not applicable.

bronchioles. Desquamated epithelium, mucus, and macrophages were
detected in the bronchial lumina of all calibers.

No signs of hemorrhagic lesions were found in the lungs, and other
examined organs in six patients.

The typical abnormalities of big and small vessels were represented
by swelling of the vessel wall, intima and media loosening, dystrophy and
necrobiosis in the endothelium and muscle fibers, fibrinoid necrosis,
fragmentation of the collagen and elastic fibers, and infiltration by in-
flammatory cells (Fig. 2). Advanced inflammatory infiltration with
plasmatic cells, neutrophils, and lymphocytes was detected in the

vascular wall and perivascular space. Multiple clots of variable maturity
and degree of the organization were discovered inside the arteries with
the abnormal wall. In the small arteries, the thrombi predominantly had a
fibrin structure, while in mid-sized vessels, there was a mixed content
(Figs. 3 and 4).

Similar signs of angiopathy were detected in the individual vessels of
the kidney, liver, and spleen (Fig. 5). They were represented by dystro-
phic endothelial abnormalities, fibrinoid necrosis of the vascular wall,
inflammatory infiltration of the vessel wall, and a perivascular zone. No
clots were discovered in these organs at the background of angiopathy.

The described abnormalities were typical for all six patients and were
registered regardless of the type of antiviral therapy, anti-cytokine, or
interferon treatment.

3.2.2. Thrombotic angiopathy in the hypocoagulation setting

Structural changes similar to those described above in the other six
patients were detected by the histological examination of patient no.7,
who had no exposure to any specific treatment before death. Typical
patterns of ARDS with severe edema of the lung tissue, casts of fibrin,
hyaline membranes, desquamated and proliferating epithelium, surfac-
tant networks, macrophages, and neutrophils in the alveoli were found.
Giant alveolocytes with the phenomena of pyroptosis were discovered.
The interstitial space was characterized by hyperemia and infiltration
with lymphocytes and leukocytes.

The walls of the segmental and subsegmental branches of the pul-
monary artery appeared to be infiltrated by neutrophils and lymphocytes

Table 3
Blood coagulation parameters in analyzed patients.

Patient no. Day D-dimer, mg/L FG, g/L PT, sec PLT, count x1 0°/L DIC ISTH, scores INR APTT, sec TT, sec

1 1 2.21 2.16 12.7 155 3 1.14 30.8 22.9
16 1.44 2.23 14.6 350 2 1.3 45.8 40.2

2 1 0.65 4.27 11.2 193 2 1.01 37.9 19.8
15 0.23 2.55 11.6 363 0 1.04 30.1 22.4

3 1 1.44 5.7 11.4 146 2 1.03 379 21.0
14 (m) 1.57 1.92 11.4 292 2 1.03 33.0 26.1
14 (e) 6.53 2.08 12.8 222 3 1.15 45.6 NA

4 1 1.62 1.35 17.3 106 2 1.54 54.1 20.0
2 1.63 1.19 20.0 109 2 1.77 53.3 24.7

5 1 1.75 6.20 10.4 145 2 0.94 35.5 21.5
10 21.3 3.02 14.6 94 4 1.3 116.6 NA

6 1 0.62 4.52 11.9 164 2 1.07 30.7 22.1
23 4.17 3.32 119 71 4 1.07 25.8 17.1

7 1 NA NA NA 168 NA 29 38.0 NA

Reference ranges

Women <0.5 2-4 11-14 150-400 >5: overt DIC 0.8-1.2 21.1-36.5 14-21

Men 180-320

FG - fibrinogen; PT - prothrombin time; PLT — platelets; DIC ISTH — assessment of DIC by ISTH criteria (>5 scores indicate DIC); INR - international normalized ratio;
APTT - activated partial thromboplastin time; TT — thrombin time; (m) — morning; (e) — evening; NA — not applicable.
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Table 4
Blood gases in patients who underwent systemic thrombolysis.

Patient no. Day pCO2, pO2, s02, O2Hb, Clinical
after mmHg mmHg % % data
lysis

3 Before 42.3 48.6 70.0 78.9 NIV
0 27.6 86.7 97.1 95.5 Nasal

cannula
2 26.4 69.4 95.8 94-1 NIV
6 49.8 50.8 81.1 79.5 MV

6 Before 43.3 42.5 77.4 76.5 NIV
0 34.6 77.5 89.3 88.2 NIV
3 49.3 37.0 65.6 63.7 MV

Reference 35-45 80-100 93-98 96-98

ranges

NIV - non-invasive ventilation; MV — mechanical ventilation; pCO2 — partial
pressure of carbon dioxide; pO2 — partial pressure of oxygen; sO2 — oxygen
saturation; O2Hb — oxyhemoglobin.

Fig. 1. Hyaline membranes (HM) in the alveolar lumen, desquamated epithe-
lium (DE), thickened and infiltrated alveolar septa (IAS), thrombi in capillaries
(TC) (H&E stain; original magnification, x100).

Fig. 2. Artery wall with dystrophic endothelial changes, endothelial necrosis
(EN) with nucleus fragmentation (NF), fragmentation of collagen fibers (FCF),
and infiltration of the arterial wall and perivascular space by leukocytes and
lymphocytes (PVI) (H&E stain; original magnification, x400).
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Fig. 3. Fibrin capillary thrombus (TH), perivascular leukocyte, and lymphocyte
infiltration (PVI) (H&E stain; original magnification, x400).

Fig. 4. Organizing thrombus (OTH) in the arterial lumen. Endothelial edema,
endotheliocyte desquamation (ED) and necrosis, fibrinoid wall necrosis (FN),
infiltration of the vessel wall, and perivascular tissues by leukocytes and lym-
phocytes (PVI) (H&E stain; original magnification, x400).

in parallel with perivascular infiltration. Ongoing thrombosis was
registered in the subsegmental branches of the PA despite the hypo-
coagulative state (Fig. 6). No additional clots were discovered in the
liver, kidney, and spleen.

In contrast with the previously described patients, diapedetic hem-
orrhages were found in the cerebral cortex, white matter of the hemi-
spheres, and cerebellum. Similar focal hemorrhages were discovered in
the lungs, mucous membranes of the stomach, colon, urinary bladder,
and the renal calyces.

No other histopathological differences except hemorrhagic lesions
were observed in the patient no.7 when compared with the previous six
ones.

3.2.3. Abnormalities in the pulmonary artery branches after systemic
thrombolysis

Patients no.3 and no.6 represented multiple thrombi in the major and
minor pulmonary artery branches despite systemic thrombolysis. Some
clots, mostly in the major vessels, were lysed (Fig. 7). Thrombi in the
small-caliber arteries represented a different maturity and degree of or-
ganization with no signs of lysis (Fig. 8).



O. Porembskaya et al.

22

Fig. 5. Artery of the spleen: dystrophic endothelial (DE) changes; fibrinoid wall
necrosis (FN). Leukocyte and lymphocyte infiltration (PVI) of the wall and
perivascular spaces (H&E stain; original magnification, x100).

Fig. 6. Parietal growing thrombus (GTH) in the subsegmental pulmonary artery
branch with prominent vascular wall and perivascular inflammatory infiltration
(H&E stain; original magnification, x400).

4. Discussion

Morphological studies testify that angiopathy is the crucial pathoge-
netic mechanism of thrombotic complications in COVID-19 [4,6]. Ul-
trastructural analysis reveals the destruction of the pulmonary vascular
endotheliocytes [4]. Immunohistochemical tests demonstrate the pres-
ence of CD45 lymphocytes, CD68 macrophages, CD61 megakaryocytes,
CD37, CD4 ", and CD8 T-cells, and CD15 neutrophils in the inflammatory
infiltration of the vascular wall and perivascular space [4,18]. Advanced
abnormalities of the lung vasculature are observed with varying fre-
quencies among vessels of different calibers. Clots in the major arteries
may be found in a limited number of patients and require differential
diagnosis between thrombosis in situ and thromboembolism. By contrast,
thrombi in pulmonary microvasculature may be revealed in most of the
patients with COVID-19 pneumonia. The cumulative evidence shows that
microcirculatory thrombosis could be found in 87% of all deceased pa-
tients, while thrombosis of large PA branches was found in only 13% of
autopsies (Table 5). Moreover, the capillary destruction with advanced
fibrinoid necrosis occurs regardless of the severity of viral pneumonia
and may be registered in patients without ARDS [19].

Thrombosis Update 1 (2020) 100017

Fig. 7. Partial lysis of thrombus in a large branch of the pulmonary artery.
Dystrophic and necrotic changes in the artery wall (EN — endothelial necrosis,
WN - wall necrosis). Typical destructive changes of lung tissue. Vasa vasorum
(VV) and lung capillary congestion (CC).

In the current study, typical structural changes without significant
heterogeneity were discovered in all seven patients both in the wall of
small PA branches and in the alveolar capillaries. Dystrophy reaching the
grade of cell necrosis in the intima and media was combined with in-
flammatory infiltration of the vascular wall and perivascular space.
Described abnormalities were registered both in thrombosed vessels and
in the patent arteries. Similar angiopathy in the absence of thrombosis
was found in the liver, kidney, and spleen.

Structural changes in the arterial wall can precede and provoke
thrombosis and indicate the formation of a prothrombotic phenotype
that could be initiated by several mechanisms in COVID-19. One of them
is a direct endothelial injury by the virus that provokes massive cellular
apoptosis, leading to the loss of cellular anticoagulation function [5,20].
The activation of immune cells and endotheliocytes by circulating cyto-
toxins may represent another trigger for endothelial damage [20]. The
high level of ferritin associated with the systemic inflammation, cytokine
storm, tissue infiltration by monocytes and macrophages, and poor
prognosis of the disease testify to the role of the upregulated immune
response in cell injury. The activation of the complement system directly

Fig. 8. Early-stage (fresh) thrombus (TH), artery wall dystrophic and necrotic
endothelial changes (WN), perivascular inflammatory infiltration (after systemic
thrombolysis).
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The frequency of venous thromboembolism and lung vasculature thrombosis in deceased patients with COVID-19 (a pooled analysis).

Publication Number of Type of Major branches of PA, no./no. ~ Small branches of PA and microvasculature, Extrapulmonary thrombosis, no./no.
patients autopsy of total (%) no./no. of total (%) of total (%)
Menter T. et al. [9] 21 Full 4/21 (19%) 5/11 (45%) Kidney: 3/18 (17%)
Carsana L. et al. 38 Lungs 0/38 (0%) 33/38 (87%) n/a
[18]
Lax S.F. et al. [6] 11 Full 1/11 (9%) 11/11 (100%) Liver: 1/11 (9%)
Fox S.E. et al. [26] 10 Full 0/10 (0%) 10/10 (100%) 0/10 (0%)
Ackermann M. 7 Lungs 0/7 (0%) Arterioles: 4/7 (57%); n/a
et al. [4] Capillaries: 7/7 (100%)
Elder C. et al. [27] 80 Full 17/80 (21%) n/a DVT: 32/80 (40%)
Prostatic venous plexus thrombosis:
15/46 (33%)
The current study 7 Full 0/7 (0%) 7/7 (100%) DVT (lower extremities): 1/7 (14%)
Total 174 22/174 (13%) 73/84 (87%) 37/126 (29%)

PA - pulmonary artery; DVT — deep vein thrombosis; n/a — data non-available.

by the virus or in a traditional way is another potential mechanism for
endothelial damage [19].

The role of systemic coagulation disturbance in the pathogenesis of
COVID-19 thrombosis is less evident than the contribution of the local
mechanisms mentioned above. Thus, prophylactic anticoagulation may
be enough to prevent systemic hypercoagulation and avoid DIC. It has
been shown that without pharmacological prophylaxis, DIC developed in
71.4% of deceased patients with COVID-19 [7]. At the same time, no
evidence of DIC was reported in patients who received prophylactic doses
of LMWH in the previous reports as well as in the current study [2,21].
Moreover, prophylactic anticoagulation reduced mortality in patients
with the signs of sepsis-induced coagulopathy and critically increased
D-dimer [22]. On the other hand, even if DIC could be prevented, there is
another potential underlying mechanism of COVID-19 associated
thrombosis. It has been shown that impaired fibrinolysis related to the
increased level of plasminogen activator inhibitor-1 (PAI-1) and
thrombin activatable fibrinolysis inhibitor (TAFI) may lead to the
thrombotic complications in severe COVID-19 [23]. The hypofibrinolysis
can develop either as a systemic or local effect due to PAI-1 release from
endothelial cells [23].

However, no reliable data support the efficacy of prophylactic or
therapeutic anticoagulation in preventing the pulmonary vasculature
thrombosis in COVID-19. Venous thromboembolism with a predomi-
nantly thrombotic lesion of PA and arterial thrombotic events were
detected despite anticoagulation in previous reports [2,3,24]. The post-
mortem examination of patients who received anticoagulants identified
disseminated clots in the lung vasculature [6,8,9].

In the current analysis, intermediate or therapeutic doses of LMWH
were administered to all patients. Despite this fact, one subject developed
thrombosis of the calf muscle veins, two subjects had a confirmed PE, one
had a putative PE, and all seven subjects experienced extensive throm-
bosis of the PA branches as detected by dissection. At the same time, no
thrombi in other organs were found, despite the angiopathy. All abnor-
malities were accompanied by extremely high ferritin and LDH levels.

We can assume that the lack of anticoagulant activity in the pulmo-
nary vasculature may be related to the decreased perfusion. The reason
for this is a blood flow shunt in the dead spaces, vascular constriction,
and blood stasis caused by lung tissue destruction and pulmonary edema
[19,20]. At the same time, microcirculation in other organs is preserved,
and anticoagulant therapy with maintained blood flow prevents
thrombus formation at the background of angiopathy. According to the
previously published data, microcirculatory thrombosis outside the lung
is rarely observed (Table 5). However, the ongoing destructive processes
in the arterial wall can lead to necrotic injury, resulting in the failure of
organ function [9,19]. Impaired levels of AST, ALT, creatinine, and GRF,
observed in some patients, can be considered as the signs of such
dysfunction.

Lack of pulmonary perfusion can limit the efficacy of systemic
thrombolysis. In our patients, it resulted in the persistence of clots in

subsegmental branches of PA. They appeared to be less sensitive to sys-
temic lysis when compared to thrombi in major PA branches. Ongoing
thrombi formation can be responsible for the limited time efficacy of
systemic thrombolysis and a lack of significant clinical and respiratory
improvement. At the same time, diapedetic hemorrhages that were
observed by histological examination can become a substrate for major
bleeding. Likely, dose, volume, and duration adjustments can improve
the results of thrombolysis. Several different regimens have been sug-
gested for tPA administration [15,16,25]. Lower doses and longer
duration may be preferred.

5. Conclusion

Coronavirus disease caused by the SARS-CoV-2 virus is associated
with a high incidence of thrombotic complications. The most important
among these is thrombosis of the lung vasculature. Clots in the small PA
branches may aggravate the severity of the disease, affect blood
oxygenation, increase the dead space in the lungs, and reduce the
bioavailability of anticoagulants. The immune processes triggered in the
lungs have a systemic nature, inducing the development of angiopathy in
other organs. Progressive dystrophy and necrosis in the arterial wall
contribute to organ failure. Anticoagulant and thrombolytic therapies
have limited opportunities for the prevention and treatment of throm-
botic complications in COVID-19. The search for optimal therapeutic
regimens and possible combinations with other drugs aimed at the
improvement of pulmonary perfusion is essential.
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