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= Thrombotic microangiopathies during pregnancy and puerperium are rare and, if undiagnosed, can be life-threating
conditions for both the mother and the baby. The aim of this review article is to briefly describe clinical profile and
highlight the clues for a correct diagnosis of pregnancy-related thrombotic microangiopathies. Of particular interest
and important practical significance are the presented data on changes in the hemostatic system in patients with a new
coronavirus infection COVID-19 through the prism of thrombotic microangiopathies.
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= TpombOTHMYECKIIEe MUKPOAHTMONIATUY IPU 6ePEMEHHOCTH U B IIOCTIEPOIOBOM IIEPHOfie — PenKie, HO OTTaCHBIE [Is 3710-
POBbsI U XXU3HU MaTepu 1 pebeHKa cocTosiHus. Llenpio HacTosIero 0630pa sIB/IsieTCs ONMCcaHye KIMHIYECKOI KapTUHBI,
Bbl/Ie/IeHe K/TI0UYeBBIX MOMEHTOB CBOEBPEMEHHOII ANAarHOCTUKY U fuddepeHInanbHOI JUarHOCTUKI TPOMOOTUIECKIX
MMKpPOAHTMOIATHII B KOHTEKCTe GepeMeHHOCTI. OO0l MHTepec U OOBLIYIO IPAKTUYECKYI0 3HAYMMOCTD IIPEfICTaBIIA-
I0T JaHHBbIe 00 VI3MEHEHMAX CUCTEeMbI IeMOCTa3a y MallMeHTOB C HOBOI KopoHaBupycHoit uHpekiueit COVID-19 yepes
IpU3MY TPOMOOTUYECKMX MUKPOAHTMOIATHIL.

= KnroueBble croBa: TpoMOOTHYECKass MUKPOAHIMOIIATIs; HOBasi KopoHaBupycHas napexuyss COVID-19; tpombo-
9MO60/IIYeCcKIe OC/IOKHEHST; CICTEMA TeMOCTas3a.

Thrombotic microangiopathy in pregnancy and formation of blood clots by fibrin or plate-

Thrombotic microangiopathy (TMA) is a clini-  lets. Morphologically, the manifestations of TMA
cal and morphological syndrome characterized include edema of endothelial cells, their detach-
by vascular endothelial damage of the microvas- ment from the basement membrane (endothe-
culature with inflammation of the vascular wall liosis), destruction and necrosis, expansion of the
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Table 1/ Tabnauya 1

Classification of thrombotic microangiopathies
Knaccudpmkauma Tpom60TMUECKMX MUKPOAHrMONaTUil

Primary

¢ Thrombotic thrombocytopenic purpura.
e Typical hemolytic-uremic syndrome (infection-mediated).
¢ Atypical hemolytic-uremic syndrome

subendothelial space, and the appearance of blood
clots in the lumen of capillaries and arterioles,
often with complete occlusion of the vascular lu-
men. There are two types of thrombotic microan-
giopathies, including primary and secondary TMA
(Table 1) [1].

Pregnancy is one of the most important trig-
gers of TMA. Obstetric TMA is rare; it accounts for
8-18% of all forms of the pathology with a preva-
lence of 1 case in 10,000-25,000 pregnancies [2, 3].
In pregnancy, TMA requires that the following path-
ological conditions be considered: 1) preeclampsia/
HELLP syndrome; 2) thrombotic thrombocyto-
penic purpura; 3) pregnancy-associated atypical
hemolytic-uremic syndrome; 4) antiphospholipid
syndrome (APS) and catastrophic APS; and 5) sep-
sis [4, 5]. Most of these diseases are beyond the
competence of an obstetrician-gynecologist.

Regardless of the specific triggering mechanism,
the common link in the pathogenesis is the activa-
tion of the complement system and complement-
associated inflammation with damage to the en-
dothelium of microarterioles in target organs and
subsequent generalized thrombogenesis, which
leads to the disruption of the systemic blood cir-
culation [6, 7]. The complement system represents
a cascade system of proteolytic enzymes aimed at
the humoral protection of the body from the ac-
tion of foreign agents and maintaining homeosta-
sis; it participates in the body’s immune response,
being an important component of both innate and
acquired immunity. The system of proteins united
in the complement system includes approximate-
ly 20 interacting components, which are soluble
proteins circulating in the blood and tissue fluid,
namely C1 (a complex of three proteins), C2, C3C9,

Secondary

* Preeclampsia/eclampsia, HELLP syndrome.
Autoimmune diseases: systemic lupus erythematosus,
systemic scleroderma, antiphospholipid syndrome.
Malignant neoplasms.

Infections, including HIV, influenza A (H;N,).

Sepsis, septic shock.

Methylmalonic aciduria with homocysteinuria.

Drugs (quinine, interferon, calcineurin inhibitors, mTOR
inhibitors, antineoplastic drugs, etc.).

¢ |onizing radiation.

¢ Organ and bone marrow transplantation

factor B, factor D, and a number of regulatory pro-
teins. There are three complement activation path-
ways (classical, lectin, and alternative). All three
pathways constitute a common terminal pathway
that leads to the formation of a membrane attack
complex [8] (Fig. 1). Pregnancy is a complement-
enhancing condition, and the effect of the semi-
allogenic fetoplacental complex on the maternal
organism increases during pregnancy, with the
maximum effect being during childbirth. Excessive
complement activation is normally mitigated by
soluble and membrane-bound regulators of the al-
ternative complement pathway [9]. The influence
of hereditary or acquired factors on this physiologi-
cal balance leads to the excessive activation of the
complement system. The common factor of a com-
plement-mediated lesion is endothelial dysfunction
and microvascular thrombosis with a “preferred”
location. For example, with premature separation
of the placenta, it involves thrombosis of the ves-
sels of the fetoplacental complex, and with atypi-
cal hemolytic-uremic syndrome (aHUS), it involves
thrombosis of the vessels of the renal glomeruli.

Preeclampsia and HELLP syndrome represent
the most common forms of TMA occurring during
pregnancy and complicating 2-7% and 0.2-0.6%
of pregnancies, respectively. These conditions are
caused by endothelial dysfunction and an imba-
lance of antiangiogenic factors. In addition, in
recent studies, dysregulation of the alternative
complement pathway was associated with the
pathogenesis of HELLP syndrome. HELLP syn-
drome is usually characterized by quick recovery
after childbirth. In case hemolysis, thrombocy-
topenia, or renal failure continues to progress
48-72 hours after delivery, the possibility of other
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Schematic representation of the complement system activation cascade

Puc. 1. CxeMaTHIHOE M306pa)K€HI/Ie KacCKazma aKTUBaly CUCTEMbI KOMIIJIEMEHTA

forms of TMA should be considered, and appropri-
ate treatment is necessary [10, 11]. Preeclampsia
and HELLP syndrome are the most studied condi-
tions and have been described in detail in the works
of Russian and international authors [12-20]. This
article discusses the most rare and new pathologi-
cal conditions that can occur in the practice of an
obstetrician-gynecologist.

Thrombotic thrombocytopenic purpura (TTP)
is a rare disease caused by a certain degree of
damage to the microvasculature. Idiopathic TTP
was first described by E. Moschcowitz in 1925 in
a 16-year-old girl with sudden onset of neurologi-
cal symptoms (first, weakness in the arms; then,
hemiparesis and paresis of the facial nerve), fever,
anemia, and petechial skin rash. This disease deve-
lops when the ADAMTS13 level is reduced by less
than 10%, which can be congenital (due to genetic
mutations) or acquired (the presence of antibodies
against ADAMTS13). A decrease in the level of
this enzyme promotes the accumulation of large
multimers of von Willebrand factor, which bind to
platelets, leading to the formation of fibrin strands
and the occurrence of intravascular hemolysis and
ischemic damage. The TTP incidence during preg-
nancy is less than 1 per 100,000 pregnancies [4, 10].
The classical clinical presentation is represented by
a pentade of symptoms (fever, microangiopathic

hemolytic anemia, thrombocytopenia, kidney
damage, and neurological symptoms). The disease
prognosis remained extremely poor for a long time,
as the mortality rate exceeded 90%. The situation
changed only in 1976, when Bukowski used substi-
tution transfusion to treat TTP and achieved long-
term remission. Currently, the standard treatment
includes daily plasma exchange until the platelet
count and lactate dehydrogenase (LDH) activity
normalize, and neurological symptoms are com-
pletely resolved [21].

Hemolytic uremic syndrome is a complement-
mediated form of TMA in which ADAMTS13 levels
are usually within the reference range. In contrast
to the classical form that develops upon ingestion
of shiga toxins produced by E. coli (strain 0157:H7)
and Shigella dysenteriae type 1, atypical aHUS is
characterized by a genetic origin [22]. The preva-
lence of aHUS is 2-7 cases per one million persons.
Hereditary mutations in the genes of complement
regulators lead to their qualitative or, more often,
functional deficiency, predisposing to increased and
uncontrolled complement activation, which leads
to generalized thrombus formation in the vessels of
the microvasculature [23, 24]. aHUS manifests it-
self as microangiopathic hemolytic anemia, throm-
bocytopenia, and renal failure. When diagnosing
aHUS during pregnancy, difficulties arise, since the
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IETEM Peripheral blood smear in patients with throm-
botic microangiopathy (blue arrows indicate schistocytes)

Puc. 2. VccnemoBaHne Maska IepudepruecKoil KpoBU
y IaIJMeHTOB ¢ TPOMOOTMYECKONl MMKpPOAaHTMOIATVeN
(cvHMMM CTpe/IKaMM YKa3aHbI IIM30LUTEI)

clinical presentation can mimic preeclampsia or
HELLP-syndrome, which is a range of conditions
that are much more common during pregnancy
and are well-known to obstetricians-gynecologists.
The determination of a genetic mutation is not an
obligatory criterion, since it can be detected only
in 60-70% of cases, and the absence of identifiable
mutations does not rule out the diagnosis of aHUS.
Late diagnosis leads to delayed treatment, which
can be life threatening.

To diagnose any TMA, it is necessary to identify
microangiopathic hemolytic anemia with signs of
fragmentation of erythrocytes, thrombocytopenia,
and microthrombotic ischemic endothelial in-
jury. Microangiopathic hemolysis is confirmed by
the detection of symptoms of hemolytic anemia
(breakdown of red blood cells) and the appearance
of schistocytes when fibrin strands in the blood-
stream and small vessels “cut” the red blood cell,
with the semilunar segments being visible in a con-
ventional smear test (Fig. 2).

Thrombocytopenia is the second most common
symptom after anemia in diagnosing TMA. Most
cases of thrombocytopenia (70-80%) are gestational;
therefore, there is no need for special treatment, but
in case of an abnormal peripheral blood smear and

hemolysis markers, further examinations should
be performed. Then, a decrease in haptoglobin
concentration (a transporter protein that delivers
free hemoglobin back to the liver) is noted, its
amount is depleted, and the ischemic symptoms of
other organs increase, which confirms an increase
in the LDH level. These laboratory changes most
often occur simultaneously with clinical damage to
at least one organ system. Thus, if schizocytes are
found in a blood smear, a decrease in haptoglobin
concentration is noted, the Coombs’ test is negative,
and the coagulation indices are normal, TMA can
be suspected, and consultation of a hematologist
and/or nephrologist is necessary.

It is extremely important to correctly determine
the type of TMA, since there is a specific treat-
ment for each type (Fig. 3). The main action is to
eliminate the cause of the TMA and its effect on
systemic inflammation, depending on the trig-
ger. Plasma separation is a lifesaving treatment
for TTP. However, this procedure is invasive, with
a significant risk of complications; therefore, all
these details should be considered when prescri-
bing it. Plasma separation has often been used as
a first-line therapy for aHUS, despite FDA (Food
and Drug Administration) approval for the use
of monoclonal antibodies to complement system
components. Although according to the American
Society for Apheresis (ASFA), the role of therapeu-
tic plasma exchange in the treatment of aHUS has
not been established, the decision to initiate plasma
exchange may be dictated by the need to treat TTP,
presumably until this diagnosis is ruled out [25].

Monoclonal antibodies IgG2/4kappa anti-C5
are effective for the treatment of aHUS; they act
against the C5 complement protein by blocking the
enzymatic cleavage of C5 to C5a and C5b [26, 27].
This is a major step forward in the treatment of pa-
tients in this category, since blocking complement-
mediated inflammation and endothelial damage
leads to an improved prognosis.

Changes in the hemostatic system during
a new coronavirus infection (COVID-19)
from the perspective of thrombotic
microangiopathy

In recent months, the world scientific commu-
nity has been actively studying issues related to the
new coronavirus infection. The highly pathogenic
human coronavirus, which causes coronavirus

Journal of Obstetrics and Women'’s Diseases
HypHas aKkyLepcTsa U eHckux bonesHen

2020 1o

Volume

ISSN 1684-0461 (Print)
ISSN 1683-9366 (Online)

Issue
69 Bbinyck 4



REVIEWS / OB30PbI

1

Microangiopathic
hemolytic anemia

| R

Platelet count <150 - 10°/n
or decrease 225% of baseline

Negative |<—|

Direct Coomb’s test |—>|

[
Haptoglobin |

[
Peripheral blood smear |

Reduced |<—|

Schizocytes >1% |<—|

Suspected TMA | ADAMTSI3 activity )

F——( TP

Positive |—>L

Autoimmune
disease

Plasma separation initiation

e Creatinine: aHUS >> HELLP

Postpartum period

|—> Follow-up for 48-72 h, improvement

- HELLP or aHUS [—
e LDH: aHUS >> HELLP
e aHUS typically occurs in the

postpartum period |_ Pregnancy

CHILDBIRTH

] of clinical blood test parameters,
decrease in hemolysis markers

Specific therapy (Eculizumab) |

M Flow chart for the differential diagnosis of thrombotic microangiopathy in pregnancy (adapted from Sarno L.,
Stefanovic V., Maruotti G., et al., 2019): TMA, thrombotic microangiopathy; aHUS, atypical hemolytic uremic syndrome;
LDH, lactate dehydrogenase; TTP, thrombotic thrombocytopenic purpura

Puc.3. bBrok-cxema pnbdepeHInanpHOM OMATHOCTUKM TPOMOOTHYECKON MMKPOAHTHMOIATUM IIpU OepeMeHHOCTH
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TPOMOOLMTOIIEHIYeCKas IypITypa

disease (COVID-19) and severe acute respiratory
syndrome, has led to an unprecedented global
health crisis. To date, more than 185,000 lethal out-
comes related to COVID-19 have been confirmed.
According to some estimates, the mortality rate
reaches 15% in some countries [28].

In hospitalized patients, infection caused by
COVID-19 is often manifested by bilateral pneu-
monia requiring emergency medical treatment
or intensive care [29]. The pathogenesis of atypi-
cal pneumonia in COVID-19 patients is complex,
but data to date suggest that SARS-coV?2 infection
may disrupt the regulation of the immune response
with increased levels of interleukin-6 (IL-6), which
is responsible for progressive lung injury and bi-
lateral multifocal interstitial pneumonia [30, 31].
Bilateral pneumonia, systemic inflammation, en-
dothelial dysfunction, coagulation activation,
acute respiratory distress syndrome, and multiple
organ failure are key signs of severe COVID-19.
Signs of myocardial damage are present in at least
a quarter of severe cases [32]. The high mortality
among COVID-19 patients is due to disorders in

the hemostatic system and is clinically manifested
by the development of arterial and venous throm-
boembolic complications (VTEC) [33, 34]. A more
profound understanding of the mechanisms of he-
mostatic disorders associated with COVID-19 will
help optimize the prevention, diagnosis, and treat-
ment of thromboembolic complications. Despite
the large number of publications describing the
changes in the hemostatic system in patients with
coronavirus infection, the DIC syndrome cannot
be precisely suspected. The changes described
should also be considered from the perspective of
thrombotic microangiopathy.

The relationship between changes in hemosta-
sis and infections is well known. Bacterial infec-
tions, in particular those caused by gram-negative
microorganisms, are able to activate the blood
coagulation system both by releasing tissue factor
followed by activation of the external pathway of
the coagulation cascade, and by inducing thrombin
activation by the bacterial cell wall. A hypercoagu-
lable condition characterized by an increased level
of D-dimers can already occur at an early stage of
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bacterial infections and cause disseminated intra-
vascular coagulation (DIC). Concurrently, viral in-
fections can lead to severe complications, such as
acute respiratory distress syndrome and multiple
organ failure, which are often associated with hy-
percoagulability and the DIC syndrome [35, 36].
Clinically, the condition of altered blood coagu-
lation in various viral infections is manifested by
hemorrhages and thrombosis.

Viruses lead to the activation of the endothe-
lium with subsequent dysfunction. Studies at the
clinical and molecular levels have presented several
hypotheses linking viral infection and thrombotic
risk. The activation of endothelial cells, mono-
cytes, and neutrophils by viruses can induce the
expression of tissue factor, which initiates an ex-
ternal blood coagulation cascade [37]. Damage to
endothelial cells also increases the production and
release of cytokines, and can directly or indirectly
alter hemostasis.

Tissue factor (TF) is expressed on many types
of cells throughout the body. Histological studies
have shown that TF is present on all blood cells,
and a rapid procoagulant response occurs when
pathogens come into contact with the endothelium
and myeloid cells. The coagulation cascade is initi-
ated by activated factor VII (FVIIa) and is exposed
to TF at the lesion site. This catalytic complex
(TF - FVIIa) additionally activates factors IX (FIX)
and X (FX). In addition, most bacterial and viral
infections stimulate TF expression on monocytes
and endothelial cells, predominantly through the
activation of nuclear factor kappa B (NF-kappaB).
The cellular interaction described potentially en-
hances the production of IL-8, 1, (CXCL)-10, and
tumor necrosis factor-a. These context-sensitive
responses control the capillary tone, permeability,
migration and activation of immune cells, as well
as platelet activation or inhibition, which affects
vascular hemostasis. In addition to the hemostatic
reactions regulated by endothelial cells, viral in-
fections can also affect the capillary tone, causing
thrombocytopenia, vascularization, and hemor-
rhagic edema [36].

The listed pathogenetic changes confirm the re-
ports on coagulopathy development in COVID-19
patients, which is then associated with the risk of
death. In a retrospective analysis of 183 patients
conducted by Tang et al., it was revealed that 71.4%
of dead patients had signs of DIC syndrome [38].

Chen et al. reported an abnormal coagulation
function in 99 patients, including an increase in
D-dimer levels in 36 patients (36%), a decrease in
prothrombin time in 30 patients (30%), and an in-
crease in activated partial thromboplastin time in
16 patients (16%) [39]. Similarly, Wang et al., in
describing 13 patients reported that prothrombin
time and D-dimer levels on admission were sig-
nificantly higher [40]. However, the authors re-
ported a high prevalence of clinically significant
thrombosis, mainly pulmonary embolism, in the
COVID-19 group of patients admitted to intensive
care units for hypoxemic acute respiratory failure,
despite prophylactic or therapeutic anticoagulant
therapy [41]. The results of patients from an Italian
cohort study also showed that changes in blood co-
agulability with a tendency towards the hypercoa-
gulable syndrome (increased levels of D-dimer and
fibrinogen) were already registered at an early stage
of the disease [42]. In turn, an increased fibrino-
gen level was associated with a more severe form of
an atypical pneumonia. In a healthy lung, there is
a delicate balance between procoagulant, anticoa-
gulant, and fibrinolytic mechanisms that control
the deposition of fibrin and its effect on the viabi-
lity of the lung epithelium. This localized coagula-
tion system, known as bronchoalveolar hemostasis,
is used by the body in combination with immune
cells to combat infections. Fibrinolytic function
disorder in pneumonia leads to the abnormal ac-
cumulation of fibrin in the alveolar spaces and dys-
function [43] (Fig. 4).

Recent evidence suggests that complement-
mediated damage also occurs during COVID-19
infection. Indeed, cells with high expression of
ACE2 receptors are targets of COVID-19, leading
to endothelial and microvascular dysfunction.
Since patients with heart failure have increased
expressions of ACE2, they are at a high risk of heart
damage. Likewise, ACE2 is strongly expressed on
podocytes and epithelial cells of the renal tubules
(44, 45].

There are reports of elevated LDH levels and
thrombocytopenia with COVID-19. Thus, the pa-
tients described by Zhang et al. had anemia, in-
creased LDH levels, thrombocytopenia, and dam-
age to organ systems. Unfortunately, there is no data
on the presence of schizocytes, which confirms the
microangiopathic hemolytic anemia [46]. The na-
ture of heart failure is also under investigated.
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XM Lung histological findings in COVID-19 patients: a — emphysematous changes and diffuse thrombosis of intra-
septal microvessels (indicated by the arrows); b — small sized arterioles (open arrow) with complete luminal thrombosis
and occlusive thromboses of intraseptal capillaries (closed arrow) (adapted from Marini J.J., Gattinoni L., 2020)

Puc. 4. MuxpocKomdecKkoe KcclefoBaHye MaTepuaa aerkux y nanuenTos ¢ COVID-19: a — sMm¢usemaTo3Hble n3Me-
HeHust 1 fudy3HbIT TPOMOO3 BHY TPUCENTAIBHBIX MUKPOCOCYA0B (YKasaH CTPeIKaMu); b — apTepuosIsl Majoro pas-
Mepa (OTKprTaH CTpeIIKa) C ITO/THBIM JTIOMVMHA/IbHBIM TPOM603OM " OKKJ/IIO3MMOHHBIMU TpOM603aMI/I BHYTpPHUCENITA/IbHbIX

KaImusipoB (3akpbiTasi cTpenka) (ajanTuposano n3 Marini J.J., Gattinoni L., 2020)

The development of myocarditis or inflamma-
tion-induced heart damage was suggested, but the
pathomorphological data indicate the presence of
intravascular thrombosis, similar to that in TMA.
In addition, renal failure, which is another char-
acteristic of complement-dependent TMA, is also
common in patients with severe COVID-19 infec-
tion [47].

In addition, the study of coronaviruses showed
that blocking the activation of C3-complement
significantly reduces the lung damage, thereby re-
straining the spread of the virus mainly by inhibi-
ting the activation of monocytes and the infiltra-
tion of the lungs by immune cells [48]. Recent
studies have also demonstrated that coronavirus
proteins bind to a key protein in the lectin path-
way, resulting in complement-dependent lung
damage. Magro et al. found deposits of c5b-9,
c4d, and MAPS-2 in the microvasculature of
lung and skin biopsies from patients with severe
COVID-19 [49]. These findings are consistent
with over-activation of both the alternative and
lectin complement pathways.

The results of using monoclonal antibodies to
components of the complement system in patients
with severe COVID-19 are of interest. Diurno
et al. used this group of drugs in four patients
with a positive therapeutic effect, as a result, the
C-reactive protein level decreased and clinical im-
provement with a favorable outcome of the disease
occurred [50]. As promising results were obtained
at the preclinical stage of the study, their use in

patients with severe COVID-19 is currently being
studied (ClinicalTrials.gov, ncT04288713).

Based on the abovementioned, there is no doubt
about the effect of the systemic inflammatory re-
sponse on the hemostatic system during the deve-
lopment of TMA, regardless of the initial triggering
agent. In TMA caused by COVID-19 pneumonia,
the systemic inflammatory response is critical in
both the development of TMA and, apparently, in
the outcome. There are limited data on the preva-
lence and course of the disease in pregnant women.
To the best of our knowledge, more than 40 scien-
tific papers on COVID-19 infection in pregnancy
have been published to date, and none of these stu-
dies have been population-based. Pregnant women
are believed to be no more susceptible to this in-
fection than the general population. This is pro-
bably due to changes in the immune system during
pregnancy, aimed at ensuring the functioning of
the fetoplacental complex [51, 52]. However, preg-
nant women are not spared from the severe forms
of the disease.

Interpretation of changes in blood coagulation
in pregnant women can be even more difficult be-
cause they overlap with the physiological changes
caused by pregnancy. Pregnancy is associated with
physiological changes in the hemostasis system,
which are manifested as an increase in the levels
of most coagulation factors (fibrinogen, factors VII,
VIII, IX, and X), a decrease in physiological anti-
coagulants (resistance to protein C activation and
a decrease in protein S level), as well as fibrinolytic
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activity. All of them are aimed at maintaining pla-
cental perfusion and preventing pathological blood
loss during childbirth. During pregnancy, the con-
centration of fibrinogen and the level of D-dimer
increase, the number of platelets may decrease,
and both activated partial thromboplastin time
and prothrombin time are significantly reduced.

Moreover, COVID-19 introduces additional coagu-

lation changes. Their intensity may be related to the

disease severity, but there are still no reliable data.

Hypercoagulation is threatening, as it increases the

risk of thromboembolic complications both during

and after pregnancy, depending on the time of on-
set of the infectious process.

The incidence of VTEC during pregnancy is
2-5 per 1000 births, which is 5-6 times higher
than in the general population [53]. VTEC deve-
lops in the presence of physiological hypercoagu-
lation under the influence of additional risk fac-
tors. International and Russian recommendations
define risk factors for VTEC and indications for
the prophylactic administration of low molecular
weight heparins (LMWH), as well as the treatment
approach of the complications that developed. All
women with four or more risk factors (except for
VTEC and/or thrombophilia in history) should
receive LMWH in prophylactic doses throughout
pregnancy until delivery and for 6 weeks in the
postpartum period; women with three risk factors
should receive LMWH in preventive doses from
week 28 of pregnancy to childbirth and for 6 weeks
in the postpartum period; and women with two
risk factors should receive LMWH in prophylactic
doses for at least 10 days in the postpartum pe-
riod [54].

Additional risk factors for venous thrombosis in
the presence of community-acquired pneumonia in
pregnant women are as follows:

1) systemic inflammatory reaction that requires
etiotropic therapy;

2) hospitalization for more than 3 days, associated
with an 18-fold increase in the risk of VTEC,
while the risk remains increased by 6-fold wi-
thin 28 days after discharge; this risk is higher
in trimester III and in women over 35 years
of age;

3) immobilization (data on the effect of immobili-
zation on the risk of developing venous throm-
bosis during pregnancy are limited, but strict
bed confinement a week or more before delivery

is known to have a multiplicative effect on the

risk of prenatal and postnatal VTEC).

Thus, pneumonia in pregnant women with
COVID-19 helps to classify these pregnant women
as a high-risk group for the development of VTEC.

A number of scientific organizations recom-
mend the prescription of LMWH to pregnant wo-
men with confirmed coronavirus infection, mainly
at prophylactic doses [55-57]. The exact indica-
tions are still unclear, but it is practical to analyze
the overall risk of thromboembolic complications
in the patient, including traditional “non-viral” risk
factors, and multiplying them by the risk factor as-
sociated with infection. LMWH are the drugs of
choice for the prevention of VTEC during pregnan-
cy and in the postpartum period and are classified
by the FDA as risk category A. The dose of the drug
is calculated in accordance with the patient’s body
weight and adjusted in case of impaired renal func-
tion and a decrease in platelet levels. The optimal
duration of anticoagulant treatment is unknown,
but should probably be adapted to the disease se-
verity and the obstetric situation.

In patients with severe respiratory distress syn-
drome caused by SARS-CoV-2, LMWH improves
the prognosis by reducing the risk of local throm-
bogenesis, thrombosis of large vessels, and throm-
boembolic complications. To date, we have not
found studies that justified the advantages of using
one or another LMWH during pregnancy; there-
fore, we cannot conclude about the effectiveness of
any drug in this group. In the study by G.B. Danzi
et al,, it has been demonstrated that nadroparin
calcium (Fraxiparine), one of the LMWH group
representatives, is safe and effective in patients with
community-acquired pneumonia, including those
with COVID-19 [58]. The drug also has a positive
anti-inflammatory effect, as evidenced by a de-
crease in the level of C-reactive protein, IL-6, and
fibrinogen. Combined therapy with antibacterial
drugs and Fraxiparine for community-acquired
pneumonia contributed to a reduction in the du-
ration of mechanical lung ventilation and the nor-
malization of the body temperature and the dura-
tion of inpatient stay [59]. Monoclonal antibodies
IgG2/4kappa anti-c5 are effective for the treatment
of aHUS; they act against the ¢5 complement pro-
tein by blocking the enzymatic cleavage of c5 to
c5a and c5b. This is an important achievement in
the treatment of patients in this category, since
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