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Abstract

Data analysis on the pathogenesis and risk factors of neonatal thrombosis was carried out. The main risk factor of any neonatal
thrombosis is central catheter installment, but other maternal, fetal and neonatal factors should be taken into consideration. We
discuss the epidemiology of neonatal thrombosis and the main features of the hemostasis system in newborns, the most significant
risk factors, including genetic and acquired thrombophilia. We consider the von Willebrand factor activity and ADAMTS-13 (a
disintegrin and metalloproteinase with a thrombospondin type 1 motif, member 13) level in the development of neonatal thrombotic
microangiopathy. Finally, we discuss the basic principles of prevented neonatal thrombosis by using low molecular weight heparins.
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Pestome

lMpoBeneH aHann3 faHHbIX 0 NaToreHese 1 hakTopax prUcka HeoHaTanbHbIX TPOMG030B. B 0630p BKNHOYEHbI JaHHbIE 3apy6eXHbIX
1 OTEYECTBEHHbIX CTaTel MO JaHHOW Teme. B 3HaYMTeNbHOW CTeneHu HeoHaTasbHble TPOMOO3bl BO3HUKAKT U3-32 HANMYUSA
LLleHTPaNnbLHOro Katetepa, OfjHaKO CYLLECTBYIOT W pyrue (pakTopbl pucka Kak CO CTOPOHbI MaTepu, Tak U CO CTOPOHbI Camoro
HOBOPOX[EHHOro0. [pefcTaBneHbl JaHHble N0 3NMAEMUONOrNN HEOHATANIbHLIX TPOM6030B, 0COOGEHHOCTAM (DYHKLMOHUPOBAHMS
CUCTEMbI FeMOCTa3a y HOBOPOXEHHbIX, PACCMOTPEHbI Hanb0Nee 3Ha4MMble (DaKTOPbI PUCKA, B TOM YUCIE FeHETUYECKas 1 Npuo6-
peTeHHas Tpom6odunns. PaccMOTpeHbl BONPOCHI 3HAYEHUS aKTUBHOCTM (hakTopa dooH BunnebpaHga u yposHs ADAMTS-13
(anrn. a disintegrin and metalloproteinase with a thrombospondin type 1 motif, member 13) B pa3suti TpOM6OTNYECKON MUKPO-
AHrNonaTuM y HOBOPOXXAEHHbIX. [laHa MHGopMauus No OCHOBHbIM MPUHLMNAM NPOMUIAKTUKNA HEeOHaTanbHbIX TPOMG030B C
NPUMEHEHNEM HIU3KOMOMEKYIAPHBIX renapuHoB.

KnioueBble cnosa: HeoHaTaNbHble TPOMOO03bI, (hAKTOPbI PUCKA, LIEHTPaNbHbLIA BEHO3HbIN KaTeTep, dhaktop doH Bunnebpanaa,
VWF, ADAMTS-13, Tpombocunus, LMPKYNaLma aHTucochonnnuaHbIX aHTUTen, TpOMOOTUYeCKas MUKpOaHrmonatus, npodunak-
TWUK2 HEOHATaNIbHbIX TPOM6030B

Ina uutnposanus: Bopobkes A.B., buuanse B.0., Xuspoesa [.X., MotankuHa C.A., Makauapus H.A., Puuuo [., On PeHuo O.K.,
bnunos [.B., MaHkpatbesa J1.J1., Lin6uzosa B.V. ®akropbl pucka v NpuHLMNBI NPOQPUNAKTUKA HEOHATAlIbHbIX TPOMOO30B.
Akywepctso, [uHekonorus v Perpogykums. 2021;15(4):390-403. https://doi.org/10.17749/2313-7347/0b.gyn.rep.2021.233.

Introduction / BBegenue

A thrombotic event in the neonatal period is a
significant cause of morbidity and mortality, especially
in the neonatal intensive care unit [1]. The incidence of
neonatal thrombosis is 4.0-5.5 per 100,000 cases [2, 3].
However, among newborns admitted to intensive care
units, the incidence of thrombosis is 3-15 per 1000 [4,
5]. In addition, in premature newborns, numerous factors,
including iatrogenic, can lead even greater to impairment
of coagulation and fibrinolysis, which increases the risk
of thrombotic complications [6, 7]. The exact number of
neonatal thrombosis cases is still unknown and, probably,
is vastly underestimated. In some cases, thrombosis is
asymptomatic or characterized by nonspecific clinical
picture. Moreover, not every case of suspected thrombosis
may be examined by ultrasound scan, magnetic resonance
imaging or venography [8]. Extensive studies on this topic
have been carried out in the last years in Canada, Germany,
and the Netherlands [3, 9, 10].

Summarizing notes on the international data / 0606Lie-
HUe MeXAYHapOoAHbIX AaHHbIX [3-11]

«2.5 per 100,000 hospitalreported cases, of which
80 % are due to the catheters used,;

« the incidence of thrombosis due to the placement of
an umbilical catheter ~ 13 %; renal vein thrombosis

~ 10 % of total venous thrombosis, including 1/4
bilateral catheters;

- the rate of cerebral venous thrombosis — 41 per
100,000;

- rate of cerebral arterial thrombosis — 28.6-90.3 per
100,000 live newborns;

- rate of thrombosis when using a catheter:

— clinical trials — 13-30 %;
— autopsy data — 20-65 %;

« the use of umbilical catheter leads to subclinical portal
thrombosis in 43 % of patients, with complete or
partial recanalization —in 56 %.

Usually, most frequent features are renal vein

thrombosis, cerebral vein thrombosis, portal or mesenteric
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What is already known about this subject?

» The state in newborn vs. adult coagulation system differs
significantly.

» Level and activity of clotting factors in preterm infants differ
significantly from those in healthy infants born at term.

» Most thrombogenic factor is installed central venous catheter
and catheter-associated infection.

What are the new findings?

» Serious risk factors for neonatal thrombosis are maternal
thrombophilia and genetic forms of neonatal thrombophilia.

» The upward trend in the number of cases for venous thrombosis
can be accounted for by the progress in management of
complex neonatal conditions and increasing survival rate in
severe premature newborns.

» Prevention of neonatal thrombosis should be started at the
pregravid stage, i. e., at the planning stage for women with
high risk: with history of obstetric complications, systemic
inflammatory diseases, diabetes mellitus, genetic or acquired
thrombophilia.

How might it impact on clinical practice in the foreseeable
future?

» Further study of the informative predictors of neonatal
thrombosis is necessary.

» Screening for thrombophilia in mothers and newborns at risk
for thrombotic complications in the neonatal period is required.

vein thrombosis in the neonatal period. Symptoms arising
from thrombosis in newborns are most often associated
with renal vascular thrombosis, cerebral thrombosis, and
nonspecific manifestations, predominantly presented as
apnea, respiratory failure, and thrombocytopenia [10].
More than 60 % of newborns develop post-thrombotic
syndrome even during anticoagulant therapy. Post-
thrombotic syndrome, a complication resulting from
neonatal thrombosis, can develop within a month after
an episode of thrombosis or several years later. It is
characterized by chronic swelling of the limbs and skin,
skin pigmentation changes, and impaired wound healing.

The neonatal death often occurs from causes resulting
from thrombosis, but is not directly related to it [12].

One of the highly unfavorable variants of thrombotic
complications in newborns is the so-called fulminant
purpura manifested as an acute, rapidly progressive
skin lesion caused by thrombotic occlusion of the small
and medium dermis blood vessels and progressive
bleeding into the skin. It is associated with a high risk
of thrombosis of the cerebral veins, retina, large vessels,
and disseminated intravascular coagulation (DIC). This

OCHOBHbIE MOMEHTbI

Yr10 yXxe u3BecTHO 06 3TN TEme?

» COCTOSsIHIE CUCTEMbI KOArynsilui Y HOBOPOXAEHHbIX 1 B3POC-
NbIX B 3HYUTENbHOI CTEMEHU Pa3nuyaeTcs.

> VPOBHY 1 aKTUBHOCTb (DAKTOPOB CBEPThIBAHMSA Y HELOHOLLIEH-
HbIX 1 3[,0POBbIX JOHOLLIEHHbIX 16TEN B 3HAYUTENLHON CTENEHN
Pa3NNYaTCS.

» Hanbonee TPOMOOrEHHbIM SBMSETCSA HAIMYME LIEHTPANbHOMO
BEHO3HOr0 KateTepa W KateTep-accoLMmnpOBaHHON MHADEKLIMN.

Y70 HOBOrO faeT cTaTbhAA?

» CepbesHbiMn (hakTopami pUCKa HeoHaTanbHbIX TPOMOO30B
ABNAOTCA TPOMOOGUINA Y MaTepu M reHeTuyeckine Hopmbl
TPOM60UINN Y HOBOPOXKAEHHBIX.

» TeHOeHUMI0 K POCTY 4uUcna Criy4yaeB BEHO3HOr0 Tpom603a
MOXXHO 00bACHUTbL YCMEXamm B IEYEHNN CIOXKHbIX HEOHATab-
HbIX COCTOSHMA W YBENIMYEHUEM BbDKMBAEMOCTU [NYOOKO
HEA0HOLLEHHbIX AETEN.

» [pohunakTuka HeoHaTanbHbIX TPOMOO30B [OSKHA Haym-
HAaTbCA HA MPErpaBUAaPHOM 3Tane Y >XEHLUMHbI, BXOAALLE B
rpynny pUCKa: C OTATOLLEHHbIM aKyLIEPCKUM aHAMHEe30M,
CWUCTEMHBIMW BOCMANMUTENIbHbIMU 3200516BAHNSAIMU, CaXapHbIM
[nabeTtom, TeHeTUYecKOW WM NpuoBPETEeHHON TpoM60dK-
nmnei.

Kak 3o MOXET NOBNMATb HAa KIIMHNYECKYH) NPAKTHKY
B 0603pumom byayem?

» Heo6xoaumo JanbHenllee n3y4eHne nHOPMATUBHbIX MPeayK-
TOPOB HEOHaTa/bHbIX TDOMGO30B.

» Heo6x04MM0 NPOBEAEHNE CKPUHIHIA HA Hanuyue Tpomoodu-
NNy MaTepein 1 HOBOPOXKIEHHBIX, BXOLAALLMX B FPYNMy pucka
N0 PasBUTUIO TPOMOOTUYECKUX OCITOXKHEHUIA B HEOHATAIIbHOM
nepuoge.

condition is associated with a deficiency of protein C or,
less frequently of protein S or antithrombin (AT) [13]. In
this case, the capillaries of the skin, kidneys, and brain
are affected because protein C exerts its action right in the
microvasculature. Skin lesions begin as slight ecchymosis,
gradually expanding with bullae formation, leading to
necrosis and gangrena. Lesions are mainly localized on
the extremities, but given that DIC develops rather quickly,
they tend to spread fast.

Also, fetal thrombotic vasculopathy (FTV), characterized
by fetal vessel thrombosis and/or thrombosis of the fetal
vascularization of the placenta, proceeds extremely
unfavorably [14]. This complication, in turn, causes
a high incidence of hypoxic-ischemic brain injury and
perinatal mortality. FTV may be suspected due to an
indication for microscopic examination of the placenta
and ultrasound examination of the newborn to exclude
thrombosis of large vessels. In all patients with fetal
growth retardation and severe fetal hypoxia (including
cases of diagnosed maternal thrombophilia), FTV should
be excluded and newborn screening for thrombophilia is
recommended [15].

m http://www.gynecology.su
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The main features of newborn hemostasis /
Oco6eHHOCTH (DYHKLIMOHUPOBAHUA CUCTEMBI FEMOCTa3a
Y HOBOPOXEHHbIX

The coagulation system in newborns markedly differs
that one in adults [16-26]. In addition, the levels and
activity of clotting factors in premature babies are
extremely distinct to those found in healthy babies born
at term. Goagulation factors levels, anticoagulants, and
fibrinolytic factors change during the neonatal period.
Initially, the lower level of procoagulants in the first 3-4
days after birth significantly increases by day 10-14 of the
postpartum period [17].

Immediately after childbirth, production of
coagulation factors synthesis is markedly reduced, and
the concentration of vitamin K-dependent coagulation
factors (ll, VII, IX, X) and contact coagulation factors
(X1, XIl, prekallikrein and high molecular weight
kininogen) comprises about 50 % of the corresponding
concentrations in adults [18]. In the postnatal period,
the liver synthetic function gradually increases, and the
concentration of coagulation factors elevates — factors
VIl and XIIl correspond to the adult level by 3—4 weeks
of life, whereas other hemostasis components — factors
I, IX, XI, prekallikrein, AT and protein C increase to
the adult level within 3—6 months after childbirth [23].
Immediately after childbirth, fibrinolysis becomes
activated, possibly being associated with the need
to compensate for the stimulating coagulation effect
of maternal and placental factors, soon leading to
fibrinolytic system depletion and decreased levels of AT,
plasminogen, proteins C and S [24].

The number of platelets after birth increases unevenly,
with the peak at 2-3 weeks of the postpartum period due
to increased thrombopoietin production immediately after
childbirth [25]. At the same time, platelet activity is slightly
reduced. The ability to activate platelets by collagen,
thrombin, and thromboxane is efficient 5-10 days of the
postpartum period, whereas the von Willebrand factor
(VWF) activity also increases parallelly in newborns [26].

Thus, the balance of the procoagulants factor, platelet
activators, and the fibrinolytic system change several
times during the early postpartum period. Also, significant
differences in the activity and concentration of hemostasis
components in term and premature infants are noted
(Table 1).

In general, all newborns are characterized by a
prothrombotic status: low level of fibrinolysis factors
(AT, proteins C and S), especially in premature infants,
in combination with high level of vWF, VV and VIII factors.
In addition, neonatal hemostasis exerts less buffering,
compensatory capacity [16-26].

Thus, the first months of life are the high-risk period
for thromboembolic events. The above-described
differences in the function of the hemostasis system in
the neonatal period, along with congenital risk factors
(genetic thrombophilia) and perinatally acquired risk

factors, create together a high level of thrombotic risk in
newborns.

Risk factors for thrombosis in the
neonatal period / ®axTOpHI pHCKA
TPOMOO30B Y HOBOPOKIECHHBIX

Any thrombotic complication is associated with the
classic Virchow triad: hypercoagulation, wall damage
of blood vessels, and blood stagnation. The same trend
can be tracked down to neonatal thrombosis. All risks of
neonatal thrombaosis can be divided into:

« associated with installed venous catheter;

« directly related to the condition of the newborn and

the mode of delivery;

« related to the maternal condition.

Catheter-associated risk factors for neonatal thrombosis /
Katetep-accouumpoBaHHble hakTopbl pUCKa
HeoHaTanbHbIX TPOM6030B

The presence of a central venous catheter is the most
thrombogenic factor, accounting for 80 % of all cases of
venous thrombosis and 90 % of all arterial thrombosis
are being associated, and in addition, 60 % of thrombosis
occurring during the first year of life, whereas as few
as 5 % of them display symptoms [27]. Ultrasound
examination and venography can already detect up to a
30 % and 75 %, respectively, of all thrombosis cases [28].

A venous catheter placement, promotes thrombus
formation, enhancing the absorption of proteins,
adhesion of platelets, leukocytes, and increased thrombin
production. In addition, one of the neonatal thrombaosis
mechanisms due to venous catheter is the catheter-
associated infection [29]. Electron microscopy studies
have shown that bacteria can migrate from the skin along
the lumen of the catheter and infect it within a few hours
after installment [30, 31]. This accounts for an increased
incidence of thrombosis after 3—4 days from placement.
Also, situations that contribute to the risk of developing
catheter-associated thrombotic  complications are
presented as parenteral nutrition and the need for blood
transfusion or its components.

Risk factors for neonatal thrombosis associated with the
neonatal condition / ®aKTopbl pucka HeoHaTaNbHbIX
TPoM6030B, CBA3aHHbIE C COCTOSHUEM HOBOPOXAEHHOIO

Factors associated with the neonatal condition include
gestational age, the intensive care unit stay, infection
complications,  septic  conditions,  immobilization,
concomitant neoplasms, surgical procedures, systemic
viral infection, congenital heart defects, asphyxia episodes
in childbirth and dehydration. It was found that the risk of
thrombosis in newborns born after 37 weeks of gestational
age is significantly lower than in premature babies [32].

Conditions associated with the immune system
activation and increased proinflammatory cytokine
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§ Table 1. Features of neonatal hemostasis [16-26].
e Tabnuua 1. 0CO6eHHOCTN CUCTEMbI FEMOCTa3a y HOBOPOX/EHHbIX [16-26].
[ ]
a Parameter Comparison of the parameters in Comparison of the parameters in full-
o premature and full-term newborns term newborns and adults
Q| Moka3zatenb CpaBHeHue nokasartenen CpaBHeHue nokasartesnen Y AOHOLEHHbIX
Y HE[IOHOLLEHHBIX W [IOHOLLEHHbIX HOBOPOXAEHHbIX U B3POCNbIX
" HOBOPOXAEHHbIX
N Platelet count Reduced, especially Slightly reduced
:( prior to 32 weeks
)‘-ﬂ Hucno TpomM60oLMTOB CHMXEHO, He3Ha4nTenbHO CHKEHO
> 0C066HHO A0 32 Hep,
g Platelet activity Reduced Slightly reduced,
o increases by 5-10 days
@1 |AkTMBHOCTb TPOMEOLUTOB CHmxeHa He3Ha4nTenbHO CHUXEHa,
u HapacTaet K 5-10-y fHI0
v Von Willebrand factor Elevated Elevated
m ®akTop hoH BunnebpaHaa MoBblLLIEH [ToBbiLLIEH
= | |ADAMTS-13 Reduced Slightly reduced
" ADAMTS-13 CHuXeH He3Ha4nTenbHO CHUKEH
N Factor V Reduced Slightly reduced
é ®akTop V CHuXeH He3HaYnTenbHO CHIKEH
< Factor VIII Elevated Slightly reduced
(@) ®akTop VIII MoBblLLEH He3HaYnTenbHO CHIKEH
% Factor IX Reduced Reduced
®akrop IX CHWXeH CHmKeH
o
= | |Factor XII Reduced Reduced
L‘ ®akTop XII CHMXeH CHWXeH
" Fibrinogen level Similar Similar
8 YpoBeHb (hnbpuHOreHa AHanornyHbIi AHanornyHsIn
= Fibrinogen activity No data Reduced
Q AKTUBHOCTb (ONOPUHOTEHA HeT faHHbIX CHuXeH
8“ Antithrombin Reduced Reduced
E AHTUTPOMOUH CHuXeH CHuXeH
> Protein C Reduced Reduced
¢ MpoteunH C CHuxeH CHuXeH
< Protein S Reduced Reduced
MpotenH S CHKeH CHmKeH
Plasminogen level Reduced Reduced
YpOBeHb Nia3mMMHOreHa CHuXeH CHuXeH
Tissue factor pathway inhibitor (TFPI) No data Reduced
NHrnéutop nytn TKaHesoro dpaktopa (TFPI) HeT aaHHbIX CHmXeH
Tissue plasminogen activator (tPA) Similar Elevated
TkaHeBoil akTBaTop nnasmuHorexa (tPA) AHanornyHbIi MoBbiLweH
Plasminogen activator inhibitor-1 (PAI-1) Similar Slightly increased
Hrméutop aktneartopa nnasmuHoresa-1 (PAI-1) AHanoruyHeln He3Ha4nTenbHO NoBbILLIeH

expression, are also risk factors for thrombosis: sepsis
in newborns, infectious complications, systemic viral
infection, catheter-associated infection [33]. Similar to
adults, inflammation causes hemostasis activation, but
with the less compensatory potential of the neonatal
coagulation system. This leads to a significant percentage
of thrombotic complications. Proinflammatory agents
induce damage to the endothelium and exposure of the
procoagulant surface of the subendothelial matrix, which
contains various components, including collagen, vWF,

etc., which provide adhesion and platelets activation
[34]. During inflammation, coagulation activation leads to
excessive thrombin generation, which is a potent platelet
activator. Endotoxins and cytokines promote platelet
activation, with aggregation stimulants being released
(adrenaline, ADP, serotonin, thromboxane). In addition,
inflammatory mediators influence endothelial dysfunction
due to the coagulation system activation, the complement
system, and blood cells, primarily macrophages and
neutrophils [35].

m http://www.gynecology.su
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Many studies indicate an importance of delivery mode
as arisk factor: the use of venthouse delivery or emergency
cesarean section in 5-6 % of cases is associated with the
developing neonatal thrombosis [36].

Maternal risk factors for neonatal thrombosis /
(aKTopbl pucka HeoHaTaNbHbIX TPOM6030B, CBA3aHHbIE
C COCTOSIHUEM MaTepH

Maternal risk factors for neonatal thrombosis include
a negative obstetric history, complications of the actual
pregnancy — such as preeclampsia (about 13 % of cases
of thrombosis) [37], placental insufficiency, the presence
of systemic inflammatory diseases, gestational diabetes
mellitus, or complications pre-pregnancy (about 5 % of
cases of neonatal thrombosis) [38, 39] and finally the
presence of maternal thrombophilia [40].

Preeclampsia is always associated with a placental
blood flow decline; the pathogenesis being accounted
for by impaired placentation, and/or vascular defects in
the placental bed, which is associated with a maternal
hypercoagulation state. All these factors may promote
activation of the neonatal coagulation cascade [41].

Diabetes mellitus is associated with vascular wall
damage and endotheliopathy that increases the coagulation
potential and a risk of placental infarction as well as directly
acts on the risk of neonatal thrombosis [42].

Thrombophilia-related risks of neonatal thrombosis /
Tpom6othunus-o6ycnoBneHHbIE PUCKN HEOHATANbHbIX
Tpom6030B

A serious risk factor for neonatal thrombosis is the
presence of maternal thrombophilia and/or genetic
forms of thrombophilia in the newborn. However, little
knowledge about the specific pathophysiological
mechanisms responsible for most cases of neonatal
thrombosis is available. Maternal thrombophilia can
increase coagulation potential and pre-thrombotic state
during pregnancy, as well thrombotic vasculopathy at the
placental level [43].

The most dangerous risk factor is AT deficiency. The
homozygous form is incompatible with life. AT is an
essential physiological protease inhibitor, mainly acting
on thrombin and factor Xa [44]. AT deficiency increases

the risk of developing venous and arterial thrombaosis.

Two forms of hereditary AT deficiency are distinguished:
type | — quantitative with AT low level and activity, and type
Il - qualitative with AT dysfunction. Type Il is characterized
by normal AT levels but decreased AT activity.

The management of neonates with thrombosis along
with AT deficiency is a challenging task associated
with insufficient effectiveness of any heparin-based
anticoagulant therapy. In some cases, it is required to
inject AT-concentrate together with anticoagulants to
achieve an adequate response to therapy [45]. It usually
takes several days to reach normal anti-Xa levels. In each
case of an inadequate response to heparin therapy, it

should be remembered about such opportunity and timely
diagnose AT deficiency.

In ahomozygous form of protein C deficiency, neonates
develop the so-called fulminant purpura [46], a severe,
but extremely rare condition — less than a hundred cases
have been reported since its first description in 1984. In
most of protein C deficiency cases, antenatal fetal death
occurs. Treatment should be applied as soon as possible
consisting in the substitutive therapy: it is necessary to
transfuse blood plasma, which contains protein C, or
directly protein G concentrates, especially in severe cases;
finally, liver transplantation is required in order to provide
the protein C production [47, 48].

Several studies have shown that the mutations of fac-
tor V Leiden (FV G1691A) and prothrombin G20210A
(FIl G20210A) are associated with a higher incidence of
neonatal thrombosis, although the evidence remains con-
troversial [49, 50]. A mutation in the methylenetetrahy-
drofolate reductase C677T gene (MTHFR C677T) is also
considered as potentially thrombogenic factor.

Two meta-analyses have been published investigating
the prevalence of FV G1691A and FIl G20210A mutations
in children with thrombosis. G. Kenet et al. found a
positive association of FV G1691A and FIl G20210A with
cerebral sinus thrombosis but did not separate from the
whole neonatal thrombosis group [51]. Meta-analysis
by R. Laugesaar et al. showed that the neonatal cohorts
were separated, and an association of FV G1691A with
thrombotic episodes was found. Still, this meta-analysis
showed no association of the FIl G20210A mutation
with neonatal thrombosis, although an association was
found for childhood [52]. In addition, studies report an
independent pathogenetic role of genetic thrombopbhilia in
newborns in emerging thrombotic complications [53]. In
contrast, other authors observe that genetic thrombophilia
causes thrombotic events in newborns only together with
additional risk factors, such as dehydration, polycythemia,
infectious complications, and most commonly placement
of catheters [54]. Thus, routine screening for thrombophilia
is not so crucial. However, in the presence of conditions
associated with impaired hemostasis function—aggravated
obstetric history, complications of the actual pregnancy
(preeclampsia, placental insufficiency, the presence of
systemic inflammatory diseases), it is recommended to
test mothers and newborns for congenital and acquired
thrombophilia.

A similar trend has been observed for circulating
maternal antiphospholipid antibodies (APA) because it
appears not to be a significant independent risk factor for
thrombosis in newborns [55]. However, in the presence
of at least one additional risk factor, more often such
as catheter, sepsis, asphyxia, especially combined with
genetic thrombophilia, 60 % of newborns developed
thrombotic complications [56]. The pathogenesis of
perinatal thrombosis associated with APA circulation can
be accounted for by both the transplacental passage of
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maternal antibodies and the de novo APA production in
newborn [57]. Another feature of thrombotic complica-
tions in newborns associated with APA circulation is that
most newborns develop arterial thrombosis, including
thrombosis of the cerebral arteries.

One of the severe thrombotic variants is
neonatal microangiopathy, particularly thrombotic
thrombocytopenic purpura (TTP) caused by the

congenital defect in the ADAMTS-13 (a disintegrin
and metalloproteinase with a thrombospondin type 1
motif, member 13) gene [58]. ADAMTS-13 deficiency
leads to increased VWF multimer level, which in turn
causes the development of microvascular thrombosis
and thrombocytopenia by consumption. TTP may result
from congenital ADAMTS-13 deficiency or due to anti-
ADAMTS-13 antibodies blocking its activity [59].

The majority of authors found that the level of vWF in
newborns increases after childbirth. In addition, stress
and inflammation are the factors that stimulate vWF
expression. The stress-related increase in its expression
during childbirth can also account for the higher level of
vWF in the neonatal period [60]. However, similar to APA
circulation, neither ADAMTS-13 decline nor vWF increase
in newborns lead to developing thrombotic complications,
but can lead to thrombosis when concomitant additional
risk factors such as hypoxia, sepsis, and other acute
diseases, and, of course, the placement of a long-term
central catheter exists. Nevertheless, an imbalance in
the vVWF/ADAMTS-13 ratio is indeed a risk factor for
developing thrombosis in newborns.

To summarize the data noted above, the risk factors for
neonatal thrombosis are presented below (Table 2).

Hemostasis testing in newborns / iccnegosanue
remocTasa y HoBOpPOXEeHHbIX

For the newborns, especially at premature stage,
whose hemostasis balance differs from that one in
adults even under physiological conditions, the use of
global tests can solve the problem of the low specificity
of standard tests as predictors of thrombohemorrhagic
complications and control of therapeutic efficacy. The
search for informative predictors is a highly urgent task
because in practice the pathological state can predispose
newborns to both thrombosis and bleeding. The attending
physician is forced to focus mainly on the clinical
picture, which in most cases becomes evident after the
thrombohemorrhagic event appears.

Principles of prevention of neonatal
thrombosis in risk groups / IIpuHITAIIBI
NPOPHIAKTHKH HEOHATAIBHBIX
TPOMOO30B B IPYIIIIAX PHCKA

Prevention of neonatal thrombosis is a challenging and
non-obvious task since its main features are not related to
anticoagulant therapy directly in newborns, but:

« the identification of genetic and acquired defects
of hemostasis in mothers (genetic thrombophilia,
especially homozygous forms, antiphospholipid
syndrome, hyperhomocysteinemia);

« the possible identification of genetic thrombophilia in
fathers;

« the correct and careful management of pregnancy,
aimed at preventing the fetal-placental insufficiency
and the prevention of preterm birth;

«the prevention and early diagnosis of perinatal
infections;

« the critical analysis of early neonatal manifestations of
the thrombotic process. It should remember that any
cerebral circulation disorder form which happens not
so rarely, can be aggravated or be a manifestation of
a latent thrombotic process.

Choice of anticoagulant therapy in groups at risk of
neonatal thrombosis / Bbi6op aHTUKOArynsAHTHOW Tepa-
MUK B rpynnax pucka HeoHaTanbHbIX TPOM6030B

Anticoagulant therapy in newborns is not an easy
management. Despite the multiple differences described
above in adults and newborns hemostatic system, current
anticoagulants are used by extrapolating data mainly from
studies performed in adults. In addition, most neonates
requiring anticoagulant therapy may have morbidity or
conditions that additionally affect the choice of drugs and
their dosage associated with the risk of bleeding.

Among the numerous drugs used as anticoagulants
in obstetric and pediatric practice, the most studied are
warfarin, unfractionated heparin (UFH), and low molecular
weight heparin (LMWH). Compared to warfarin and UFH,
LMWH is less susceptible to the effects of nonspecific
plasma factors and displays more stable pharmacokinetics
[45]. As a result, patients require fewer daily injections
and less dose adjustments. Studies to determine the
appropriate dosage of LMWH in newborn have not been
conducted yet; therefore most often the choice of dosage
in newborns follows the "therapeutic range": the level
of anti-Xa 0.5-1.0 IU/ml 4-6 hours after administration,
which is, however, based on study conducted for adults
[45]. Some dosage recommendations are based on small
studies reporting the average dose needed to reach the
therapeutic range, and some differences between these
recommendations have been noted as well [45, 61-64].

Efficacy of low molecular weight heparin preparations in
prevention of neonatal thrombosis / 3dhekTuBHOCTD
npenapaToB HU3KOMONEKYNAPHOro renapuHa npu
npothunakTUKe HEOHaTaNbHbIX TPOM6030B

Study by C.H. van Ommen et al. showed that the
starting dose of nadroparin calcium was set at 85.5 [U/kg
twice a day. In newborns, the maintenance dose was 448
+ 42 1U/kg/day (6 subjects), 253 + 22 1U/kg/day in infants
from 2 to 12 months (10 subjects), and 214 + 8 |U/kg/day
in children from 2 to 11 years old (13 subjects). Neonates
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Table 2. Risk factors for neonatal thrombosis [27-29, 32, 33, 37-42, 43-54].
Tabnuua 2. akTopbl pucKa HeoHaTanbHbIX TPOM6030B [27-29, 32, 33, 37-42, 43-54].

Mother-related
CBAi3aHHbIE C COCTOSAHNEM MaTEpH

Neonate-related
CBfAI3aHHbIE C HOBOPOX/EHHbIM

Catheter-associated
Katetep-accouunpoBaHHble

Negative obstetric history

OTATOLLEHHbI aKyLIEPCKUI aHaMHe3

Method of delivery: emergency caesarean
section, obstetric forceps
Cnoco6 poropaspeLleHns:
9KCTPEHHOE KECapeBo CeyeHue,
NPUMEHEHIE aKyLIEPCKNX LLAMLIOB

Central venous catheter

LleHTpanbHbIit BEHO3HbI KaTeTep

Preeclampsia and fetal-placental insufficiency

lMpeaknamncua n getonnaleHTapHas
HEeLO0CTaTO4HOCTh

Gestational age
[ecTauMoHHbIA BO3pacT

Catheter-associated infection
Katetep-accounnpoBaHHas nHMekLms

Systemic inflammatory diseases

CucteMHble BocnanuTenbHble 3ab0neBaHns

Infectious complications and septic
conditions
HdeKLMOHHbIE OCNOXHEHUS
1 CeNnTUYeCKMe COCTOAHNA

Parenteral nutrition

[MapeHTepanbHoe nuTaHue

Diabetes mellitus, including gestational

CaxapHblit guaber,
B TOM YMCe FeCTaLOHHbIN

Duration of intensive care unit stay and
immobilization
MpofomKMTeNbHOCTL NPebbIBaHUSA
B OTAENIEHUN UHTEHCUBHOI Tepanum
1 UMMOBUAN3ALS

The need for transfusion of blood
and its components
Heo6x0aMMoCTb NepenBaHns KpoBu
11 €6 KOMMOHEHTOB

Genetic or acquired thrombopbhilia
[eHeTMYeckas unm npnobpeTeHHas
TpomboUIus

Concomitant neoplasm
Hanuyue HoBoO6pa3oBaHms
Y HOBOPOXXAEHHOr0

Surgical procedures
Heo6x0aAMMOCTb XUPYPryeckoro
BMeLLATENbCTBA

Congenital heart defects
Bpox[eHHble MOpPOKM cepaLa

Asphyxia episodes in childbirth
Ann3oabl acnkenm B pofax

Dehydration
06e3B0X1BaHNE

Systemic hypotension
CucTeMHas runoTeH3ms

require more often and longer dose adjustments to reach
the “therapeutic range” taking about 6 days on average
[62]. A significant advantage of using LMWH compared
to UFH is the platelet factor 4 and the osteoblasts reduced
binding, which decreases a risk of heparin-induced
thrombocytopenia and osteopenia.

Inastudy with Enoxaparin use for newborns (Enoxaparin
is contraindicated in children and adolescents under the
age of 18 in the Russian Federation), an initial dose of
1.5 mg/kg [63] or 1.7 mg/kg [64] every 12 hours was
recommended. The duration of anticoagulation therapy in
neonates usually ranges from 6 weeks to 3 months [45].

It should be noted that due to some differences in
the pharmacokinetics of various forms of low molecular
weight heparin, the expected anticoagulant effect of
various drugs especially in the neonatal period, is not
identical, so that the results of therapy with one drug
cannot be directly extrapolated for others.

Safety of low molecular weight heparin in prevention
of neonatal thromhosis / besonacHocTb npenaparos
HU3KOMONEKYNAPHOr0 renapuHa npu npohunakTuKe
HeoHaTanbHbIX TPOM6030B

Concerning the therapeutic safety of LMWH drugs
used in newborns, the C.H. van Ommen et al. study
demonstrated the high safety of nadroparin calcium
while used in children: none of the 39 patients had any
severe hemorrhagic complication [62]. Other researchers
reported the occurrence of severe hemorrhagic
complications in 0-5.6 % cases after using drugs other
than LMWH (enoxaparin) in pediatrics [64-68].

Conclusion / 3axiaouenue

Thrombotic complications in newborns are rare and
usually occur as complications of an underlying medical
condition, such as sepsis or congenital heart defects,
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or they may be caused by exogenous triggers such as
placement of an intravascular catheter.

Rate of neonatal venous thrombosis increases because
of the progress in the treatment of complex neonatal
conditions and due to elevated survival rate of early
premature infants.

The main risk factor of any neonatal thrombosis is
the placement of central catheter, but there are other
maternal, fetal and neonatal risk factors to be considered
both related to mother and newborn.

One of the essential factors in the pathogenesis
of neonatal thrombosis is the function of the blood
coagulation system in newborns.

The thrombosis significantly complicates the
neonatal condition and is the cause for more extended
hospitalization, the need to remove or rearrange the
central catheter, and an increased risk of bleeding
associated with anticoagulant therapy.

The pathogenetic role of maternal and neonatal
thrombophiliais appreciated, but due to the limited number
of observations, a degree of pathogenetic significance for
various forms of thrombopbhilia is not fully clarified, and a
question regarding a need to screen for thrombaophilia in
mothers and newborns remains open.

The administration of anticoagulant therapy should be
based on knowledge of the characteristics of neonatal
hemostasis and its changes in pathological syndromes.
Understanding about a mechanism for activity of low
molecular weight heparins (as the drug of choice in
preventing/treating neonatal thrombosis) is critical for
the personalized management of such newborns. The
scarce knowledge regarding pharmacodynamics of
anticoagulants and the pathophysiology of neonatal
thrombosis in the context of anticoagulant therapy may
be even more dangerous than the causative pathological
condition.
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