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BACKGROUND: Umbilical cord blood is used for the testing of various parameters in newborns. However, data on its applicability

for hemostasis assays is insufficient.

OBJECTIVE: To evaluate whether umbilical cord blood can be used for standard tests, thromboelastometry and thrombodynamics

for preterm and term newborns.

METHODS: 187 newborns were included in the study. Blood was taken from the umbilical cord and by venipuncture of the
newborn. Clotting times, fibrinogen, D-dimer, thromboelastometry and thrombodynamics were measured.

RESULTS: Clotting times and fibrinogen indicated a hypocoagulable shift, while thromboelastometry and thrombodynamics
showed a hypercoagulable shift in hemostasis in umbilical cord blood compared to newborn blood. D-dimer indicated an
enhanced process of thrombus lysis in newborn blood compared to cord blood. Collecting blood into a tube with the addition of a
contact pathway inhibitor did not significantly change the global assay parameters in either umbilical cord blood or newborn
blood. In the thrombodynamics assay, spontaneous clotting was detected but suppressed by the addition of a tissue factor

inhibitor.

CONCLUSIONS: Hemostasis in cord and newborn blood differs for both global and standard tests. Hypercoagulability in newborns
registered with the global assay thrombodynamics is associated with the presence of tissue factor in the blood.

Pediatric Research; https://doi.org/10.1038/s41390-024-03475-y

IMPACT STATEMENT:

1. We found a hypercoagulation shift in newborns compared with the adult references, possibly due to the presence of tissue

factor in blood.

2. Blood coagulation is enhanced in cord blood compared with blood sampled from the vein of a newborn according to

thromboelastometry and thrombodynamics assays.

3. Clotting times and fibrinogen concentrations in cord blood differ from these parameters in newborn blood.
4. Studying of the (patho)physiological features of hemostasis in newborns should consider differences in cord blood and vein

sampled blood.

INTRODUCTION

Hemostasis in newborns differs from that in adults, depends on
gestational age,' and changes rapidly during the first weeks of
life>* Therefore, when studying hemostasis in newborns, it is
necessary to focus on the correct reference ranges, accounting for
gestational age and time passed after birth.

Classical hemostasis tests, such as measurements of the
activated partial thromboplastin time (APTT), prothrombin time
(PT) (as well as prothrombin and the international normalized
ratio) and fibrinogen, have been thoroughly studied for newborns.

Clotting times are longer in neonates than in adults." This is
apparently due to reduced concentrations of clotting factors in
the blood of newborns." According to data from various studies,
the fibrinogen concentration in neonates does not change'*® or
is reduced’® compared to that in adults. Inhibitor concentrations
are also reduced in neonates, but the sensitivity of clotting tests to
clotting inhibitor deficiencies is poor due to the peculiarities of
their design. Briefly, the activator concentrations used are so high
that the time needed for slow-acting antithrombin®'® to have a
detectable impact on clotting before all fibrinogen is converted to
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fibrin is insufficient. The differences between the parameters of
classical tests in newborns and adults become less pronounced
with increasing gestational age' and time after birth.'” Among the
clotting and fibrinolysis markers, the D-dimer concentration is
increased (probably as a result of trauma at birth) in neonates
compared to adults.'”>* Studies have shown a decrease in
D-dimer concentration with gestational age'® and a higher
D-dimer concentration in newborns delivered by cesarian section
than in those delivered vaginally.'®"”

In some cases, global hemostasis tests are more informative for
monitoring therapy and predicting coagulation disorders in new-
borns.'®'® According to global hemostasis tests, thrombin generation,
thromboelastometry/thromboelastography and thrombodynamics,
coagulation is enhanced in newborns than in adults®'®'® Additionally,
in newborn blood, the thrombodynamics assay demonstrates the
formation of spontaneous clots® which are formed due to the
presence of clotting activators (activated factors, tissue factor (TF) or
phospholipids) in the blood plasma.>® Thrombin generation test has
shown that compared with term newborns, preterm newborns have
increased coagulation,?’ but thromboelastometry/ thromboelastogra-
phy data are controversial 2*2*

Another important point in the study of hemostasis in
newborns is the widespread use of umbilical cord blood. The
potential benefit of using umbilical cord blood is the ability to
draw blood painlessly and obtain a larger volume of blood for
analysis. Yet, there is still no clear consensus whether the cord
blood can reflect the hemostasis state in newborns in the same
manner as the newborns’ peripheral blood. The APTT, PT and
fibrinogen concentrations in the peripheral blood of newborns
and in umbilical cord blood are similar to those in the
literature.>® Regarding the global assays thromboelastography
and thrombin generation, in umbilical cord blood, coagulation is
enhanced compared to that in peripheral blood.?®

In this study, we investigated the feasibility of using cord blood
in routine and global hemostasis tests for both healthy newborns
and preterm newborns. In addition, we investigated the causes of
spontaneous thrombus formation in the blood of newborns via a
thrombodynamics assay.

MATERIALS AND METHODS

Study population and specimen collection

The study was conducted in accordance with the Declaration of Helsinki.
The study was approved by the ethics committee of the National Medical
Research Center for Obstetrics, Gynecology and Perinatology named after
academician Kulakov V.. (Protocol code: 10, date of approval: 23
November 2017). The inclusion criteria were the presence of indications
for cesarean section before the onset of labor and patient consent for
inclusion in the study. The non-inclusion criteria were emergency cesarean
section, critical health conditions of the mother or newborn. The exclusion
criterion was the absence of at least one hemostasis test result.

Cord blood was drawn from the umbilical vein during the cesarean
section birth immediately after separation of the placenta from the uterine
wall. Delayed cord clamping was performed only for preterm infants with a
gestational age of 36 weeks or less and when possible. In total, this
procedure was performed on 14 newborns (50%). Peripheral blood was
drawn from the intact peripheral vein (the median vein of the elbow, the
medial vein of the forearm, or the dorsal venous plexus) during the first 2 h
after birth. Demographic and clinical information was collected from each
infant’s medical records.

Blood was drawn into standard 106 mM sodium citrate buffer tubes (S-
Monovette, Sarstedt, Germany). Blood was sampled once both from the
umbilical cord and from the newborns. Blood (4.5 ml) was taken from the
umbilical cord. Blood (1.3 ml) was taken from all newborns, except 12
newborns, from which a total of 2.6 ml of blood was taken. In 12 patients, we
collected an additional 1.3 ml of blood into a tube containing 50 pg/ml corn-
trypsin inhibitor (CTI, Reagent | from Thrombodynamics Kit, HemaCore, LLC,
Russia) mixed with sodium citrate to assess the effect of contact activation
during blood sampling on the test results. These 12 newborns were
randomly selected, excluding only neonates whose gestational age was less
than 33 weeks and whose weight was less than 2000 g.
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Three hundred microliters of whole blood were used for thromboelas-
tometry. The remaining whole blood was processed by centrifugation at
1600 x g for 15 min to obtain platelet-poor plasma. Platelet-poor plasma
was repeatedly processed by centrifugation at 10,000 x g for 5 min to
obtain 120 pl of platelet-free plasma, which was used for the thrombody-
namics assay. The remaining platelet-free plasma was frozen and stored at
—80 °C for further investigation of the source of spontaneous clots in the
thrombodynamics assay. The time interval between collection and analysis
was less than 2 h.

Laboratory assays

Standard coagulation tests, including APTT, prothrombin, fibrinogen and
the D-dimer concentration were performed using an ACL TOP 700 system
and HemoslL® reagents (Instrumentation Laboratory, Lexington, MA).

Rotation thromboelastometry was performed on whole blood with a
ROTEM® thromboelastometer (Pentapharm, Germany). A Non-Activated
Thromboelastometry (NATEM) assay was performed, the following
standard parameters were calculated as described in ref. 27 and further
data analysis was conducted: clotting time (CT), clot formation time (CFT),
angle (a) and maximum clot firmness (MCF).

A thrombodynamics assay was performed with a Thrombodynamics
Analyzer and Thrombodynamics Kit (HemaCore, LLC, Russia) as described
previously.?® This method is based on registering spatial fibrin clot growth
after the activation of clotting in a thin layer of plasma after contact with
an immobilized TF-bearing surface. The process of clot growth was
registered by serial photos during the test. In some cases, spontaneous
clotting (clot formation in the cuvette space not associated with the main
clot growth) occurred and was described with a spontaneous clotting
plot® The following standard parameters were calculated as described in
ref. 2% lag time (T},g), initial rate of clot growth (V)), rate of clot growth (V),
clot density (D) and spontaneous clotting time (T).

Adult reference ranges for standard assays and thrombodynamics assays
were obtained from the manufacturers. Adult reference ranges for
thromboelastometry were obtained from the Clinical Diagnostic Labora-
tory of National Medical Research Center for Obstetrics, Gynecology and
Perinatology.

Inhibition of spontaneous clotting in the

thrombodynamics assay

In total, 100 nM of inactivated factor VII (FVllai, which was prepared as
described previously*® and used as a TF inhibitor), or 100 nM of nitrophorin
2 (a direct inhibitor of activated FIXa, NP2, kindly provided by Dr. JF
Andersen) or vehicle was added to blood plasma that was recalcified with
20 mM calcium acetate (Reagent Il from the Thrombodynamics Kit) and
observed for 60 min in a Thrombodynamics Analyzer (the TF-bearing
surface was not inserted). The effect of the inhibitors was evaluated by the
time of spontaneous clots appearance (T;q9), which was determined as the
time the average light scattering intensity of the plasma volume distant
from the activating surface reached 10% of the maximum light scattering
measured after 60 min in the area where the plasma had completely
clotted. The absence of spontaneous clotting is indicated by
T109% = 60 min.

Statistical analysis

The median (min-max) or median (25-75%) was used to estimate the
results. The Mann-Whitney U test (nonrelated samples), Wilcoxon signed-
rank test (related samples) for continuous data or Fisher's exact test for
categorical data were used for statistical analysis. To estimate the strength
of the correlations, the Spearman correlation coefficient was calculated.
The results were considered significant at p < 0.05. Statistical analysis was
performed using Origin Pro 2018 (OriginLab Corp., Northampton, MA)
software.

RESULTS

Study population characteristics

In total, 187 newborns (159 term and 28 preterm) born to 184
mothers were enrolled in the study. All newborns were delivered
by cesarean section due to causes not related to maternal or fetal
coagulation (Table 1). The newborns were divided into three
groups (Table 1). The first group (n=101) included apparently
healthy newborns with a gestational age of 37 weeks or more; the
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Table 1. Clinical characteristics of the patients.

Parameters Median (min-max) or N (%)
Mother

Age, years 35 (21-53)

BMI, kg/m? 26 (18-49)

Preeclampsia 12 (6.5%)

Gestational diabetes 4 (2.2%)

Liver disease 6 (3.3%)

High-risk thrombophilia 3 (1.6%)

Singleton/twin pregnancy
Newborn

180 (97.8%)/4 (2.2%)

All newborns

Healthy term newborns
(group 1)

Term newborns with clinical
complications (group 2)

Preterm newborns
(group 3)

No. of patients 187 101 58 28
Gestation age, weeks 37 (27-40) 38 (36-40) 38 (36-40) 33 (27-36)
Weight, g 3075 (748-4320) 3270 (1900-4290) 3345 (1660-4320) 2205 (748-3996)
Male/female 103/84 56/45 33/25 14/14
Apgar score
5/6 1 (0.5%) 0 (0%) 1 (1.7%) 0 (0%)
6/7 2 (1.1%) 0 (0%) 0 (0%) 2 (7.1%)
6/8 2 (1.1%) 0 (0%) 1 (1.7%) 1 (3.6%)
7/7 7 (3.7%) 0 (0%) 3 (5.2%) 4 (14.3%)
7/8 11 (5.9%) 0 (0%) 0 (0%) 11 (39.3%)
8/8 6 (3.2%) 3 (3.0%) 2 (3.4%) 1 (3.6%)
8/9 158 (84.5%) 98 (97.0%) 51 (87.9%) 9 (32.1%)

Morbidities of the early neonatal period

Respiratory distress 11 (5.9%) 0 (0%) 0 (0%) 11 (39.3%)
syndrome

Congenital heart defects 18 (9.2%) 0 (0%) 15 (25.9%) 3 (10.7%)
Congenital brain defects 2 (1.1%) 0 (0%) 2 (3.4%) 0 (0%)
Congenital anemia of the 24 (12.8%) 0 (0%) 20 (34.5%) 4 (14.3%)
newborn

Hemolytic disease of the 9 (4.8%) 0 (0%) 6 (10.3%) 3 (10.7%)
newborn

Congenital infection, 14 (7.5%) 0 (0%) 7 (12.1%) 7 (25.0%)
including pneumonia

Neonatal jaundice 13 (7.0%) 0 (0%) 9 (15.5%) 4 (14.3%)
Congenital benign 5 (2.7%) 0 (0%) 5 (8.6%) 0 (0%)
neoplasms

Disorder of the genitourinary 6 (3.2%) 0 (0%) 5 (8.6%) 1 (3.6%)
system

Hemorrhage 19 (10.2%) 1 (1%)? 7 (12.1%) 11 (39.3%)

BMI body mass index.
#Minor subcutaneous hemorrhage.

following minor comorbidities were observed in some newborns:
transient tachypnea of newborns, large weight for gestational age,
ankyloglossia, congenital malformations of the fingers, and minor
hemorrhage under the skin. The second group (n = 58) included
newborns with a gestational age of 37 weeks or more with
complications (Table 1). The third group (n = 28) included preterm
newborns.

Congenital benign neoplasms were recorded in 5 newborns:
hepatic hemangiomatosis, lymphangioma of the head and neck,
liver cyst, ovarian cyst, and multicystic dysplastic kidney. Anemia
was recorded in 24 newborns: 18 newborns with congenital
anemia (minimum hematocrit value in the first 3 days of life of 135
(78-149) g/l, median (min-max)), 4 newborns with anemia of
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prematurity (minimum hematocrit value in the first two weeks of
life of 89 (65-117) g/1), 1 newborn with anemia that developed on
the 6th day of life (minimum hematocrit of 133 g/l) and 1 newborn
with mild anemia (minimum hematocrit of 87 g/l on the 42nd day
of life, after drainage of the neck lymphangioma cyst). Five
newborns required red blood cell transfusions. Hemorrhagic
disorders, including intraventricular (n=7), pulmonary (n=2),
gastrointestinal (n=4), adrenal (n=1), subcutaneous (n=3),
hemorrhagic stroke (n=1) disorders, and simultaneous gastric,
pulmonary and subcutaneous bleeding (n = 1), were recorded in
19 newborns. We included one newborn with minor subcuta-
neous hemorrhage in the group of healthy newborns. No major
thrombotic complications were observed before discharge.
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In some cases, blood collection from the umbilical cord or from
the newborn was not possible, or a clot was found in the blood
sample (Fig. 1).

187 newborns included

25 excluded
for sample
inadequacy

27 excluded
for sample
inadequacy

162 umbilical cord blood
samples obtained

160 newborns blood
samples obtained

142 term newborns

92 healthy newborns

20 preterm newborns

137 term newborns
86 healthy newborns
23 preterm newborns

Comparison of newborn coagulation assay parameters and
the adult reference range

As the presence of the disease or gestational age could affect both
hemostasis and the differences between umbilical cord blood and
newborn blood, in addition to comparing coagulation parameters
in the whole cohort of newborns, we separately analyzed 1)
healthy full-term newborns, 2) full-term newborns with complica-
tions, and 3) preterm newborns.

First, we compared the parameters of hemostasis tests in
newborns with the reference values for adults. We observed a
prolongation of APTT and decreases in prothrombin and
fibrinogen concentrations in both umbilical cord and newborn
blood compared to the adult reference range (Fig. 2a-c). The
neonatal D-dimer concentration in both the umbilical cord and
newborn blood was higher than the adult reference range
(Fig. 2d).

Relative to the adult reference ranges, the thromboelastometry

137 paired umbilical cord-
newborns samples

|

121 term newborns
79 healthy newborns
16 preterm newborns

Fig. 1 Study flowchart. Study design.

parameters CT, CFT and a were shifted to hypocoagulation in
umbilical cord blood (Fig. 2e-g). The same parameters in the
blood of newborns were within the reference range. The MCF was
within the reference range for both cord blood and newborn
blood (Fig. 2h).

Tiag and D in the thrombodynamics assay were within the
adult reference range for both cord blood and newborn
blood (Fig. 2i, Table 2). V and V; were significantly higher than
the reference range for both cord blood and newborn blood
(Fig. 2j). The spontaneous clotting time was shorter than the
reference range for both cord blood and newborn blood
(Fig. 2k).

Standard coagulation assays
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Fig. 2 Standard and global coagulation assays in the cord and peripheral blood of newborns. Standard assays: a - APTT (the number of
umbilical cord-newborn pairs, n=117), b - prothrombin (n=118), ¢ - fibrinogen (n=117), d - D-dimer (n = 130). Thromboelastometry
(NATEM test): e = CT (n=137), f - CFT (n =137), g - a (n = 137), h - MCF (n = 137). Thrombodynamics: i -Tj,q (1=134),j -V (n=94), k - T,
(n=99), | - percentage of samples with spontaneous clots (n = 134). The box plots indicate the following parameters: the mean value (the dot
inside the box), the median (the horizontal line inside the box), and the 25th and 75th percentiles (the bottom and top of the box,
respectively). The shaded area indicates the reference range. For p values, the paired sample Wilcoxon signed rank test was used; for p* values,

the F test was used.
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Table 2. Hemostatic profile in paired umbilical cord and newborn venous blood samples.

Assay

APTT (sec)

Prothrombin (%)

Fg (g9/1)

D-dimer (ng/ml)

Adult
reference

20-38

77-125

1.7-3.7

0-450

Thromboelastometry (NATEM test)

CT (sec)

CFT (sec)

a ()

MCF (mm)

Thrombodynamics

Tiag (Min)

V; (um/min)

V (um/min)

D (10% a.u.)

Pediatric Research

575-890

165-430

32-60

39-65

0.6-1.5

38-56

20-29

15-32

Parameters

n
Cord blood

Newborn
blood

n
Cord blood

Newborn
blood

n
Cord blood

Newborn
blood

n
Cord blood

Newborn
blood

n
Cord blood

Newborn
blood

n
Cord blood

Newborn
blood

n
Cord blood

Newborn
blood

n
Cord blood

Newborn
blood

n
Cord blood

Newborn
blood

n
Cord blood

Newborn
blood

n
Cord blood

Newborn
blood

n
Cord blood

Newborn
blood

All newborns

117
51.2 (43.4-58.8)

46.7
(41.2-54.8)

118
63 (59-68)
67 (61-75)""

117
1.63 (1.48-1.77)

1.72
(1.54-1.90)

130
416 (316-613)

1363
(769-4669

=
137
534 (385-708)

738 o
(559-849)

137
177 (116-240)

247
(165-326)

137
57 (50-68)
48 (41-59)""

137
53 (49-57)
51 (45-56)""

134
0.8 (0.7-0.9)
0.8 (0.7-0.9)

106
71 (69-77)
69 (65-72)""

94
55 (44-66)
45 (38-63)"

134
18.4 (16.0-20.6)
18.3 (16.1-20.4)

Healthy term
newborns (group
1)

65
51.4 (43.9-59.3)
47.7 (41.9-53.7)"

66
63 (58-67)
67 (60-74)""

66
1.63 (1.50-1.72)
1.74 (1.57-1.85)""

76
401 (308-541)

1567
(777-5665)

79
563 (416-737)
750 (589-844)""

79
180 (131-243)
259 (195-330)""

79
57 (49-65)
48 (40-56)""

79
52 (49-56)
51 (45-56)"

78
0.8 (0.7-0.9)
0.8 (0.7-0.9)

65
71 (69-78)
68 (65-71)""

56
53 (42-64)
43 (39-59)"

76
18.7 (16.0-20.5)
18.3 (16.7-20.2)

Term newborns with
clinical complications
(group 2)

40

50.0 (43.3-55.7)

443 (39.2-49.9)™"

40
64 (59-71)
68 (61-76)""

39
1.64 (1.47-1.84)
1.63 (1.54-1.91)

38
409 (305-614)
1172 (755-2736)""

42
513 (303-718)
692 (478-888)"

42
179 (101-255)
195 (135-326)

42
57 (49-71)
56 (40-65)"

42
54 (51-59)
53 (46-59)"

39
0.8 (0.7-0.9)
0.9 (0.8-1.0)"

29
71 (67-74)
69 (65-73)"

27
51 (45-59)
52 (36-65)

39
17.7 (15.8-20.3)
17.6 (15.4-20.5)

Preterm
newborns
(group 3)

12

54.7 (41.1-59.0)

57.1
(47.8-60.8)"**

12
62 (58-67)
61 (57-74)F

12
1.70 (1.41-1.86)
1.68 (1.36-1.98)

16
480 (373-1279)°

2090 -
(585-4224)

16
453 (293-568)°
721 (566-861)"

16
133 (93-202)
216 (160-314)"

16
63 (52-71)
53 (41-60)"

16
54 (45-61)
49 (42-59)

1
0.8 (0.8-1.0)
0.8 (0.7-0.9)

12
76 (73-78)°
72 (69-80)*

11
69 (56-72)%°
45 (38-71)

11
17.7 (16.5-21.6)
20.0 (16.7-23.0)
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Table 2. continued
Assay Adult Parameters All newborns
reference
Tsp (Min) >30 n 929
Cord blood 104 (5.5-14.9)
Newborn 17.6
blood (9.5-22.3)
Samples with 0 n 134
Tsp <30 min (%) Cord blood 94
Newborn 78"
blood

Healthy term Term newborns with Preterm
newborns (group clinical complications newborns

1) (group 2) (group 3)

56 28 15

11.9 (6.5-17.5) 11.2 (5.3-15.6) 9.2 (4.5-11.7)
186 (10.5-22.5""  13.8 (7.7-20.3) 16.2 (6.9-24.1)"
77 39 11

94 93 100

78™ 75" 89

The data are presented as the number of pairs (n) and the median value (25-75% range) for umbilical cord blood and newborn blood.

Significantly different from cord blood, *p < 0.05, **p < 0.01, ***p < 0.001, Wilcoxon's paired signed-rank test; significantly different from healthy newborn
blood, *p < 0.05, ¥*p <0.001, Mann-Whitney test or Fisher’s exact test for comparison of categorical data; significantly different from healthy newborn cord
blood, 5p < 0.05, %5p < 0.01, Mann-Whitney test or Fisher’s exact test for comparison of categorical data.

APTT activated partial thromboplastin time, Fg fibrinogen concentration, CT clotting time, CFT clot formation time, a angle, MCF maximum clot firmness, Tj,q lag
time, V; initial rate of clot growth, V rate of clot growth, D density of the clot, T, spontaneous clotting time.

Comparison of coagulation assays in newborn and cord blood
We compared the hemostasis tests for all umbilical cord-newborn
pairs included in the study, as well as separately for the groups.
APTT was significantly longer in umbilical cord blood than in
newborn blood in the whole cohort of patients (Fig. 2a), as well as
in the groups of term newborns (groups 1 and 2); no significant
changes were recorded for preterm newborns (group 3) (Table 2).
There was a correlation between APTT in umbilical cord blood and
that in newborn blood (RSpearman = 0.701, p < 0.001). Compared
with that in newborn blood, prothrombin levels in umbilical cord
blood were significantly lower in the whole population (Fig. 2b)
and in groups 1 and 2. No significant changes were recorded in
group 3 (Table 2). There was a correlation between prothrombin in
umbilical cord blood and that in infant blood (RSpearman = 0.738,
p <0.001). The fibrinogen concentration was significantly lower in
the umbilical cord blood than in the blood of newborns in the
whole population (Fig. 2c) and in the group of healthy term
newborns but not in groups 2 and 3 (Table 2). There was a
correlation between the fibrinogen concentration in umbilical
cord blood and that in newborn blood (RSpearman =0.653,
p <0.001). The concentration of D-dimer was significantly higher
in the peripheral blood than in the cord blood in the whole cohort
of patients (Fig. 2d) as well as in each group (Table 2). No
correlation was found between the D-dimer value in umbilical
cord blood and that in infant blood.

All thromboelastometry parameters reflected a hypercoagulable
shift in umbilical cord blood compared to newborn blood for the
whole patient cohort (Fig. 2e-h) and for individual groups
(Table 2). No correlation was found between thromboelastometry
parameters in umbilical cord blood and those in newborn blood.

The thrombodynamics parameter T,,4 did not differ significantly
between umbilical cord blood and infant blood for the whole
cohort (Fig. 2i); only slight shortening of Tj,q in cord blood was
observed in group 2 (Table 2). V and V; were significantly higher,
indicating hypercoagulable changes, in umbilical cord blood than
in newborn blood for the whole cohort (Fig. 3j) and groups 1 and
2 (Table 2). D did not differ significantly in umbilical cord blood or
newborn blood among the groups (Table 2). Ty in cord blood was
significantly shorter than that in newborn blood in the whole
cohort (Fig. 2k) and in groups 1 and 3 (Table 2). The percentage of
samples with spontaneous clots was also significantly higher in
cord blood (Fig. 2l). With the exception of parameter D, which is
associated with the fibrinogen concentration,®’ there was no
correlation regarding thrombodynamics parameters between
umbilical cord blood and newborn blood (RSpearman = 0.641,
p <0.001).
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Next, we compared the hemostasis parameters of healthy term
newborns with the same parameters with term newborns with
various clinical complications (Table 1). There were no differences
in any of the hemostasis tests in either cord blood or newborn
blood (Table 2).

We also compared the parameters of hemostasis tests in
healthy term newborns with the same parameters as those of
preterm newborns. Compared with those of healthy term new-
borns, we detected the following differences in the blood of
preterm newborns: prolonged APTT, decreased prothrombin, and
increased Vi in the thrombodynamics assay (Table 2). In umbilical
cord blood, the D-dimer concentration was increased, the CT in
the thromboelastometry assay was decreased, and V in the
thrombodynamics assay was increased in preterm newborns
compared with healthy term newborns (Table 2). The other
parameters did not differ significantly.

Sensitivity of coagulation tests to infection and hemorrhage
In total, 14 newborns had an infection (11 had congenital
pneumonia, and 3 had infection specific to the perinatal period).
This group had a significantly lower gestational age than the other
group (median (25-75%): 36 (32-38) vs. 38 (37-39) weeks,
p=0.028) and newborn weight (2510 (1660-3428) vs. 3236
(2890-3480) g, p =0.025). We compared hemostasis parameters
in newborns with infection with those in all other newborns and
revealed a prolonged APTT (56 (46-61) vs. 51 (44-57) sec,
p=0.011) and an increase in the V; in the thrombodynamics assay
(72 (70-75) vs. 69 (65-72) um/min, p =0.007) in the newborn
blood. Additionally, the D-dimer concentration increased (1264
(999-3505) vs. 1430 (772-4649) ng/ml, p =0.036), and V; and V in
the thrombodynamics assay were increased (82 (76-90) vs. 71
(69-76) pum/min, p =0.004; 81 (72-92) vs. 53 (43-62) pum/min,
p <0.001) in the umbilical cord blood. It is likely that these
differences are predominantly related to gestational age since
these parameters were also different in groups 1 and 3. Thus,
comparison of APTT between preterm newborns with infection
(n = 6) and those without infection (n = 9) revealed no significant
effect of infection (63 (55-70) vs. 57 (57-60) sec, p = 0.345).
There were a total of 19 patients with hemorrhage. This group
had a significantly lower gestational age (33 (32-38) vs. 38 (38-39)
weeks, p <0.001) and newborn weight (2020 (1240-3270) vs. 3248
(2910-3495) g, p <0.001) than the other patients. We compared
the hemostasis parameters of the newborns with hemorrhages
with those of all other newborns and found a prolonged APTT in
the newborn blood (57 (44-65) vs. 48 (41-55) sec, p = 0.034); there
were no significant differences in the other parameters. When we
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Fig. 3 Standard and global coagulation assays in the cord and peripheral blood of newborns were performed with/without the addition
of CTI to the blood collection tube. Thromboelastometry (NATEM test): a — CT (the number of umbilical cord-newborn pairs n=11), b - CFT
(n=11), c - a (n=11), d = MCF (n = 11). Thrombodynamics: e -Tj,g (1 =12), f - V (n=10), g - T5, (1 =9), h - percentage of samples with
spontaneous clots (n=12). The box plots indicate the following parameters: the mean value (the dot inside the box), the median (the
horizontal line inside the box), and the 25th and 75th percentiles (the bottom and top of the box, respectively). The shaded area indicates the
reference range. For p values, the paired sample Wilcoxon signed rank test was used; for p* values, the F test was used.

compared the APTT of the preterm newborns with hemorrhage
(n=11) with that of the newborns without hemorrhage (n =17),
we found that hemorrhage did not have a significant effect (61
(57-68) vs. 57 (55-60) sec, p = 0.480).

Effect of blood sampling in citrate tubes with CTI
Since we detected pronounced hypercoagulable changes in
umbilical cord blood compared to newborn blood using global
assays and considering their high sensitivity to the preanalytical
stage, we decided to use citrate tubes with CTI to avoid the
detected effects. Twelve newborns were included in this protocol.

We used the NATEM test in thromboelastometry; the activation
occurred after recalcification of a whole blood sample from the
walls of the cuvette, that is, by the contact pathway. Therefore, the
expected effect of CTl should be a significant inhibition of
coagulation. For example, in adult blood samples, CFT was
prolonged by 2.6+1.3 times from 210+71s to 477+135s
(n=7). CFT in cord blood was prolonged by 1.2+ 0.5 times from
240+ 1565 t0 271 +£176s (n =12, p =0.037) when CTl was added
to cord blood (Fig. 3b). MCF paradoxically but slightly increased in
blood samples with CTI (Fig. 3a-d). No other significant changes
were found. The absence of a CTl effect indicates that activation in
both umbilical cord and newborn blood samples may be due to
coagulation-activating components present directly in the blood.

There were no significant changes in thrombodynamics
parameters with the addition of CTI to either umbilical cord blood
or newborn blood (Fig. 3e-h).

We detected no difference between umbilical cord blood and
infant blood in either global assay when examining the effects of
CTl; this may be due to the small sample size.

Causes of neonatal hypercoagulation detected by

laboratory tests

To determine the cause of hypercoagulation detected by throm-
bodynamics, we added an inhibitor of FIXa (NP2) or an inhibitor of
TF (FVllai) to 12 samples of neonatal plasma (either cord or
peripheral), recalcified the plasma, and observed spontaneous
clotting within the bulk of the plasma via a thrombodynamics
analyzer (Fig. 4a).
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Addition of the FIXa inhibitor NP2 slightly prolonged T;q in
cord blood both in blood samples collected into citrate tubes
(Fig. 4b) and blood samples collected into citrate tubes with CTI
(Fig. 4c). The addition of the TF inhibitor FVllai significantly
prolonged T in both cord blood and newborn blood regardless
of the addition of CTl to the blood collection tube (Fig. 4b, c). The
effect of FVIlai was much more pronounced than the effect of NP2.
Similarly, FVllai reduced the spontaneous clotting of newborn
blood (Fig. 4d, e).

DISCUSSION

A comparative study of umbilical cord blood and newborn blood
using standard APTT and prothrombin tests revealed no
significant differences between healthy term newborns and
umbilical cord blood.>*?® Qur results showed that APTT and
prothrombin were significantly shifted toward hypocoagulation in
umbilical cord blood compared to the blood of newborns. Most
likely, these differences were associated with the preanalytical
stage, namely, blood collection, since this is the most difficult
process to standardize.3**? In addition, in our study, the detected
shift was small (the difference in the median values was 9% for
APTT and 6% for prothrombin) which is comparable to the
analytical reproducibility of these methods.>* Since there was a
correlation between umbilical cord blood and newborn blood in
terms of APTT and prothrombin, we suggest that both newborn
blood and umbilical cord blood can be used to determine APTT
and prothrombin.

Our data on the prolongation of APTT and the decrease in
prothrombin in premature newborns compared to those in term
newborns are in good agreement with the literature.?* We also
recorded prolongation of APTT in groups of newborns with
infection and with hemorrhage, but we suggest that this is
associated with a decrease in gestational age in these newborns
rather than with the pathophysiological mechanisms of throm-
bosis and hemostasis.

We found a decrease in the fibrinogen concentration in cord
blood compared to that in newborn blood, but its correlation with
the fibrinogen concentration in newborn blood also makes it
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was used.

possible to use cord blood for analysis. Our data are consistent
with that reported in the literature.?®

Our study demonstrated that the D-dimer concentration is
higher in newborns than in adults, which is consistent with reports
in the literature.”>'* An increase in the D-dimer concentration
reflected an increase in thrombus lysis. It is known that in
newborns, compared to those in adults, the concentrations of
factor XIll and prothrombin are decreased,>® which makes the clot
weaker and more susceptible to lysis. In addition, the TAFI is lower
in newborns than in adults,*® which leads to increased lysis in
newborns. This indicates that lysis in newborns should be
enhanced. Direct comparisons of the lysis process also show that
the clot is weaker in newborns and that lysis is better in newborns
than in adults.>” An increase in the D-dimer concentration with
decreasing gestational age has also been noted."” In our study, we
did not find differences in newborn blood between the term and
premature preterm groups; however, this difference was detected
in umbilical cord blood. Additionally, we found a significant
increase in the D-dimer concentration in the peripheral blood of
newborns compared to that in the umbilical cord blood, which
could be due to umbilical cord injury. We suppose that during the
first days of life, the D-dimer concentration in the blood of a
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newborn increases dramatically due to injury, and the D-dimer
concentration becomes nonindicative (i.e, does not reflect
generalized prothrombotic processes). Conversely, D-dimer from
cord blood essentially reflect the situation before birth and may
indicate pathological processes that began in utero. We detected
an increase in D-dimer in umbilical cord blood but not in
newborns with congenital infections. This finding is consistent
with the literature, which has shown that newborns with sepsis
have higher D-dimer concentrations than do newborns without
sepsis in the control group.®® Regarding the D-dimer concentra-
tion, there was no correlation between umbilical cord blood and
newborn blood.

We assume that prolongation of APTT and increases in
prothrombin, fibrinogen and D-dimer concentrations in newborn
blood compared with those in cord blood are associated with the
development of hemostatic and proinflammatory responses to
umbilical cord injury, which progress within 2 h after birth, when
blood is sampled from newborns.

Thromboelastometry, as in previous research,?® showed a shift
toward hypercoagulation in umbilical cord blood compared to
newborn blood, with a lack of correlation in parameters between
the umbilical cord and newborn blood. Adding a factor Xl
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inhibitor to the blood did not affect the test parameters, although
we used the NATEM test, in which activation occurs through the
contact pathway. This suggests that extrinsic clotting activators,
such as TF or phospholipid microvesicles, are present in both
newborn and cord blood.'?3%4% No differences in thromboelasto-
metry parameters according to gestational age were found.
Thromboelastometry showed no sensitivity to infectious or
hemorrhagic disorders.

Thrombodynamics showed increased coagulation in newborn
blood compared to that in adult blood and the presence of
spontaneous clots, which are not observed in healthy adults.’
This is consistent with previous studies.®>*? The rate of clot growth
was higher in umbilical cord blood, and spontaneous clots formed
more intensely in the umbilical cord blood than in the newborn
blood, while regarding thrombodynamics parameters, there was
no correlation observed between the umbilical cord blood and
newborn blood. In the study,*? there was no significant difference
in the thrombodynamics parameters between the umbilical cord
blood and newborn blood; however, the study used a small
sample of patients (n =12). No dependence on gestational age
was found, as in our earlier work® The addition of a contact
activation inhibitor during blood collection did not affect the test
parameters, which indicates the insignificant contribution of the
contact activation of coagulation during blood collection. Throm-
bodynamics were sensitive to infectious diseases: the initial rate of
clot growth increased in the presence of infection in both
umbilical cord blood and newborn blood. Thus, thrombodynamics
appears to be a promising test for diagnosing inflammatory
conditions in newborns.

The addition of factor IXa and TF inhibitors to plasma showed
that the formation of spontaneous clots decreases when TF is
inhibited, which indirectly confirms the assumption that signifi-
cant concentrations of TF are present in both the newborn and
cord blood, which is consistent with the literature.'>***° The
reasons for this are not entirely clear, but it may be due to a
physiological mechanism to protect the child from blood loss.
Thus, from cell culture experiments, it is known that umbilical vein
cells express more TF than saphenous vein cells*’; the placenta is
also capable of secreting microparticles with TF.**

We suggest that global assays indicate a procoagulant shift in
cord blood compared with newborn blood caused by the higher
concentration of TF in the umbilical cord due to physiological
reasons or preanalytical difficulties.

CONCLUSIONS

We detected significant differences in APTT, prothrombin and
fibrinogen concentrations between the umbilical cord blood and
peripheral blood of a newborn, and there was a correlation
between these two blood sources, which suggests that it is
possible to use either umbilical cord blood or peripheral blood for
studies using the reference range corresponding to the type of
blood. On the first day of life, it seems reasonable to use umbilical
cord blood to determine the D-dimer concentration since, in this
case, sensitivity to infectious diseases is observed. In contrast,
global hemostasis assays, thromboelastometry and thrombody-
namics showed a hypercoagulable shift in cord blood without
correlation with newborn blood; thus, only peripheral blood from
newborns should be assessed in these studies.

The data obtained in this work can be used when planning
studies of the (patho)physiological features of hemostasis in
newborns and organizing a screening study of hemostasis in
newborns.
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