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Abstract: Background: Although respiratory distress syndrome (RDS) constitutes a postnatal risk
factor for bleeding and thromboembolic events in neonates, few studies have addressed this issue. We
aimed to evaluate the hemostatic profile of neonates with RDS using rotational thromboelastometry
(ROTEM). Methods: An observational study was conducted from November 2018 to November
2020 in the NICU of General Hospital of Nikaia “Aghios Panteleimon”. Preterm and term neonates
with RDS hospitalized in the NICU were included and EXTEM (tissue factor-triggered extrinsic
pathway), INTEM (ellagic acid activated intrinsic pathway), and FIBTEM (with platelet inhibitor
cytochalasin D) assays were performed at the onset of the disease. Results: A hypocoagulable profile
was noted in neonates with RDS compared to controls, expressed as significant prolongation of
EXTEM CT (clotting time) and CFT (clot formation time), lower EXTEM A10 (amplitude at 10 min),
MCF (maximum clot firmness), and LI60 (lysis index). Furthermore, prolongation of INTEM CFT
and FIBTEM CT, and decreased INTEM and FIBTEM A10 and MCF were found in neonates with
RDS. Multivariable logistic regression analysis showed that RDS is an independent factor for the
recorded alterations in ROTEM variables. Conclusions: RDS is associated with a hypocoagulable
profile and greater hyperfibrinolytic potential compared to healthy neonates.

Keywords: respiratory distress syndrome; infant; newborn; thromboelastometry

1. Introduction

In 1959, Avery and Mead discovered that the pathophysiology of hyaline membrane
disease (HMD) involved pulmonary surfactant (PS) deficiency, and consequently, the
disease name was changed to respiratory distress syndrome (RDS) [1]. In recent years, some
authors have been referring to this syndrome as surfactant deficiency disorder (SDD) [2].
RDS is negatively correlated with gestational age (GA), with the risk for developing RDS
increasing as GA decreases [3]. While in preterm neonates RDS develops because of
reduced surfactant production, in full-term neonates it develops secondarily by surfactant
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consumption, due to either a maladaptation to the extra-uterine life, persistent pulmonary
hypertension (PPHN), or external adverse events like meconium aspiration [4].

In RDS, inflammatory mediators accumulate in the alveolar space, neutrophils pene-
trate it, and “glass” membranes are created in the alveolar space from the deposition of
fibrin, the final derivative of coagulation [5]. Apart from the activation of the inflammation
cascade, RDS is a possible trigger of a coagulative state [6,7]. Even though RDS has been
found to activate intravascular coagulation and cause abnormalities in fibrinolysis, few
studies have addressed this issue [8–11]. In microcirculation and alveolar spaces of preterm
neonates with severe RDS, fibrin deposits have been found [12]. Further, the elevated
thrombin/ antithrombin III (TAT) complexes and reduced antithrombin III (AT) activity
seen in neonates with RDS have been correlated with the severity of the disease [7]. On the
contrary, a more recent study showed that AT was not affected by RDS [13]. This may
be due to surfactant therapy, since its initiation in the 1980s, decreasing the incidence
and severity of the disease and thus altering its pathway. Currently, the “ground glass”
appearance with air bronchogram and hypo-aeration are rarely seen [14–16]. Despite the
change of the disease in the past decades, RDS remains worth exploring as a postnatal risk
factor for bleeding and thromboembolic events [17–19].

Rotational thromboelastometry (ROTEM) is a viscoelastic test that examines the dy-
namics of blood coagulation, clotting time, clot stabilization, and clot lysis [20]. Limited
studies have used ROTEM to evaluate intraoperative hemostasis and estimate the coagula-
tion profile of critically ill neonates, but no studies have been conducted in neonates with
RDS [21–26]. Taking this into consideration, we aimed to delineate the hemostatic profile
of neonates with RDS using ROTEM.

2. Materials and Methods
2.1. Study Design

We conducted an observational study at the Neonatal Intensive Care Unit (NICU)
of Nikaia General Hospital “Aghios Panteleimon”, Piraeus, Greece, over a 2-year period
(from November 2018 to November 2020). The protocol of this single-center study was
approved by the Institutional Review Board of Nikaia General Hospital (28/11/2018,
24/27), and informed consent was obtained from participants prior to recruitment.

2.2. Participants

All term and preterm hospitalized neonates who developed RDS were recruited. For
the definition of RDS, the Vermont Oxford definition for RDS in preterm neonates was
used: (a) arterial oxygen tension (PaO2) < 50 mm Hg and central cyanosis in room air,
(b) requirement for supplemental oxygen to maintain PaO2 > 50 mm Hg, or pulse oximeter
saturation > 85%, and (c) characteristic chest radiographic findings within the first 24 h of
life [27]. Regarding term neonates, various diagnostic criteria have been proposed [28–31].
We used the diagnostic criteria of Liu et al. [31]: (a) acute onset of the respiratory distress,
(b) a perinatal insult, such as birth asphyxia, perinatal hypoxia/fetal distress [32], elective
caesarean section etc., apart from early onset sepsis, (c) progressive respiratory distress
occurring shortly after birth, including characteristic grunting respiration, retractions
during inspiration, cyanosis, and reduced or absent breathing sounds, and (d) characteristic
radiographic findings in chest x-ray.

In the study, vitamin K was administered intramuscularly to neonates immediately
after birth. ROTEM was performed before surfactant administration. Neonates who
were transfused with blood products, and neonates with suspected or confirmed sepsis
were excluded.

As control group for the EXTEM (tissue factor-triggered extrinsic pathway) assay,
we used 282 previously recruited healthy neonates [33]. As control group for the INTEM
(ellagic acid activated intrinsic pathway), and FIBTEM (with platelet inhibitor cytochalasin D)
assays, we recruited 102 healthy neonates. Healthy neonates were defined based on the
EXTEM control group study [33].
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2.3. Data Synthesis

Data on demographics, maternal and pregnancy history, maternal medication during
pregnancy, prenatal administration of corticosteroid therapy, Apgar score in the first and
fifth minute of life, cord pH, first hour pH and pH on admission, laboratory results on
admission (white blood cell (WBC) count, neutrophils, hematocrit (Hct), nucleated red
blood cells (NRBC), platelet (PLT) count, C-reactive protein (CRP)), chest radiographic
findings, type and duration of ventilation and oxygen therapy, bleeding events, cerebral
ultrasonographic findings, hospital stay, day of establishing full enteral feeding, and
mortality were recorded. All neonates were followed up until hospital discharge, where
brain and abdomen ultrasound scans were performed in all neonates weekly (as per our
NICU protocol) and whenever there was clinical suspicion of bleeding or thrombosis.

Downes score and SNAP-PE SCORE (Score for Neonatal Acute Physiology-Perinatal
Extension) were calculated for all recruited neonates on admission to the NICU [34–37].

ROTEM was performed for all recruited neonates using ROTEM Delta Analyzer (Tem
Innovations GmbH, Munich, Germany). Arterial blood was drawn through a peripheral
artery using a 23-gauge 0.6-mm needle and collected into a citrated tube (0.109 mol/L
trisodium citrate) by a vacutainer system and stored at room temperature until testing.
In <30 min, the citrated arterial blood was incubated for 2–5 min at 37 ◦C and was tested
using the ROTEM analyzer. EXTEM, INTEM, and FIBTEM assays were performed. In the
EXTEM assay, clot formation was induced by activation of the extrinsic coagulation path-
way using 20 µL of 0.2 M calcium chloride solution (star-TEM reagent) and 20 µL of
extrinsic activator—tissue thromboplastin (ex-TEM reagent, recombinant tissue factor and
phospholipids). After the reagents were adequately mixed, 300 µL of citrated whole blood
was added to the cup and the assay was running for at least 60 min after the completion of
clot lysis at 30 min. Accordingly, in the INTEM assay, clot formation was induced by acti-
vation of the intrinsic coagulation pathway using 20 µL of 0.2 M calcium chloride solution
(star-TEM reagent) and 20 µL of intrinsic activator [in-TEM reagent, partial thromboplas-
tin phospholipid made of rabbit brain (chloroform extract), ellagic acid]. The FIBTEM
assay consists of a modified EXTEM assay with the addition of a potent platelet inhibitor
(cytochalasin D), which blocks platelet activation, shape change, and expression and acti-
vation of glycoprotein IIbIIIa (fibrinogen) receptors. In all assays, the following variables
were measured: clotting time (CT, in seconds), exhibiting the time for the formation of a
2 mm clot in amplitude; clot formation time (CFT, in seconds), showing the time from CT
until the achievement of a clot firmness of 20 mm; amplitude at 10 min (A10, in millimeters);
maximum clot firmness (MCF, in millimeters), which is the final strength of the clot; and
lysis index in 60′ (LI60, in percentage), which is the percentage of remaining clot stability
in relation to MCF following the 60′ observation period after CT, which indicates the speed
of fibrinolysis [24].

2.4. Statistical Analysis

Descriptive statistics were used to present the baseline characteristics and laboratory
findings of the study and control groups. Absolute and proportional values for nominal
variables and means with standard deviation (SD) or median with interquartile ranges
(IQRs) were used according to the normality of the distribution for the numerical variables.
The normality of distributions was checked with the Shapiro–Wilk test. Chi-square test
was used for comparisons between categorical variables. The independent samples t-test
and the non-parametric Wilcoxon–Mann–Whitney test for two group comparisons were
used. Pearson’s r and Spearman’s rank correlation coefficients were used, according to
the normality of distribution, to assess the existence of positive or negative correlation
between Downes Score and SNAP-PE Score with ROTEM variables. Finally, to evaluate
the independent impact of coagulation profile as reflected by ROTEM parameters on
development of RDS, a multivariable logistic regression was performed with RDS as
the dependent variable, and ROTEM parameters, prematurity, gender, BW, and fetal
distress as independent variables. The regression model was run separately for each
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ROTEM parameter as a dependent parameter due to multicollinearity between the ROTEM
parameters. SPSS 26 for Windows statistical package (SPSS Inc., Chicago, IL, USA) was
used for analysis. For all tests, a p-value < 0.05 indicated statistical significance.

3. Results

Our sample consisted of 48 neonates (24 term and 24 preterm) (Median GA: 36 weeks
(IQR: 34.25–38 weeks)) that developed RDS during the study period, and were compared
with 282 healthy neonates (198 term and 84 preterm) previously recruited regarding the
EXTEM assay [33], and 102 newly recruited healthy neonates (85 term and 17 preterm)
regarding the INTEM and FIBTEM assays. General characteristics of the study and control
groups are presented in Table 1, while clinical characteristics of the study group, as well
hematological and biochemical parameters at baseline are shown in Table 2.

Table 1. General characteristics of the neonates with RDS and the control groups.

Neonates with
RDS (n = 48)

Healthy
Neonates—Group

A (n = 282)

Healthy
Neonates—Group

B (n = 102)

Neonates with
RDS vs. Group

A p-Value

Neonates with
RDS vs. Group

B p-Value

Preterm neonates

n (%) 24 (48.98) 84 (29.79) 17 (16)

GA in weeks,
Median (IQR) 35 (32.25–35.75) 34.5 (33–35) 35 (34–36) 0.636 * 0.443 *

BW in grams,
Median (IQR)

2250
(1847.5–2867.5)

2.150
(1842.5–2.440) 2300 (2190–2475) 0.202 * 0.968 *

Delivery mode
[CS, n (%)] 18 (75) 72 (85.7) 16 (94.1) 0.214 ˆ 0.207 ˆ

Gender [male, n (%)] 19 (79.2) 44 (52.4) 13 (76.5) 0.019 ˆ 1.000 ˆ

Term neonates

n (%) 24 (48.98) 198 (70.21%) 85 (80.19)

GA in weeks,
Median (IQR) 38 (38–39) 39 (37–39) 38 (38–39) 0.039 * 0.053 *

BW in grams,
Median (IQR) 3085 (2800–3415) 3.245

(2907.5–3492.5) 3250 (3000–3575) 0.245 * 0.077 *

Delivery mode
[CS, n (%)] 19 (79.2) 78 (39.4) 34 (40) <0.001 ˆ 0.001 ˆ

Gender [male, n (%)] 19 (79.2) 89 (44.9) 40 (47.1) 0.002 ˆ 0.006 ˆ

Abbreviations: BW, body weight; CS, caesarean section; GA, gestational age; IQR, interquartile range (difference between 75th and 25th
percentiles); RDS, respiratory distress syndrome. * The non-parametric Mann–Whitney U test was used. ˆ The chi–square test was used.

Table 2. Clinical characteristics of the neonates with RDS and laboratory findings at baseline (N = 48).

Clinical Characteristic Values

Twin pregnancy, n (%) 3 (6.3)

Fetal distress, n (%) 21 (43.8)

Gestational diabetes, n (%) 4 (8.3)

Preeclampsia, n (%) 4 (8.3)

Placental abruption, n (%) 4 (8.3)

IUGR, n (%) 2 (4.2)

SGA, n (%) 2 (4.2)

ELSCS, n (% of all CS) 33 (89.19)
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Table 2. Cont.

Clinical Characteristic Values

Prenatal steroids, n (%) 9 (18.4)

CHD, n (%) 3 (6.2)

Hour of life on admission, Median (IQR) 5 (5–6.75)

Ph on admission, Mean (±SD) 7.32 (0.07)

Air leak syndrome, n (%) 12 (24.6)

PO2/FiO2 (mmHg), Median (IQR) 230.4 (155.67–315)

Downes score, Mean (±SD) 2.35 (1.72)

SNAP-PE score, Mean (±SD) 5.71 (5.54)

WBC (K/µL), Mean (±SD) 17.06 (6.09)

Neu (K/µL), Mean (±SD) 11 (4.82)

NRBC (M/µL), Mean (±SD) 4.48 (0.64)

Hct (%), Mean (±SD) 45.8 (6.34)

PLT (K/µL), Mean (±SD) 260.57 (70.94)

CRP (mg/L), Median (IQR) 1.5 (0.7–2.2)

Abbreviations: CHD, congenital heart disease; CRP, c reactive protein; CS, caesarean section; ELSCS, elective
lower segment caesarean section; FiO2, fraction of inspired oxygen; Hct, Hematocrit; IQR, interquartile range
(difference between 75th and 25th percentiles); IUGR, intrauterine growth restriction; Neu, neutrophils; NRBC,
nucleated red blood cells; PLT, platelet count; PO2, partial pressure of oxygen; RDS, respiratory distress syndrome;
SD, standard deviation; SGA, small for gestational age; SNAP-PE, Score for Neonatal Acute Physiology-Perinatal
Extension; WBC, white blood cell count.

The Medians and IQRs for EXTEM, INTEM and FIBTEM parameters of the study
group, as well as those of the control groups in term and preterm neonates are shown
in Table 3. The comparison between groups exhibited significant prolonged EXTEM CT
and CFT, decreased EXTEM A10, MCF, and LI60, prolonged INTEM CFT, and decreased
INTEM A10 and MCF; prolonged FIBTEM CT, decreased FIBTEM A10 and MCF in both
term and preterm neonates with RDS in comparison to healthy neonates were found
(p-values < 0.001 except for FIBTEM CT in preterm neonates: p-value = 0.010).

Multivariable logistic regression analysis (Table 4) showed that RDS is significantly
associated with longer EXTEM CT, lower EXTEM A10, MCF, and LI60, lower INTEM A10
and MCF, lower FIBTEM A10 and MCF when adjusted for gender, prematurity, BW, and
fetal distress (p-values < 0.001).

No significant correlation was found between the Downes Score or SNAP-PE Score
and ROTEM variables (Table 5).

The clinical outcomes of neonates with RDS are presented in Table 6. IVH observed in
18 of the neonates was grade I and no correlation was found between IVH and ROTEM
parameters (Table 7). No severe bleeding events were recorded in the study population.
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Table 3. Comparison of ROTEM parameters between healthy neonates and neonates with RDS.

ROTEM Variable
EXTEM INTEM FIBTEM

Healthy Term
Neonates (N = 198)

Term Neonates
with RDS (N = 24) p-Value * Healthy Term

Neonates (N = 85)
Term Neonates

with RDS (N = 24) p-Value * Healthy Term
Neonates (N = 85)

Term Neonates
with RDS (N = 24) p-Value *

CT (sec) 41 (36–51) 63 (55–74) <0.001 202 (184–223.5) 215 (182–243) 0.268 48 (41.5–56.5) 59.5 (50.25–70.75) <0.001

CFT (sec) 58 (53–63) 122 (97–138) <0.001 75 (63.5–90.5) 89 (81–108) <0.001 263 (3.77–679)

A10 (mm) 65 (59.75–69) 44 (42–47) <0.001 54 (50–57) 48 (46–50) <0.001 14 (12–17) 9 (8–11) <0.001

MCF (sec) 66 (60–71) 53 (50–55) <0.001 59 (55–62) 53 (50–55) <0.001 16 (13–19) 10.5 (9–13) <0.001

LI60 (%) 97 (95–99) 94 (92–95) <0.001 93 (90–95) 93 (92–94) 0.963 100 100 (97–100) 0.189

Healthy preterm
neonates (N = 84)

Preterm neonates
with RDS (N = 24)

Healthy preterm
neonates (N = 17)

Preterm neonates
with RDS (N = 24)

Healthy preterm
neonates (N = 17)

Preterm neonates
with RDS (N = 24)

CT (sec) 44 (37–51) 58 (49–64) <0.001 202 (189–218) 198 (175–237) 0.980 48 (44–53) 57 (46–84.25) 0.010

CFT (sec) 57.5 (52–64.75) 101 (92–130) <0.001 58 (51–76) 82 (65–103) <0.001 118 (1.86–242)

A10 (mm) 62 (57.25–68) 45 (42–52) <0.001 58 (55–63) 47 (45–52) <0.001 17 (14–20) 10 (7–13) <0.001

MCF (sec) 64 (57.25–70.75) 51 (49–57) <0.001 62 (59–67) 53 (48–57) <0.001 19 (15–23) 11 (7.75–14) <0.001

LI60 (%) 96 (93–100) 91 (91–94) <0.001 92.5 (90.75–94.25) 92 (90–94) 0.382 100 (99–100) 100 (97.5–100) 0.948

Abbreviations: A10, clot strength at 10 min (mm); CFT, clot formation time (seconds); CT, clotting time (seconds); EXTEM, extrinsically activated TEM; FIBTEM, fibrin-based extrinsically activated TEM; INTEM,
intrinsically activated TEM; LI60, lysis index at 60 min (%); MCF, maximal clot firmness (mm); ROTEM, rotational thromboelastometry. All presented data are medians (25th–75th percentile). * The non-parametric
Mann Whitney U test was used.
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Table 4. Results of the multivariable logistic regression analysis for RDS as the dependent variable,
with ROTEM parameters, age (preterm vs. postterm), sex, BW, and perinatal hypoxia/fetal distress
as independent variables.

ROTEM Parameters OR 95% CI p-Value

EXTEM CT (sec) 1.087 1.050–1.126 <0.001

EXTEM CFT (sec) 990.825 0.000–2.603 × 10124 0.961

EXTEM A10 (mm) 0.778 0.716–0.845 <0.001

EXTEM MCF (mm) 0.866 0.818–0.916 <0.001

EXTEM LI60 (%) 0.846 0.774–0.925 <0.001

INTEM CT (sec) 0.996 0.979–1.013 0.649

INTEM CFT (sec) 1.012 0.994–1.031 0.192

INTEM A10 (mm) 0.840 0.752–0.939 0.002

INTEM MCF (mm) 0.786 0.685–0.904 <0.001

INTEM LI60 (%) 0.869 0.764–1.050 0.174

FIBTEM CT (sec) 1.002 0.995–1.009 0.550

FIBTEM CFT (sec) 0.827 0.000–1.7396 × 1034 0.996

FIBTEM A10 (mm) 0.511 0.354–0.739 <0.001

FIBTEM MCF (mm) 0.594 0.448–0.787 <0.001

FIBTEM LI60 (%) 1.067 0.912–1.248 0.420

Abbreviations: CI, confidence interval; CT, clotting time (seconds); CFT, clot formation time (seconds); A10, clot
strength at 10 min (mm); EXTEM, extrinsically activated TEM; FIBTEM, fibrin based activated TEM; INTEM,
intrinsically activated TEM; IVH, intraventricular hemorrhage; LI60, lysis index at 60 min (%); MCF, maximal clot
firmness (mm); OR, Odds ratio; RDS, respiratory distress syndrome; ROTEM, rotational thromboelastometry.

Table 5. Downes Score and SNAP-PE Score in correlation with alterations in ROTEM variables.

CT (sec) CFT (sec) A10 (mm) MCF (mm) LI60 (%)

EXTEM

Downes Score

Correlation coefficient −0.062 * −0.163 * 0.186 * 0.262 * 0.226 *

p-value 0.688 0.29 0.227 0.086 0.14

SNAP-PE Score

Correlation coefficient −0.055 * −0.261 * 0.067 * 0.036 * 0.052 *

p-value 0.714 0.077 0.654 0.811 0.727

INTEM

Downes Score

Correlation coefficient −0.024 * −0.192 * 0.155 * 0.163 * 0.053 **

p-value 0.877 0.212 0.316 0.29 0.732

SNAP-PE Score

Correlation coefficient −0.103 * −0.245 * 0.122 * 0.094 * −0.153 **

p-value 0.489 0.096 0.414 0.531 0.304

FIBTEM

Downes Score

Correlation coefficient −0.113 * 0.483 * 0.022 * 0.172 ** −0.128 **

p-value 0.466 0.517 0.888 0.264 0.409
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Table 5. Cont.

CT (sec) CFT (sec) A10 (mm) MCF (mm) LI60 (%)

FIBTEM

SNAP-PE Score

Correlation coefficient 0.074 * −0.392 * −0.048 * −0.134 0.084 **

p-value 0.623 0.442 0.749 0.376 0.575

Abbreviations: CT, clotting time (seconds); CFT, clot formation time (seconds); A10, clot strength at 10 min (mm);
EXTEM, extrinsically activated TEM; FIBTEM, fibrin based activated TEM; INTEM, intrinsically activated TEM;
LI60, lysis index at 60 min (%); MCF, maximal clot firmness (mm); ROTEM, rotational thromboelastometry;
SNAP-PE, Score for Neonatal Acute Physiology-Perinatal Extension. * The Pearson’s r correlation coefficient was
used. ** The Spearman’s rho correlation coefficient was used.

Table 6. Clinical outcomes of the neonates with RDS.

Clinical Outcome Values

IVH grade I, n (%) 18 (37.5)

Oxygenation therapy, days, Median (IQR) 4 (2–6.62)

Full enteral nutrition, days, Median (IQR) 8 (5.75–9.25)

Hospitalization days, Median (IQR) 12.5 (8.25–21)

BPD, n (%) 2 (4.2)

Death, n (%) 1 (2)

Abbreviations: BPD, bronchopulmonary dysplasia; IQR, interquartile range (difference between 75th and 25th
percentiles); IVH, intraventricular hemorrhage; RDS, respiratory distress syndrome.

Table 7. ROTEM variables in neonates with RDS in correlation to IVH.

ROTEM Variables
IVH ˆ

Neonates with IVH (n = 18) Neonates without IVH (n = 30) p-Value

EXTEM CT (sec) Median (IQR) 58 (49–64.5) 59.5 (52.75–67) 0.427 **

EXTEM CFT (sec) Median (IQR) 107 (95.5–129) 110.5 (92.5–137) 1.000 **

EXTEM A10 (mm) Mean (±SD) 45 (5.969) 46.04 (7.721) 0.233 *

EXTEM MCF (sec) Median (IQR) 50 (49–54.5) 52.5 (49.25–58.75) 0.388 **

EXTEM LI60 (%) Median (IQR) 93 (91–95) 93 (91–95) 0.894 **

INTEM CT (sec) Mean (±SD) 211.44 (34.398) 211.84 (43.066) 0.403 *

INTEM CFT (sec) Median (IQR) 84 (79.5–98.75) 96 (67–114.5) 0.454 **

INTEM A10 (mm) Mean (±SD) 47.88 (5.807) 47.88 (7.628) 0.239 *

INTEM MCF (sec) Mean (±SD) 52.81 (5.063) 53.12 (6.133) 0.514 *

INTEM LI60 (%) Median (IQR) 92.5 (90.25–94) 93 (91–94) 0.936 **

FIBTEM CT (sec) Median (IQR) 63 (51.25–82.75) 56 47.5–80.5) 0.356 **

FIBTEM CFT (sec) Median (IQR) 1.45 (1.68–490.22) 286.34 (1.68–571) 0.800 **

FIBTEM A10 (mm) Mean (±SD) 10.06 (4.389) 10.56 (3.675) 0.314 *

FIBTEM MCF (sec) Median (IQR) 9.5 (7–16.25) 11 (8–14) 0.376 **

FIBTEM LI60 (%) Median (IQR) 100 (97.25–100) 100 (98–100) 0.987 **

Abbreviations: CT, clotting time (seconds); CFT, clot formation time (seconds); A10, clot strength at 10 min (mm); EXTEM, extrinsically
activated TEM; FIBTEM, fibrin based activated TEM; INTEM, intrinsically activated TEM; IVH, intraventricular hemorrhage; LI60, lysis
index at 60 min (%); MCF, maximal clot firmness (mm); RDS, respiratory distress syndrome; ROTEM, rotational thromboelastometry.
ˆ All neonates with IVH had grade I IVH. * The independent sample t-test was used. ** The non-parametric Mann–Whitney U test was used.
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4. Discussion

In this study, we investigated the alterations of ROTEM variables in neonates with
RDS, and examined the alterations of EXTEM, INTEM, and FIBTEM assays in neonates in
comparison to healthy ones. In EXTEM, due to the extrinsic activation, initial thrombin
generation and hence initial clotting, mainly depends on the activity of the coagulation
factors VII, X, V, II, and fibrinogen. In INTEM, due to the intrinsic activation, such as
the activated partial thromboplastin time, initial thrombin generation and clot formation
depend on coagulation factors XII, XI, IX, VIII, X, V, II, and fibrinogen. Clot firmness in
INTEM assay as well as in EXTEM assay reflects both fibrin and platelet contribution to
the strength of the clot. In FIBTEM, clot formation and clot strength depend only on fibrin
formation and fibrin polymerization, as the thrombocytes are blocked [38]. Our results
showed a more hypocoagulable profile (prolongation of CT and CFT as well as decreased
A10, meaning prolonged clot formation and smaller clot size at 10 min, respectively) with
higher fibrinolytic potential (smaller LI60) in both term and preterm neonates with RDS
compared to healthy neonates.

Neonates have a hemostatic deficit compared to older children and adults, but their
hemostatic system is perfectly functionally balanced [39]. They have decreased levels of
most coagulation factors, except for fibrinogen, factor V (FV), factor VIII (FVIII), and von
Willebrand factor (vWF), compared to adults, which probably causes shorter coagulation
time [40,41]. Moreover, neonates present impaired polymerization fibrin properties, which
could cause diminished clot strength [41,42]. Finally, neonates have increased tissue-
plasminogen activator (t-PA) levels and reduced levels of plasminogen activator inhibitor
(PAI) and α2-antiplasmin, compared to adults, potentially leading to a more intense
fibrinolytic activity [41,43].

Respiratory distress syndrome is characterized by diffuse atelectasis, high permeability
due to epithelial injury, pulmonary edema, fibrin deposits forming hyaline membranes, and
finally, right to left shunting of pulmonary blood flow [7,44–46]. The fourfold increase of
epinephrine in neonates with RDS [47] can cause vasoconstriction and subsequently epithe-
lial injury, which in turn leads to platelet agglutination and the formation of thrombi [48].
The damaged cells release in the extracellular space damage-associated molecular patterns
(DAMPs), which are endogenous intracellular molecules, such as high mobility group box 1
(HMGB1), histones, purine metabolites, uric acid, and mitochondrial components [49,50].
DAMPs trigger inflammation through their detection by pattern recognition receptors
(PRRs), such as Toll-like receptors, and also they trigger the formation of thrombi by induc-
ing tissue factor expression on monocytes, elevating tissue factor procoagulant activity, and
promoting platelet aggregation [50]. Apart from the increased platelet agglutination, the
observed hypercoagulability may be the result of heparin co-factor deficiency, increased
anti-heparin platelet activity, and an increased activator or a qualitative deficiency in neona-
tal fibrinogen [51–53]. The process of RDS leads to the consumption of coagulation factors.
Firstly, FV and FVIII, as well as the platelets are depleted, followed by factors I and II.
As the clotting continues, the fibrinolytic activity increases with the production of fibrin
degradation products. The coagulation factors’ consumption and the antithrombin (AT)
effect of the fibrin degradation products, finally, lead to hypocoagulability [54].

Brus et al. [9] have found increased TAT levels in preterm neonates with severe RDS
compared to preterm neonates with mild/moderate RDS, while Yurdakok et al. [55] have
found normal TAT levels in neonates with RDS in the first hours after birth. These findings
suggest that in early stages of RDS increased clotting activity is not prominent. Moreover,
Brus et al. [9] reported increased tissue-plasminogen activator (t-PA) levels in preterm
infants with RDS in the first 6-12 h after birth, while Yurdakok et al. [55] found normal
t-PA levels, but increased plasminogen activator inhibitor (PAI) levels in preterm neonates
with RDS in their first 6 h of life. The variation in results might be due to the different
stages of the RDS, pointing out the insufficiency that exists regarding the coagulation and
fibrinolytic system in different stages of RDS. Moreover, both these studies [9,55] examined
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individual coagulation factors without being able to globally delineate the hemostatic
profile of neonates with RDS.

Our study sample consisted mainly of moderate to late preterm and term neonates with
mild/moderate RDS; the median hour of ROTEM examination was the fifth (IQR: 5–6.75)
hour of life, and we found decreased clotting and increased fibrinolytic potential in these
neonates. Our results are in accordance with the findings of Watkins et al. [56], and
Go et al. [13]. Watkins et al. [56] compared the TEG parameters of 13 neonates with res-
piratory failure to 11 healthy preterm and term neonates. While R, RK, Angle, and MA
were similar in both groups in the first hours of life, by 48 h there were significant dif-
ferences. The reported prolongation of R and RK was related to plasma clotting factors
and inhibitors, while the decrease of MA in neonates with respiratory failure was at-
tributed to the loss of platelets. In the early stages of RDS, the epithelial injury stimulates
the clotting system leading to hypercoagulability [57], but as Watkins et al. [56] showed,
the consumption of the coagulation factors leads to hypocoagulability in the course of
the disease. Our results probably depict this stage of coagulation factors’ consumption.
Go et al. [13] showed that fibrinogen is affected in neonates with RDS (p < 0.001; β: −0.141).
Fibrinogen depletion/dysfunction is also evident in neonates with RDS in our study as
shown by the lower FIBTEM A10 and MCF which tend to be utilized as a surrogate of
the plasma fibrinogen level [58]. Studies have shown that fibrinogen function is strongly
correlated with FIBTEM MCF [58–60]. Tsantes et al. [59] showed that FIBTEM analysis
can detect low fibrinogen availability/dysfunction associated with excessive bleeding in
patients undergoing surgery even, when fibrinogen levels and conventional coagulation
tests remain within reference range.

It is noteworthy that while 43.8% of the study population had fetal distress, after
adjustment for fetal distress in the logistic regression analysis, RDS was found to be an
independent factor for the same alterations in ROTEM variables as in fetal distress [24].

In our study, no correlation was found between the Downes and SNAP-PE Scores with
the ROTEM variables’ alterations, probably because the study sample consisted mainly of
neonates with mild/moderate RDS.

Finally, no correlation was found between IVH grade I and ROTEM variables’ al-
terations. Regarding the pathogenesis of IVH, coagulation disorders may amplify the
hemorrhage [61], but IVH is mostly attributed to the combined immature vasculature of the
germinal matrix, the fluctuations in cerebral blood flow (CBF), and the impaired cerebral
autoregulation in critically ill neonates [62].

Our study has certain limitations. Our sample size was small, thus limiting the possi-
bility to find significant results regarding several neonatal outcomes. Neonates <28 weeks
GA were not included, which further impeded the investigation of outcomes, such as
BPD. Another limitation is the fact that conventional coagulation tests were not performed
at the same time to correlate with ROTEM parameters, due to the practice of minimal
handling and the limited volume of residual blood. Finally, we did not have consecutive
ROTEM measurements to investigate the alterations in ROTEM variables in the course of
the disease.

5. Conclusions

Moderate/late preterm and term neonates with RDS present a hypocoagulable profile
with hyperfibrinolytic potential compared to healthy neonates. ROTEM seems a potentially
useful tool for identifying alterations regarding the hemostatic profile as well for detecting
coagulation and fibrinolysis impairment in neonates with RDS. Further cohort studies are
necessary to clarify the impact of RDS in the neonatal hemostasis as well as determine
the role of ROTEM in diagnosis and management of coagulation disorders in neonates
with RDS.
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12. Canpolat, F.E.; Yurdakök, M.; Armangil, D.; Yiğit, Ş. Mean platelet volume in neonatal respiratory distress syndrome. Pediatr. Int.
2009, 51, 314–316. [CrossRef]

13. Go, H.; Ohto, H.; Nollet, K.E.; Kashiwabara, N.; Ogasawara, K.; Chishiki, M.; Miyazaki, K.; Sato, K.; Sato, M.; Kawasa-ki, Y.; et al.
Perinatal Factors Affecting Coagulation Parameters at Birth in Preterm and Term Neo-nates: A Retrospective Cohort Study.
Am. J. Perinatol. 2019, 36, 1464–1470. [PubMed]

14. Rubarth, L.B.; Quinn, J. Respiratory Development and Respiratory Distress Syndrome. Neonatal Netw. 2015, 34, 231–238.
[CrossRef] [PubMed]

15. Halliday, H.L. History of Surfactant from 1980. Neonatology 2005, 87, 317–322. [CrossRef] [PubMed]
16. Konishi, M.; Chida, S.; Shimada, S.; Kasai, T.; Murakami, Y.; Cho, K.; Fujii, Y.; Maeta, H.; Fujiwara, T. Surfactant Re-placement

Therapy in Premature Babies with Respiratory Distress Syndrome: Factors Affecting the Response to Surfactant and Comparison
of Outcome from 1982-86 and 1987-91. Acta Paediatr. Jpn. Overseas Ed. 1992, 34, 617–630. [CrossRef] [PubMed]

17. Nowak-Göttl, U.; Duering, C.; Kempf-Bielack, B.; Sträter, R. Thromboembolic Diseases in Neonates and Children. Pathophysiol. Haemost.
Thromb. 2003, 33, 269–274. [CrossRef] [PubMed]

18. Veldman, A.; Nold, M.F.; Michel-Behnke, I. Thrombosis in the Critically Ill Neonate: Incidence, Diagnosis, and Management.
Vasc. Health Risk Manag. 2008, 4, 1337–1348. [PubMed]

http://doi.org/10.1001/archpedi.1959.02070010519001
http://doi.org/10.1016/j.rcl.2017.02.006
http://doi.org/10.1542/peds.2009-2959
http://doi.org/10.3928/19382359-20190328-01
http://doi.org/10.1056/NEJMra1608077
http://www.ncbi.nlm.nih.gov/pubmed/28792873
http://doi.org/10.1159/000014051
http://www.ncbi.nlm.nih.gov/pubmed/9742262
http://doi.org/10.1097/00001721-199401000-00003
http://doi.org/10.1203/00006450-199606000-00006
http://doi.org/10.1203/00006450-199904010-00020
http://doi.org/10.1203/00006450-198403000-00012
http://doi.org/10.1164/ajrccm/145.4_Pt_1.767
http://www.ncbi.nlm.nih.gov/pubmed/1554199
http://doi.org/10.1111/j.1442-200X.2009.02820.x
http://www.ncbi.nlm.nih.gov/pubmed/30703808
http://doi.org/10.1891/0730-0832.34.4.231
http://www.ncbi.nlm.nih.gov/pubmed/26802638
http://doi.org/10.1159/000084879
http://www.ncbi.nlm.nih.gov/pubmed/15985754
http://doi.org/10.1111/j.1442-200X.1992.tb01021.x
http://www.ncbi.nlm.nih.gov/pubmed/1285509
http://doi.org/10.1159/000083813
http://www.ncbi.nlm.nih.gov/pubmed/15692228
http://www.ncbi.nlm.nih.gov/pubmed/19337547


Diagnostics 2021, 11, 1995 12 of 13

19. Veldman, A.; Fischer, D.; Nold, M.F.; Wong, F.Y. Disseminated Intravascular Coagulation in Term and Preterm Neonates.
Semin. Thromb. Hemost. 2010, 36, 419–428. [CrossRef] [PubMed]

20. Konstantinidi, A.; Sokou, R.; Parastatidou, S.; Lampropoulou, K.; Katsaras, G.; Boutsikou, T.; Gounaris, A.K.; Tsantes, A.E.;
Iacovidou, N. Clinical Application of Thromboelastography/Thromboelastometry (TEG/TEM) in the Neonatal Population:
A Narrative Review. Semin. Thromb. Hemost. 2019, 45, 449–457. [CrossRef] [PubMed]

21. Simurda, T.; Casini, A.; Stasko, J.; Hudecek, J.; Skornova, I.; Vilar, R.; Neerman-Arbez, M.; Kubisz, P. Perioperative management
of a severe congenital hypofibrinogenemia with thrombotic phenotype. Thromb. Res. 2020, 188, 1–4. [CrossRef]

22. Sokou, R.; Piovani, D.; Konstantinidi, A.; Tsantes, A.G.; Parastatidou, S.; Lampridou, M.; Ioakeimidis, G.; Gounaris, A.;
Iacovidou, N.; Kriebardis, A.G.; et al. A Risk Score for Predicting the Incidence of Hemorrhage in Critically Ill Neonates:
Development and Validation Study. Thromb. Haemost. 2021, 121, 131–139. [CrossRef] [PubMed]

23. Lampridou, M.; Sokou, R.; Tsantes, A.G.; Theodoraki, M.; Konstantinidi, A.; Ioakeimidis, G.; Bonovas, S.; Politou, M.; Valsami, S.;
Iliodromiti, Z.; et al. ROTEM diagnostic capacity for measuring fibrinolysis in neonatal sepsis. Thromb. Res. 2020, 192, 103–108.
[CrossRef] [PubMed]

24. Konstantinidi, A.; Sokou, R.; Tsantes, A.; Parastatidou, S.; Bonovas, S.; Kouskouni, E.; Gounaris, A.K.; Tsantes, A.E.; Lacovidou, N.
Thromboelastometry Variables in Neonates with Perinatal Hypoxia. Semin. Thromb. Hemost. 2020, 46, 428–434. [CrossRef]

25. Parastatidou, S.; Sokou, R.; Tsantes, A.G.; Konstantinidi, A.; Lampridou, M.; Ioakeimidis, G.; Panagiotounakou, P.; Kyr-iakou, E.;
Kokoris, S.; Gialeraki, A.; et al. The Role of ROTEM Variables Based on Clot Elasticity and Platelet Component in Predicting
Bleeding Risk in Throm-bocytopenic Critically Ill Neonates. Eur. J. Haematol. 2021, 106, 175–183. [CrossRef] [PubMed]

26. Sokou, R.; Giallouros, G.; Konstantinidi, A.; Pantavou, K.; Nikolopoulos, G.; Bonovas, S.; Lytras, T.; Kyriakou, E.; Lambadaridis,
I.; Gounaris, A.; et al. Thromboelastometry for diagnosis of neonatal sepsis-associated coagulopathy: An observational study.
Eur. J. Nucl. Med. Mol. Imaging 2018, 177, 355–362. [CrossRef] [PubMed]

27. Gomella, T.L.; Eyal, F.G.; Bany-Mohhamed, F. (Eds.) Respiratory Distress Syndrome. In Gomella’s Neonatology; McGraw Hill:
New York, NY, USA, 2020; pp. 1043–1050.

28. Faix, R.G.; Viscardi, R.M.; DiPietro, M.A.; Nicks, J.J. Adult respiratory distress syndrome in full-term newborns. Pediatrics 1989,
83, 971–976. [PubMed]

29. Bouziri, A.; Slima, S.B.; Hamdi, A.; Menif, K.; Belhadj, S.; Khaldi, A.; Kechaou, W.; Kazdaghli, K.; Jaballah, N.B. Acute respiratory
distress syndrome in infants at term and near term about 23 cases. La Tunis. Med. 2007, 85, 874–879.

30. Liu, J. Respiratory Distress Syndrome in Full-Term Neonates. J. Neonatal Biol. 2012, S1, 36–44. [CrossRef]
31. Shi, Y.; Dong, J.-Y.; Zheng, T.; Li, J.-Y.; Lu, L.-L.; Liu, J.-J.; Liang, J.; Zhang, H.; Feng, Z.-C. Clinical characteristics, diagnosis and

management of respiratory distress syndrome in full-term neonates. Chin. Med. J. 2010, 123, 2640–2644.
32. Parer, J.T.; Livingston, E.G. What Is Fetal Distress? Am. J. Obstet. Gynecol. 1990, 162, 1421–1427. [CrossRef]
33. Sokou, R.; Foudoulaki-Paparizos, L.; Lytras, T.; Konstantinidi, A.; Theodoraki, M.; Lambadaridis, I.; Gounaris, A.; Valsami, S.;

Politou, M.; Gialeraki, A.; et al. Reference ranges of thromboelastometry in healthy full-term and pre-term neonates. Clin. Chem.
Lab. Med. 2017, 55, 1592–1597. [CrossRef] [PubMed]

34. Buch, P.M.; Makwana, A.M.; Chudasama, R.K. Usefulness of Downe Score as Clinical Assessment Tool and Bubble CPAP as
Primary Respiratory Support in Neonatal Respiratory Distress Syndrome. J. Pediatr. Sci. 2013, 5, e176.

35. Ramirez, M.N.M.; Godoy, L.E.; Barrientos, E.A. SNAP II and SNAPPE II as Predictors of Neonatal Mortality in a Pediatric
Intensive Care Unit: Does Postnatal Age Play a Role? Int. J. Pediatr. 2014, 2014, 298198. [CrossRef] [PubMed]

36. Silveira, R.D.C.; Schlabendorff, M.; Procianoy, R.S. Predictive value of SNAP and SNAP-PE for neonatal mortality. J. Pediatr. 2001,
77, 455–460. [CrossRef]

37. Narayanan, A.; Batra, P.; Faridi, M.M.A.; Harit, D. PaO2/FiO2 Ratio as Predictor of Mortality in Neonates with Meconium
Aspiration Syndrome. Am. J. Perinatol. 2019, 36, 609–614. [CrossRef]

38. Görlinger, K.; Dirkmann, D.; Hank, A.A. Rotational Thromboelastometry (ROTEM®). In Trauma Induced Coagulopathy; Moore, H.B.,
Neal, M.D., Moore, E.E., Eds.; Springer: Cham, Switzerland, 2021; pp. 270–271.

39. Revel-vilk, S. The Conundrum of Neonatal Coagulopathy. Am. Soc. Hematol. Educ. Progr. 2012, 2012, 450–454. [CrossRef]
40. Andrew, M.; Paes, B.; Milner, R.; Johnston, M.; Mitchell, L.; Tollefsen, D.M.; Castle, V.; Powers, P. Development of the Human

Coagulation System in the Healthy Premature Infant. Blood 1988, 72, 1651–1657. [CrossRef]
41. Katsaras, G.N.; Sokou, R.; Tsantes, A.G.; Piovani, D.; Bonovas, S.; Konstantinidi, A.; Ioakeimidis, G.; Parastatidou, S.;

Gialamprinou, D.; Makrogianni, A.; et al. The use of thromboelastography (TEG) and rotational thromboelastometry (ROTEM)
in neonates: A systematic review. Eur. J. Nucl. Med. Mol. Imaging 2021, 1–16. [CrossRef]

42. Francis, J.; Armstrong, D. Sialic Acid and Enzymatic Desialation of Cord Blood Fibrinogen. Pathophysiol. Haemost. Thromb. 1982,
11, 223–228. [CrossRef]

43. Pinacho, A.; Paramo, J.A.; Ezcurdia, M.; Rocha, E. Evaluation of the fibrinolytic system in full-term neonates. Int. J. Clin. Lab. Res.
1995, 25, 149–152. [CrossRef]

44. Reuter, S.; Moser, C.; Baack, M. Respiratory Distress in the Newborn. Pediatr. Rev. 2014, 35, 417–429. [CrossRef]
45. Distefano, G.; Romeo, M.G.; Betta, P.; Rodono, A.; Amato, M. Thrombomodulin Serum Levels in Ventilated Preterm Babies with

Respiratory Distress Syndrome. Eur. J. Pediatr. 1998, 157, 327–330. [CrossRef] [PubMed]
46. Boyer, C.; Ménaché, D.; Beaufils, F.; Mathieu, H. Haemostatic Disorders and Respiratory Distress in the Newborn. Intensive Care

Med. 1977, 3, 273–278. [CrossRef] [PubMed]

http://doi.org/10.1055/s-0030-1254050
http://www.ncbi.nlm.nih.gov/pubmed/20614393
http://doi.org/10.1055/s-0039-1692210
http://www.ncbi.nlm.nih.gov/pubmed/31195422
http://doi.org/10.1016/j.thromres.2020.01.024
http://doi.org/10.1055/s-0040-1715832
http://www.ncbi.nlm.nih.gov/pubmed/32838471
http://doi.org/10.1016/j.thromres.2020.05.028
http://www.ncbi.nlm.nih.gov/pubmed/32464452
http://doi.org/10.1055/s-0040-1709473
http://doi.org/10.1111/ejh.13534
http://www.ncbi.nlm.nih.gov/pubmed/33053216
http://doi.org/10.1007/s00431-017-3072-z
http://www.ncbi.nlm.nih.gov/pubmed/29255948
http://www.ncbi.nlm.nih.gov/pubmed/2657626
http://doi.org/10.4172/2167-0897.S1-e001
http://doi.org/10.1016/0002-9378(90)90901-I
http://doi.org/10.1515/cclm-2016-0931
http://www.ncbi.nlm.nih.gov/pubmed/28306521
http://doi.org/10.1155/2014/298198
http://www.ncbi.nlm.nih.gov/pubmed/24719622
http://doi.org/10.2223/JPED.343
http://doi.org/10.1055/s-0038-1672171
http://doi.org/10.1182/asheducation.V2012.1.450.3798660
http://doi.org/10.1182/blood.V72.5.1651.1651
http://doi.org/10.1007/s00431-021-04154-4
http://doi.org/10.1159/000214667
http://doi.org/10.1007/BF02592557
http://doi.org/10.1542/pir.35-10-417
http://doi.org/10.1007/s004310050821
http://www.ncbi.nlm.nih.gov/pubmed/9578971
http://doi.org/10.1007/BF01641119
http://www.ncbi.nlm.nih.gov/pubmed/73554


Diagnostics 2021, 11, 1995 13 of 13

47. Cheek, D.B.; Malinek, M.; Fraillon, J.M. Plasma adrenaline and noradrenaline in the neonatal period, and infants with respiratory
distress syndrome and placental insufficiency. Pediatrics 1963, 31, 374–381.

48. Ratnoff, O.D. Disseminated Intravascular Coagulation: An Intermediary Mechanism of Disease. JAMA 1965, 192, 175–176.
[CrossRef]

49. Chen, G.Y.; Nuñez, G. Sterile inflammation: Sensing and reacting to damage. Nat. Rev. Immunol. 2010, 10, 826–837. [CrossRef]
[PubMed]

50. Ito, T. PAMPs and DAMPs as triggers for DIC. J. Intensive Care 2014, 2, 1–9. [CrossRef]
51. Heikinheimo, R. Coagulation Studies with Fetal Blood. Neonatology 1964, 7, 319–327. [CrossRef] [PubMed]
52. De Sousa, S. Clotting factors in newborn. Biol. Neonatorum 1956, 5, 97–107.
53. Larrieu, M.J.; Soulier, J.P.; Minkowski, A. Umbilical cord blood; complete study of its coaguability, comparison with maternal

blood. Biol. Neonatorum 1952, 1, 39–60.
54. Markarian, M.; Githens, J.H.; Rosenblüt, E.; Fernandez, F.; Jackson, J.J.; Bannon, A.E.; Lindley, A.; Lubchenco, L.O.; Martorell, R.

Hypercoagulability in Premature Infants with Special Reference to the Respiratory Distress Syndrome and Hemorrhage. I. Coagulation
Studies. Biol. Neonate 1971, 17, 84–97. [CrossRef] [PubMed]
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