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Abstract

“Developmental hemostasis™ refers to the dynamic process of gradual hemostatic maturation. Conventional coagulation tests seem to
fail to accurately depict the in vivo hemostasis, while viscoelastic tests, thromboelastography (TEG), and rotational thromboelastometry
(ROTEM) appear very promising as they provide insight more rapidly and accurately into the hemostatic potential. We systematically
reviewed the literature in PubMed to examine the use of TEG and ROTEM in neonates. Our search yielded 34 studies, of which 18
concerned healthy neonates and 16 sick neonates. These viscoelastic tests have shown accelerated initiation of coagulation, increased
clot strength, and increased fibrinolysis in healthy neonates compared to children and adults. Cord blood leads to a hypercoagulable
state as compared to whole blood when testing is performed with TEG. Pre-term neonates have a more hypocoagulable profile, but
balanced hemostasis, related to term neonates, that evolves to a more procoagulant phenotype over the first month of life. Critically ill
neonates exhibit a more hypocoagulable profile as compared to healthy neonates. TEG and ROTEM have shown predictive value for
bleeding events in critically ill neonates and neonates undergoing cardiopulmonary bypass or therapeutic hypothermia.

Conclusion: TEG and ROTEM need to become part of the standard coagulation assessment in clinical settings in which
hemostatic abnormalities are involved, as they seem to provide more rapid and accurate information regarding the hemostatic
profile of the neonates. Their predictive value for bleeding events in critically ill neonates could lead to a more targeted therapy
optimizing utilization of blood products.
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‘What is Known:

» Conventional coagulation tests seem to fail to accurately depict the in vivo hemostasis.
* TEG and ROTEM delineate more rapidly and accurately the hemostatic potential.

What is New:
* TEG and ROTEM have shown predictive value for bleeding events.

* TEG and ROTEM may lead to a more targeted transfusion therapy optimizing utilization of blood products.

Introduction

Hemostasis is one of the most blurred fields of neonatal path-
ophysiology. “Developmental hemostasis™ refers to the dy-
namic process of the gradual hemostatic maturation, that be-
gins in utero and continues until adulthood [1, 2]. The stan-
dard coagulation tests, activated partial thromboplastin time
(aPTT) and prothrombin time (PT), reflect the intrinsic and
extrinsic coagulation pathways, respectively [3]. These tests
are performed in plasma, where there are neither red blood
cells nor platelets [4]. For that reason, they cannot accurately
interpret the hemostatic mechanisms in vivo or reflect with
precision the hemostatic profile and the bleeding diathesis of
a neonate [2]. The cell-based model, which is based on the
idea that hemostasis is controlled mainly by cellular compo-
nents and not by the kinetics of the coagulation proteins, mir-
rors more accurately the hemostasis in vivo [3].
Viscoelastic tests such as thromboelastography/
thromboelastometry (TEG/ROTEM) assess the interaction of
the blood cells with coagulation proteins and, thus, reflect the
cell-based model and consequently the hemostatic profile
in vivo [2]. The provided information estimates the dynamics
of clot development, stabilization, and dissolution (Table 1)
[5]. Although viscoelastic tests have not been used in the
diagnosis and treatment of bleeding disorders in the neonatal
population, they seem promising. The published thresholds of
ROTEM parameters for the diagnosis of coagulopathy are
mainly derived from adult studies and there is no strong evi-
dence in the current literature supporting diagnostic reference
values [6]. Regarding neonates, available data are very limited
and derived from studies of neonates undergoing cardiac sur-
gery, suffering from neonatal complications such as sepsis,
intraventricular hemorrhage (IVH), and hypoxemic ischemic
encephalopathy undergoing therapeutic hypothermia [2, 7].
The main reason for the limited use of these tests in neonates
is the lack of reference ranges in this population [2].
Considering that the transfusion of blood products is not
benign, the transfusion rate must be balanced against the pos-
sible adverse events [8]. The use of these tests in transfusion
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algorithms has resulted in a reduction in blood product trans-
fusions in pediatric and adult populations [9, 10]. For exam-
ple, in patients undergoing extracorporeal membrane oxygen-
ation (ECMO), changes in ROTEM variables seem more ac-
curate in detecting changes in the anticoagulation effects of
heparin compared to standard coagulation tests [11]. In pa-
tients undergoing cardiopulmonary bypass (CPB), the visco-
elastic tests can also detect the protamine’s effects on coagu-
lation as well as differentiate them from those of heparin [12].
The aforementioned studies enhance the idea that the visco-
elastic tests can diagnose the specific coagulation impairment
and guide a more targeted therapeutic approach.

We conducted a systematic review to examine the use of
TEG and ROTEM in the neonatal population.

Methods

The methods and the results of this study were carried out
according to the Preferred Reporting Items for Systematic
reviews and Meta-Analyses statement (PRISMA) [13].

Search strategy

We conducted a systematic search to PubMed database,
until 28th January 2021, using the following specific key-
words along with their combinations: “infant,” “newborn,”
“neonate” and “thromboelastography,” “thromboelas
tometry,” “ROTEM,” “TEM,” “TEG,” “viscoelastic test.”
We evaluated these keywords through the Medical Subject
Headings (MeSH) and the final search string was
(((infant[Title/Abstract]) OR (newborn[Title/Abstract]))
OR (neonate[Title/Abstract])) AND ((((((thromb
oclastography[Title/Abstract]) OR (thromboe
lastometry[Title/Abstract])) OR (ROTEM][Title/
Abstract])) OR (TEM[Title/Abstract])) OR (TEG[Title/
Abstract])) OR (viscoelastic test[Title/Abstract])).
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Table 1

Thromboelastography (TEM) and rotational thromboelastometry (ROTEM) variables

TEG ROTEM Definition

Interpretation

R CT Time to 2 mm amplitude (sec)
K CFT Time from 2 to 20 mm amplitude (sec)
« angle o angle Angle from baseline to slope of tracing that

represents clot formation (°)
A30, A10, A15, A20, Amplitude (at a fixed time) (mm)

A60 A25, A30

MA MCF Maximal amplitude (strength) of clot (mm)
CL30, LY30, LY60
CL60 MA/ MCF (%)

Initiation of clotting, thrombin formation, start of clot
polymerization

Fibrin polymerization, stabilization of the clot with thrombocytes
and FXIII

Clot formation velocity

Affected by fibrinogen, platelet count and function, and factor
XIII

Increasing stabilization of the clot by the polymerized fibrin,
thrombocytes as well as FXIII

Percentage reductions in MA at a certain time from Reduction of clot firmness after MA/ MCF (antifibrinolytic

activity)

Abbreviations: a, alpha angle; A, amplitude; CFT, clot formation time; CL, clot lysis (TEG); CT, clotting time; K, kinetics; LY, clot lysis (ROTEM); MA,
maximum amplitude; MCF, maximum clot firmness; R, reaction time; 7EG, thromboelastography

Konstantinidi A. et al. Semin Thromb Hemost. 2019 Jul 13;45(05):449-57.[2]

Eligibility criteria

We considered all study types referring to the use of the vis-
coelastic tests TEG/TEM in the neonatal population, except
for review articles. Studies referring to other age groups or not
published in English were excluded.

Study selection and data extraction

Two reviewers (GNK and RS) independently screened the
literature search, reviewed the full text of all studies that were
considered eligible according to the inclusion criteria, and
extracted individually the studies’ data. For all studies, we
recorded the name of the first author, year of publication,
country of origin, sample size, type of blood sample, analyz-
ing method (TEG/TEM), and findings.

Data analysis

A systematic review of the studies that were regarded as eli-
gible for inclusion was performed with a qualitative analysis
and presentation of their data.

Results

Our search procedure yielded 199 studies. After duplicates
were removed, we screened the title and abstract of 186 stud-
ies, and excluded 137 of them. Subsequently 49 studies were
screened in full text for eligibility. Finally, 34 studies were
included in our systematic review (Fig. 1) [14-47].

Study characteristics

Eighteen [14-31] of the 34 studies referred to healthy neo-
nates, while the remaining 16 [32—47] to sick neonates
(Table 2). Fourteen studies [14-19, 21, 22, 24, 33, 36, 38,
42, 43] were case-control studies, 18 [20, 23, 25-32, 34, 35,
39-41, 45-47] were prospective cohort studies, and two [37,
44] were retrospective cohort studies. Eighteen studies
[14-16, 18, 22-25, 27, 28, 32, 33, 35, 36, 41, 44, 45] used
the TEG viscoelastic method and 16 [17,19-21,
,26,29,31,34,37-40,42,43,46,47] the ROTEM one. Most stud-
ies (18 out of 34) were conducted in Europe [16, 17, 20, 22,
23, 26, 28-31, 34, 36, 38, 41-43, 46, 47], 5 studies were
conducted in Asia [15, 19, 21, 27, 37], 10 studies [14, 18,
24, 25, 32, 35, 39, 40, 44, 45] in the USA regarding the
Americas, and one study [33] in South Africa.

Results from healthy neonates

Eight studies [14, 15, 17, 18, 21, 22, 25, 30] were conducted
using cord blood samples. Suzuki et al. (1976) compared TEG
results with and without urokinase, a plasminogen activator.
The TEG patterns after the addition of urokinase were char-
acteristic for consumption coagulopathy. Furthermore, their
findings showed that an increased urokinase results in a re-
markable lowering of plasminogen inhibitors al-antithrypsin
and antithrombin III compared to adults [15]. Three studies
[14, 18, 21] showed accelerated initiation of coagulation and
increased clot strength in neonates compared to children and
adults, while one study [17] showed diminished clot strength
compared to adults. One study [21] detected increased fibri-
nolysis in neonates compared to adults. One study [22] report-
ed no differences in TEG values between neonates and adults,
and one study [25] exhibited no differences in TEG values
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Fig. 1 Flow diagram of PRISMA results

among neonates born vaginally with those delivered by cesar-
ean section. Finally, Raffaeli et al. (2020) compared the TEG
results in cord blood and whole blood samples of 60 neonates.
Their results showed that cord blood leads to a procoagulant
imbalance when testing is performed with TEG, while there
are no differences in the conventional coagulation tests (PT
and aPTT) [30].

Ten studies [16, 19, 20, 23, 24, 26-29, 31] were conducted
using neonatal whole blood samples. One study [16] reported
that healthy neonates have no coagulation defects despite
prolonged conventional coagulation tests. One study [28]
showed that pre-term neonates have a more hypocoagulable
profile, but balanced hemostasis compared with term neo-
nates, that evolves to a more procoagulant phenotype over
the first month of life. One study [29] noted no differences

@ Springer

in ROTEM variables between small-for-gestational-age
(SGA) and appropriate-for-gestational-age (AGA) neonates.
One study [27] exhibited acceleration of coagulation in female
neonates and neonates delivered by cesarean section com-
pared to male neonates and neonates delivered vaginally, re-
spectively, while one study [31] showed that maternal prob-
lems during pregnancy as well as the delivery mode had no
impact on the ROTEM variables of the neonates. Two studies
[20, 24] showed accelerated coagulation in neonates com-
pared to older children, and one study [19] exhibited acceler-
ated coagulation in pre-term neonates compared to term neo-
nates along with a strong correlation between gestational age
(GA) with clotting time (CT) and clot formation time (CFT) of
the ROTEM assays. Two studies [19, 27] showed positive
correlation between GA and body weight (BW) with clot
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Type  Method Results
of

Control group

Sample size

Author (year) Country  Study design

Table 2 (continued)

@ Springer

blood

ROTEM EXTEM A5 and A10 were found to be strong predictors of

Whole

110 thrombocytopenic neonates with sepsis, suspected

Greece  Prospective

Parastatidou

hemorrhage, compared to most ROTEM variables
quantifying clot elasticity and platelet component in

thrombocytopenic critically ill neonates.
ROTEM EXTEM A10 and LI60, platelet counts, and creatinine levels

blo-
od

sepsis, or hypoxia

cohort

et al.

(2021) [46]

Whole

332 full-term and pre-term critically ill neonates.

Prospective

Greece

Sokou et al.

were identified as the most robust predictors of bleeding and

included them into a NeoBRis index.

blo-
od

cohort

(2021) [47]

Abbreviations: AGA, appropriate for gestational age; aPTT, activated partial thromboplastin time; CDH, congenital diaphragmatic hernia; CCHD, complex congenital heart disease; CPB, cardiopulmonary

bypass; ECMO, extracorporeal membrane oxygenation, GA, gestational age; /CH, intracranial hemorrhage, NeoBRis, Neonatal Bleeding Risk; PDA, patent ductus arteriosus; SGA, small for gestational age

TEG (thromoelastography): R, reaction time; K, kinetics; «, slope between R and K; MA, maximum amplitude; CL, clot lysis; CI, coagulation index, LY, lysis

ROTEM (rotational thromboelastometry): C7, clotting time; CFT, clot formation time; «, slope of tangent at 2 mm amplitude; MCF, maximal clot firmness; L/, lysis index

strength, while 4 studies [23, 24, 26, 27] showed increased
fibrinolysis as the age decreases; one study [23] compared
early pre-term neonates to moderate/late pre-term neonates,
one study [26] compared pre-term to term neonates, one study
[24] compared neonates to older children, and two of the stud-
ies [26, 27] found a negative correlation between GA and
fibrinolysis. Finally, one study [31] found strong correlation
between ROTEM variables and platelet count. In the same
arena, regarding EXTEM parameters and hematocrit values,
positive correlations were observed only for CT and CFT and
a negative correlation was confirmed for alpha angle. Finally,
hematocrit values were found to be positively correlated with
FIBTEM CT, while negative correlations were observed be-
tween hematocrit values and FIBTEM A5 and « angle.

Ten studies [16, 18, 22-25, 27, 28, 30, 33] provided refer-
ence values for the TEG parameters (Table 3), and 7 studies
[17, 19-21, 26, 29, 31] provided reference values for the
ROTEM parameters (Table 4) in the neonatal population.
The medians of TEG variables ranged for neonates <32 weeks
GA: reaction time (R): 7.6—13.8 min, kinetics (K): 4.4-4.6
min, maximum amplitude (MA): 54.7-55.3 mm, lysis in 30’
(LY30): 0.1%; for neonates 3237 weeks GA: R: 9.9-13.1
min, K: 4.7-6.7 min, MA: 51.9-55.8 mm, LY30: 0.0%; for
neonates >37 weeks GA: R: 4.8-9 min; K: 1.40-7.2 min, MA:
54.5-65.01 mm, LY30: 0.1-1.92%. The medians of ROTEM
variables ranged for pre-term neonates: EXTEM: CT: 44185
s, CFT: 64-80 s, maximum clot firmness (MCF): 57—-64 mm,
lysis index in 60" (L160): 95%, while the medians of ROTEM
variables ranged for term neonates: NATEM: CT: 355 s, CFT:
122.32's, MCF: 55.40 mm; EXTEM: CT: 41-194 s, CFT: 70—
98.4 s, MCF: 55.3-66 mm, LI30: 100%; INTEM: CT: 191 s,
CFT: 76 s, MCF: 59 mm, LI130: 100%; FIBTEM: CT: 48-53.9
s, CFT: 39.0-74 s, MCF: 11.6-17 mm, LI30: 100%.

Results from sick neonates
Neonates undergoing extracorporeal membrane oxygenation

Three cohort studies [32, 44, 45] examined the TEG values in
neonates undergoing ECMO. Stammers et al. (1995) evaluat-
ed the coagulation status of 17 neonates undergoing ECMO.
TEG profiles detected hemostatic abnormalities in 46.5% of
the cases, with platelet dysfunction being the most common
etiology. TEG profiles were normal in 73.2% instances in the
non-hemorrhagic group, and 40% in the hemorrhagic group.
They concluded that TEG may help to guided transfusion
therapy, because it provides useful information for the rapid
diagnosis of hemorrhagic risk during coagulation assessment
in neonates undergoing ECMO [32]. Phillips et al. (2020)
retrospectively reviewed 46 neonates with congenital dia-
phragmatic hernia (CDH) supported by ECMO during
2008-2018. They assessed the blood product administration,
TEG data, and hemorrhagic and thrombotic complications
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data. They concluded that institutional standardization of
anticoagulation management of CDH neonates supported by
ECMO including the use of TEG monitoring might lead to
improvement of blood product treatment and decrease in
bleeding complications in these neonates [44]. Snyder et al.
(2020) evaluated the relationship of bivalirudin dose
(anticoagulation therapy) to aPTT and TEG-R monitoring as-
says in 42 neonates with CDH undergoing ECMO. The results
did not show dose-response relationships between bivalirudin
and aPTT or TEG-R, although gradually increasing doses
were needed to maintain therapeutic anticoagulation [45].

Neonates with congenital heart disease

Three cohort studies [34, 37, 41] tried to delineate as well as to
examine the predictive value of the viscoelastic profile of ne-
onates with congenital heart disease (CHD). Haizinger et al.
(2006) compared rotational thromboelastography (ROTEG,
former ROTEM) samples from 24 infants scheduled for minor
surgical procedures with samples from 35 children with CHD
scheduled for cardiopulmonary bypass (CPB). Their results
showed that CT was prolonged and maximum clot firmness
(MCF) reduced in CHD infants and varied widely, mainly in
the neonatal group [34]. Kim et al. (2016) retrospectively ex-
amined the ROTEM data of 413 children with CHD and
showed that the ROTEM pattern of these patients is similar
to healthy children [37]. Ghirardello et al. (2020) conducted
TEG to 151 very low birth weight (VLBW) neonates with
patent ductus arteriosus (PDA). Their results showed that
TEG does not predict spontanecous PDA closure in VLBW
neonates. Moreover, they showed that fibrinolysis is enhanced
in non-responders to PDA treatment [41].

Neonates undergoing cardiopulmonary bypass

Two prospective cohort studies [39, 40] were conducted on
neonates undergoing CPB. Peterson et al. (2018) examined
samples from 44 neonates before and after CPB in order to
assess the heparine-protamine balance, using calibrated auto-
mated thrombography, thrombin-initiated fibrin clot kinetic
assay (TFCK), aPTT, anti-FXa activity, and ROTEM.
Sixteen neonates had excessive post-operative bleeding. The
aPTT correlated significantly to TFCK, while anti-FXa and
ROTEM assays were less correlative with aPTT. The aPTT
had a stronger correlation with TFCK probably due to the
similar measurement of fibrin formation as the endpoint for
both assays. None of the coagulation tests could predict the
post-operative bleeding [39]. Scott et al. (2018) investigated
blood samples using ROTEM from 44 neonates before, dur-
ing, and after CPB, as well as post-operatively in order to
assess perioperative hemostatic profiles in neonates transfused
with platelet and cryoprecipitate during CPB. Their results
showed that platelet count and EXTEM A10 decreased

significantly during CPB and increased significantly after
CPB, while post-operative values were not significantly dif-
ferent from those before CPB. Moreover, EXTEM A10 >
46.5 mm and PLTEM A10 > 37.5 mm could outstandingly
predict platelet count > 100 x 10°/mL, and they were excel-
lently associated with platelet count. Finally, fibrinogen con-
centration and FIBTEM A10 decreased significantly during
CPB and normalized after cryoprecipitate transfusion.
FIBTEM A10 > 9.5 mm was found to excellently predict
fibrinogen >200 mg/dL, but it was less associated with fibrin-
ogen concentration. Their findings supported that ROTEM
during CPB is sensitive and specific for thrombocytopenia
and hypofibrinogenemia [40].

Neonates undergoing therapeutic hypothermia

One study [35] examined the effects of cooling on the coagu-
lation enzyme cascade using TEG. Forman et al. (2014) per-
formed TEG in 24 encephalopathic neonates treated with sys-
temic hypothermia. TEG parameters differed significantly be-
tween assays conducted at 37.0 versus 33.5 °C, indicating
impaired coagulation at 33.5 °C. Their results also showed
that K, o angle, MA, and coagulation index (CI) were signif-
icantly associated with clinical bleeding, pointing out that
TEG is predictive of clinical bleeding in newborns undergoing
hypothermia.

Neonates with intracranial hemorrhage

One study [36] outlined the TEG profiles of pre-term neonates
with and without intracranial hemorrhage (ICH). Radicioni
et al. (2015) conducted TEG and conventional coagulation
tests in 49 pre-mature neonates, 19 of which developed ICH.
Their results showed shorter R and K in the ICH group,
pointing out a hypercoagulable state in those neonates. They
also found a moderate positive correlation between clot lysis
time (CLT) and GA.

Critically ill neonates

Six studies [33, 38,42, 43, 46, 47] were conducted in critically
ill neonates. Grant et al. (1997) performed TEG to 12 neonatal
surgical cases with sepsis, 15 neonatal surgical cases with
early sepsis, and 16 neonatal non-septic surgical cases. TEG
abnormalities were found in septic and early septic neonates
(mainly hypocoagulability). The TEG was shown to have a
96% sensitivity and a 96% specificity for sepsis [33]. Sokou
et al. (2017) performed EXTEM ROTEM assay in 35 neo-
nates with confirmed sepsis and 56 neonates with suspected
sepsis, while their control group consisted of 275 healthy ne-
onates. Their results showed that septic neonates had signifi-
cantly prolonged EXTEM CT and CFT, and reduced MCEF,
compared to neonates with suspected sepsis and healthy ones.

@ Springer
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EXTEM CT, CFT, and MCF revealed a more severe
hypocoagulable profile in septic neonates with bleeding diath-
esis than the other two groups. Finally, EXTEM CFT was
correlated with platelet count, Score for Neonatal Acute
Physiology with Perinatal extension (SNAPPE), Tollner
score, and day of full enteral feeding. Their findings supported
that EXTEM parameters could predict sepsis in neonates, as
well as its severity [38]. Lampridou M. et al. (2020) performed
EXTEM and APTEM ROTEM assays in 44 neonates with
confirmed sepsis and 22 neonates with suspected sepsis, while
their control group consisted of 110 healthy neonates, in order
to delineate the fibrinolytic profile in neonatal sepsis. Their
findings, based on ROTEM fibrinolytic parameters [maxi-
mum lysis (ML) and lysis index at 60 min (LI60)], showed a
more frequent fibrinolysis shutdown in septic neonates, but it
could not effectively discriminate them from the other groups,
or predict their clinical outcome [43]. Konstantinidi et al.
(2020) performed EXTEM ROTEM assay in 16 neonates
with perinatal asphyxia and 148 neonates with fetal distress,
while their control group consisted of 273 healthy neonates.
Their results showed that hypoxic neonates had prolonged CT
and CFT and reduced A10, « angle, and MCF, indicating a
hypocoagulable EXTEM profile, compared to healthy neo-
nates [42]. Parastatidou S. et al. (2021) performed EXTEM
and FIBTEM ROTEM assays, including maximum clot elas-
ticity (MCE), platelet-specific TEM (PLTEM) MCE, and
PLTEM MCEF, in 110 thrombocytopenic neonates with sepsis,
suspected sepsis, or hypoxia, in order to investigate their pre-
dictive power for bleeding events in thrombocytopenic criti-
cally ill neonates. Their results showed that thrombocytopenic
critically ill neonates with bleeding events had significantly
lower PLTEM MCE and PLTEM MCEF values compared to
those without bleeding events. Platelet count was found to be
strongly positively correlated with EXTEM A5 and A10,
while EXTEM A10 was found to be the more predictive pa-
rameter for bleeding events, with a value < 37 mm as the
optimal cut-off point [46]. Sokou et al. (2021) confirmed the
predictive value of EXTEM A10 in critically ill neonates for
bleeding events in the first 24 h of life and managed to show
that EXTEM LI60 is also a strong predictor. They performed
EXTEM ROTEM assay in 332 full-term and pre-term criti-
cally ill neonates—16 neonates with perinatal asphyxia, 151
neonates with fetal distress, 121 neonates with sepsis, and 46
neonates with suspected sepsis. Apart from the above correla-
tions, they managed to develop a multivariable prediction
model for the first 24 h bleeding risk (NeoBRis) in critically
ill neonates [47].

Discussion

Neonates have a hemostatic deficit negatively correlated with
GA, BW, and the maturity of the liver function. Despite this

@ Springer

“immaturity,” the neonatal hemostatic system is perfectly func-
tionally balanced, as healthy neonates do not have any bleed-
ing or thrombotic diathesis [48]. Studies that used TEG and
ROTEM showed that the GA is positively correlated with ac-
celerated coagulation, clot formation time, and clot strength,
and negatively correlated with fibrinolysis [19, 23, 24, 26-28].

Four studies [17-19, 21] showed that neonates have accel-
erated coagulation and clot formation time, but poorer clot
strength and higher fibrinolytic activity compared to older
children and adults. The shorter coagulation time in neonates
might be attributed to the increased levels of procoagulant
factors, such as fibrinogen, factor V, factor VIII, and von
Willebrand factor (vWF) as compared to adults [1, 49]. The
diminished clot strength in neonates is probably on account of
the impaired polymerization properties of the neonatal fibrin,
partially because of the elevated levels of fibrinogen-bound
sialic acid [50]. The increased fibrinolytic activity in neonates
might be due to the increased tissue-plasminogen activator (t-
PA) levels and the reduced levels of the fibrinolysis inhibitors
plasminogen activator inhibitor (PAI) and x2-antiplasmin,
compared to adults [51].

Two studies [16, 22] showed no differences in TEG vari-
ables between neonates and adults. Kettner et al. (2008) used
heparinase-modified TEG in neonates previously treated with
vitamin K and blood products, making the results biased [16].
Mirabella et al. (2017) used kaolin-activated TEG, pointing
out that the activator of the TEG assay should be considered
when interpreting the TEG results, and that there are no dif-
ferences between neonates and adults as far as kaolin-
activated TEG variables is concerned [22].

Despite the fact that 17 studies [16-31, 33] have provided
reference ranges for TEG/ ROTEM variables, we must not
neglect that viscoelastic tests, and coagulation testing in gen-
eral, may be affected by pre-analytical factors, including sam-
pling and sample handling, as well as operator-to-operator
variability. The Perinatal and Pediatric Hemostasis
Subcommittee of the International Society on Thrombosis
and Hemostasis (ISTH) published consensus recommenda-
tions for hemostasis tests in children, suggesting that all labo-
ratories and units should establish age-, analyzer-, and
reagent-appropriate reference ranges [52]. Because of the dif-
ficulty in obtaining “universal” reference ranges, it is very
important to obtain institutional reference ranges for every
intensive care unit using viscoelastic tests.

It seems that viscoelastic tests could be used for a more rapid
estimation of the bleeding diathesis in sick neonates. Four stud-
ies [35, 40, 46, 47] tried to point out the predictive ability of
TEG and ROTEM regarding bleeding events in sick neonates.

Neonates undergoing CPB are at increased risk for bleed-
ing events due to their immature coagulation system, the sig-
nificant hemodilution from the CPB prime, the long operative
times at low temperatures, and the extensive suture lines [53].
Scott et al. (2018) showed that EXTEM A10 can predict
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thrombocytopenia, and FIBTEM A10 can predict hypo-
fibrinogenemia in neonates undergoing CPB [40].

Hypothermia increases coagulation disturbances mainly due
to the induced decrease of the enzymatic activity involved in the
coagulation process. Below 33 °C, both enzyme activity and
platelet function are significantly reduced, while at 33 °C platelet
aggregation and adhesion, but not platelet function, are signifi-
cantly reduced compared with 37 °C [54]. Forman et al. (2014)
supported that TEG variables (K, « angle, MA, CI) can predict
bleeding events in neonates undergoing therapeutic hypothermia.
However, the authors found that although lower temperature
leads to hypocoagulability, more TEG parameters were associat-
ed with bleeding in a higher temperature [35].

Sepsis is a systematic inflammatory response to infection.
This response has been associated with activation of the co-
agulation cascade, consumption of anticoagulation factors,
and inhibited fibrinolysis [55]. Perinatal hypoxia, interruption
of fetal blood flow and impairment of gas exchange, is a
condition comprising liver and bone marrow oxygenation
leading to disturbances in neonatal hemostasis and platelet
function [56]. Parastatidou et al. (2020) showed that
EXTEM A10 is a strong predictor for bleeding events in
thrombocytopenic neonates with sepsis or hypoxia. More pre-
cisely, adjusted analysis by logistic regression revealed that
EXTEM A10 (OR = 0.88, 95% CI: 0.81-0.95, p = 0.003),
PLTEM MCE (OR = 0.90, 95% CI: 0.82-0.99, p = 0.043),
and PLTEM MCF (OR =0.96, 95% CI: 0.92-0.99, p = 0.039)
were significantly correlated with clinical bleeding. All these
ORs were close to 1, indicating that results should be
interpreted with caution [46]. Sokou et al. (2021) showed that
both EXTEM A10 and LI60 are strong predictors (3 coeffi-
cient: — 0.013, 95% CI: — 0.143, — 0.061, p < 0.001 and f3
coefficient: +0.064, 95% CI: +0.020, +0.108, p = 0.005, re-
spectively) for bleeding events in critically ill neonates and
have included them into a prediction model of hemorrhage
in this clinical setting [47].

Although the existing data are still limited, the value of
viscoelastic tests in predicting bleeding risk seems promising.
What is clear is that the viscoelastic tests can better identify a
condition of altered hemostasis than the standard coagulation
tests do, possibly contributing in optimizing transfusion treat-
ment in ill neonates [2, 10].

Conclusion

It is imperative that larger multicenter studies are performed to
establish reference ranges, as well as diagnostic and therapeu-
tic values of all TEG and ROTEM assays. The viscoelastic
tests are probably clinically useful as part of the standard co-
agulation tests, because of their more rapid and accurate esti-
mation of hemostasis. Considering that transfusions in neo-
nates are applied mostly prophylactic, and that they have been

proved cost ineffective and associated with complications,
TEG/ROTEM needs to be evaluated in the context of transfu-
sion algorithms as they seem to have the potential to optimize
blood utilization.
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30 min; LY60, Lysis in 60 min; MA, Maximum amplitude; MCE,
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