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Background: Viscoelastic coagulation tests provide valuable information in neonatal intensive care units (NICUs), but the lack of reference intervals still limits their decision-making power according to gestational age. The aim of the present study is to evaluate the hemostasis of a cohort of full-term (FT) and late-preterm (LP) infants using the viscoelastic coagulation monitor (VCM®) system, a new portable device that uses untreated whole blood.

Methods: An observational study was performed to identify non-coagulopathic FT and LP infants admitted to III° level NICU (January 2020 to December 2021) with a VCM test in the first 72 h of life.

Results: Forty-five patients were enrolled, 26 FT and 19 LP. No statistical differences in hemostatic parameters were observed between FT and LP nor between stable and unstable neonates. Clotting time (CT) was positive correlated with PT (p = 0.032), not with aPTT (p = 0.185). From linear regression, platelet resulted associated with: clot formation time (CTF, p = 0.003), alpha angle (Alpha, p = 0.010), amplitude at 10 (A10, p = 0.001), amplitude at 20 min (A20, p < 0.001), maximum clot firmness (MCF, p < 0.001); and fibrinogen was associated with: A10 (p = 0.008), A20 (p = 0.015) and MCF (p = 0.024). Compared to the adult reference population, neonates showed shorter CT (mean (SD): 5.3 (1.4) vs. 7.0 (0.9) min, p < 0.001), CFT (2.4 (0.7) vs. 2.8 (0.6) minutes, p < 0.001) and higher Alpha (60.8 (6.3) vs. 55 (5)°, p < 0.001). In addition, the neonatal cohort showed an early transient difference in amplitude and fibrinolysis, as follows: A10 (28.0 (5.0) vs. 26 (4) VCM units, p =0.004), A20 (34.8 (5.0) vs. 33 (4) VCM units, p =0.012), and LI30 (99.8 (0.5) vs. 99 (1)%, p <0.001).

Conclusions: The viscoelastic profile of FT and LP infants assessed with VCM showed a hemostatic competence characterized by accelerated coagulation and clot formation time, in line with other viscoelastic techniques. VCM system provides promising applications in the NICU setting.
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INTRODUCTION

Viscoelastic coagulation tests help evaluate and manage coagulation issues in neonatal intensive care units (NICUs) (1–7). While the hemostatic balance is maintained, pro- and anti-coagulant factors are reduced in newborns (8). Consequently, the alterations of conventional exams, such as prothrombin (PT) and activated partial thromboplastin time (aPTT), are not strictly related to an increased hemorrhagic risk (9–11). A viscoelastic evaluation provides a global and dynamic analysis of hemostasis, from the formation of the clot to the lysis, taking into account both plasmatic and cellular drivers of the clotting process. As the in-vivo hemostasis is thoroughly evaluated, viscoelastic tests may allow targeted trans fusional and pharmacological therapy.

Furthermore, this technique guarantees a rapid assessment with low blood volumes within short turnaround times, which is essential in an intensive neonatal setting. The main obstacle to the viscoelastic tests spreading in NICUs is establishing physiological reference ranges in neonates for the different devices. Indeed, clotting competence is dynamic, strictly connected to fetal and postnatal maturation, presenting differences according to gestational age (GA) and postnatal age (12, 13). Thromboelastography (TEG) and rotational thromboelastometry (ROTEM) are the widest known and commonly used methods in clinical practice, but currently, a novel device that uses untreated native blood, named Viscoelastic Coagulation Monitor (VCM®), is available. However, the experience in neonatology with this new application is scanty. The increase of knowledge about neonatal viscoelastic properties is key to promoting the viscoelastic tests as decision-making contributors for transfusion practices in NICUs. Hence, we designed an observational study with the primary objective of describing the VCM profile in a cohort of full-term (FT) and late preterm (LP) non-coagulopathic newborns admitted to the NICU of our center in the first 72 hours of life. Secondary objectives were to (1) study the relationship between the main VCM parameters with conventional laboratory tests; (2) investigate differences between the reference values of VCM in our cohort compared to the adult population.



MATERIALS AND METHODS

This observational study was conducted in the III° level NICU of Fondazione IRCCS Ca' Granda Ospedale Maggiore Policlinico, Milan, Italy. The study was approved by the local ethics committee (Milan Area 2, Italy) with approval number 1258_2021.


Study Population

Neonates admitted to the NICU were assessed for eligibility between January 1, 2020, and December 31, 2021, with a GA ≥34 weeks and a VCM test registered in the first 72 h of life. Newborns suffering from conditions with a potential hemostatic impact (spontaneous bleeding, perinatal asphyxia in hypothermia, early-onset sepsis, thrombocytopenia, severe anemia) were excluded from the analysis. Thrombocytopenia was defined as a platelet count <130*103/μL; severe anemia was defined as Hb <9 g/dL. All patients exposed to any blood products before the VCM test were excluded. VCM parameters, complete blood count, standard coagulation tests (PT, aPTT, and Fibrinogen), and venous pH were collected for each patient. For patients with more measurements available, only the first was considered. In addition, GA, weight, gender, obstetric, and perinatal anamnesis were recorded.



Viscoelastic Coagulation Monitor Parameters

The VCM devices and cartridges were provided for no charge by the maker (Entegrion, Inc., Durham, NC, USA) to our Unit in 2019 to be used in NICU patients. The VCM display provides live numerical and graphical visualization of seven parameters: clotting time (CT), clot formation time (CFT), Alpha angle (Alpha), amplitude at 10 and 20 min (A10, A20), maximum clot firmness (MCF), lysis index at 30 and 45 min (LI30, LI45). Figure 1 shows a normal test and highlights the graphical representation of each parameter. The reference values displayed by the device refer to a population of 180 healthy adult volunteers (14). The technical properties and the description of the analytical procedure of VCM have been comprehensively discussed in a recent publication (15). Therefore, all seven parameters were included in the analysis.


[image: Figure 1]
FIGURE 1. A typical VCM trace that shows VCM measurement parameters. CT, clotting time: the time required to reach the clot amplitude of 1% above the baseline; CFT, clot formation time: the time required to pass from 1 to 10% amplitude of the clot signal, describing the kinetics of the clot; Alpha angle: the angle between the baseline and the tangent to the curve at an amplitude of 1%, describing the kinetics of the clot; A10 & A20, amplitude at 10 and 20 min: clot amplitude measured at 10 and 20 min, describing clot firmness; MCF, maximum clot firmness: the maximum amplitude reached before the beginning of fibrinolysis, describing the firmness and quality of the clot; LI30 & LI45, lysis at 30 and 45 min: percentage clot amplitude at 30 and 45 min referred to MCF (14).




Statistical Analysis

Clinical and laboratory data were collected from the electronic patient medical charts, anonymized, and stored in a dedicated database. Data were analyzed using R statistical software, version 4.1.2 (R Foundation for Statistical Computing, Vienna, Austria). Descriptive statistics were presented for the overall population and grouped according to GA (<37 vs. ≥37 weeks of gestation) and clinical stability (patients requiring or not mechanical ventilation or vasopressor drugs). Continuous variables were described as mean (standard deviation) or median (interquartile range) depending on normality. The independent t-test and Mann-Whitney U test were used to compare VCM profiles, coagulation tests, and blood count between groups. The relationships between VCM parameters, coagulation tests, and blood count are presented using scatterplots. Considering that PT and aPTT showed a non-normal distribution, Spearman's rho coefficients were computed to study the correlation between CT and PT and CT and aPTT. Single linear regression models were used instead to study the association between (1) platelet (independent variable) and VCM parameters (dependent variables), (2) fibrinogen (independent variable), and VCM parameters. Aiming to compare VCM parameters' values in the infant population and the reference limits of the adult population, firstly, we computed the t-test between the means in the two groups. Moreover, we estimated the reference limits of our population as mean ± 1.96 SD and reported the proportion of neonates with VCM values falling outside the adult limits. All p < 0.05 were considered statistically significant.




RESULTS

We screened 164 neonates for 417 VCM assessments performed; of this cohort, 97 neonates did not meet the inclusion criteria, and 22 were excluded for conditions with a potential hemostatic impact or previous transfusions. Therefore, we enrolled 45 neonates, 26 FT, and 19 LP. The flow diagram is described in Figure 2. Demographic characteristics for the overall population are summarized in Table 1. Almost 90% of the cohort (40 out of 45) performed the VCM test as a pre-operative surgical evaluation, 21 (52.5%) in the elective regime and 19 (47.5%) in emergency conditions; 19 neonates (42.2%) required mechanical ventilation, of which 13 neonates (28.9%) required inotropes; all neonates had a balanced pH at the time of VCM test (Table 1).


[image: Figure 2]
FIGURE 2. Flow diagram. VCM, viscoelastic coagulation monitor; GA, gestational age; EOS, early-onset sepsis.



Table 1. Characteristics of the study population.
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Complete VCM profile, coagulation tests, and blood count of the population are reported in Table 2. The population presented physiological hemoglobin, hematocrit, platelet, and fibrinogen values. PT and aPTT tests showed mean values of 1.29 and 1.57, respectively (physiological upper limit in adults 1.20). No significant differences in coagulation tests and blood count between subgroups were found. Scatterplots between standard laboratory parameters and VCM parameters are shown in Figure 3. CT was significantly correlated with PT (rho = 0.34, p = 0.032) but not with aPTT (rho = 0.21, p = 0.185). Platelet values resulted negative associated with CFT (p = 0.003) and positive related with Alpha (p = 0.010), A10 (p = 0.001), A20 (p < 0.001) and MCF (p < 0.001) (Figure 4). Fibrinogen showed a linear significant association with A10 (p = 0.001), A20 (p < 0.001), MCF (p < 0.001) (Figure 5).


Table 2. VCM profiles, coagulation tests, and blood count of the neonatal population.
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FIGURE 3. Scatterplots of VCM parameters and corresponding laboratory coagulation parameters: PT and aPTT. rho, Spearman's correlation coefficient; p, p-value; PT, prothrombin time; aPTT, activated partial thromboplastin time.
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FIGURE 4. Scatterplots of VCM parameters and corresponding laboratory coagulation parameters: Platelets. Coef, linear regression coefficient; p, p-value; PLT, platelets; CFT, clotting formation time; Alpha, alpha angle; A10, amplitude at 10 min; A20 amplitude at 20 min; MCF, main clotting formation.
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FIGURE 5. Scatterplots of VCM parameters and corresponding laboratory coagulation parameters: Fibrinogen. Coef, linear regression coefficient; p, p-value; FIB, fibrinogen; CFT, clotting formation time; Alpha, alpha angle; A10, amplitude at 10 min; A20 amplitude at 20 min; MCF, main clotting formation.


In the first 72 h of life, neonates presented shorter CT and CFT, higher Alpha, A10, A20, and LI30 than healthy adults; MCF and LI45 were not different between the two populations (Table 3). The comparison between adults' reference limits and the ones computed on our population, along with the number of neonates falling below or above the adults' limits, is presented in Table 4.


Table 3. VCM profile, comparison between neonatal population and healthy adult population.
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Table 4. VCM profiles, comparison between neonatal population and adult reference limits.
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DISCUSSION

This study provides a viscoelastic profile performed with the VCM device in a cohort of non-coagulopathic FT and LP infants during the first 72 h of life. The population studied was hemostatically homogeneous as no differences in VCM parameters were found analyzing subgroups according to GA and clinical conditions. The relationship between standard hemostatic tests and the clotting time was poor, especially for aPTT (16). Despite prolonged aPTT, compared to adults, neonates need shorter times to start the clot, with more than 50% of neonates showing a CT below the lower reference limit. Accordingly, the correlation between PT and CT is not clinically usable since prolonged PT values correspond to standard or short coagulation times, as shown in Figure 3.

On the other hand, platelet values showed a significant association with CFT, Alpha, and amplitude parameters, accelerating the clot formation and, together with fibrinogen, increasing the strength of the clot. Moreover, with platelet and fibrinogen values within the physiological limits, neonates show shorter times than adults to reach a significant clot, with nearly 25% of neonates with an alpha angle above the upper reference limit. This suggests a qualitative difference between these two populations, confirming the comprehensive and not just quantitative assessment provided by viscoelastic tests. Therefore, the neonatal viscoelastic profile maintains a hemostatic competence, which is confirmed by the bleeding-free clinical course of the patients. Previous viscoelastic studies on newborns using TEG and ROTEM systems confirm our results, showing accelerated coagulation and clot formation time in healthy term newborns compared to children and adults (17–19). These findings reflect the “developmental hemostasis”, defined as the physiological ontogenetic process that leads to a mature coagulation system (20, 21). Hemostatic competence is a physiologically balanced process at all ages, but with dynamic changes in the plasma concentration of the factors involved. The coagulation system forms early during fetal growth; nevertheless, preterm infants have lower levels of pro-coagulant and anti-coagulant factors than term newborns. Their synthesis increases proportionally after the 34th week of gestation, but most do not reach adult values at birth (12). The significant vitamin K-dependent factors and contact factor deficiencies lead to the misleading alteration of PT and aPTT (22). Indeed, traditional coagulation tests neglect the simultaneous deficit of coagulation inhibitors and, consequently, have a poor correlation with the in vivo coagulation time evaluated through a viscoelastic test. Conversely, factors V, VIII, von Willebrand, platelets, and fibrinogen are already comparable to adult levels at birth, explaining the pro-coagulant CT, CFT, and Alpha (23).

Other minor differences in the parameters that reflect clot strength and clot lysis (A10, A30, and LI30) have an uncertain biological significance. Compared to adults, our patients show only temporary changes in amplitude and fibrinolysis, as the late parameters of clot strength and fibrinolysis (MCF and LI45), which are more relevant, show no differences between the two populations. The neonatal characteristics of transient platelet hyporeactivity, impaired fibrin polymerization, the reduction of tissues plasminogen activator, and increased plasminogen activator inhibitor may suggest poorer clot strength and lower fibrinolytic activity; the literature data are conflicting and require further investigations (12, 23–25).

Hence, the neonatal hemostatic profile displayed by VMC presents characteristics comparable to traditional viscoelastic tests despite having different analytical procedures and application profiles.

TEG5000® and Rotem® technology analyze the variations of a rotational force applied to an electromechanical transducer suspended in the blood sample (26). Differently, VCM detects, through an optical sensor, the variations of reciprocal movement between two surfaces of a glass capillary induced by the coagulation of the interposed blood. This method allows the use of untreated whole blood, exploiting the hemostatic activation induced by the glass surface. In addition, eliminating the activator or additive decreases the risk of pre-analytical error and reduces the blood volume needed (<500 μL).

However, these characteristics also involve some limitations. Firstly, the requirement to perform the analysis within 4 min from the blood collection. Moreover, the impossibility of evaluating the hemostatic profile with heparin neutralizers or with antifibrinolytic drugs (14). This implies, for example, the impossibility of using the VCM for the coagulation monitoring of a patient in extracorporeal membrane oxygenation (ECMO) support and, in general, to monitor the therapeutic contribution to hemostasis in anticoagulated patients. Specific thromboelastographic systems also allow coagulation assays that highlight the contribution of the different coagulation pathways, such as the ClotPro® analyzer. The main advantage of VCM, which makes it attractive for neonatology, is that it is a portable cordless device, convenient for quick and bedside analysis immediately after sampling in NICU, delivery room, or emergency departments. Of note, its compactness prevents simultaneous analysis of multiple samples.

This is the first study reporting VCM parameters in a non-coagulopathic cohort of neonates, and the results, in line with the evidence from other viscoelastic techniques, support its use in a NICU setting. However, the study's limitations that need to be considered are the size of the population, insufficient to provide proper reference intervals and its clinical heterogeneity. Inflammation affects hemostatic properties, activating a more pro-coagulant endothelial phenotype. Conversely, conditions such as respiratory distress syndrome (RDS) can induce a hypocoagulable profile (27, 28). Consequently, the standard viscoelastic profile should ideally be studied in a population without acute conditions. Neonates with elective surgical problems, which represent about 50% of our population, are the best compromise for viscoelastic study in a NICU setting, as they are clotting-competent patients routinely subjected to hemostatic evaluation. Another limitation was the inability to retrospectively establish the origin of the sampling (venous/arterial, peripheral/central). However, a recent trial on newborns evaluated with VCM has shown no significant inter-individual differences by varying the method and the blood collection site (29).



CONCLUSION

In conclusion, VCM represents a rapid and easy-to-use resource for bedside assessment of coagulopathy in NICU, useful in association with another viscoelastic device capable of simultaneously analyzing the hemostatic contribution of heparin therapy. VCM parameters in FT and LP infants appear to be comparable to the adult population's reference intervals, except for the clotting time, clotting formation time, and alpha angle, which are slightly shorter and higher, respectively, in newborns. This may suggest that longer coagulation times should be more alarming than pro-coagulant values in neonates without prothrombotic risk factors. Further clinical studies on healthy term and preterms are needed to diversify the reference intervals of VCM in the neonatal population and, eventually, to include this novel tool in neonatal transfusion algorithms.
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Limits Limits N Lower, n (%) Higher, n (%)
CT (minutes) 52-87 26-8.1 45 23(51.1) 122
CFT (minutes) 1.7-89 0939 45 5(11.1) 4(89)
ALPHA (degrees) 46-65 48.4-73.1 45 0(0.0) 11 (24.4)
A10 (VOM units) 19-33 182-37.8 45 122 7(156)
A20 (VOM units) 25-41 25.0-44.6 45 122 122
MCF (VCM units) 27-44 27.4-46.2 45 0(0.0) 2(4.4)
LI30 (%) 97-100 98.8-1000 45 0(0.0) 0(0.0)
LI45 (%) 89-100 92.0-1000 45 0(0.0) 0(0.0)

Reference limits values are calculated as mean £1.96 SD [the manufacturer's manual provides adlult reference limits (S)): Lower, infants with parameter values below the lower adlult
reference population limit; Higher, infants with parameter values above the upper adult reference population limit.





OPS/images/fped-10-910646-t002.jpg
Variable Total (N = 45) FT (V= 26) LP (N =19) P Stable (N = 26) Unstable (N = 19) p

CT (minutes) 53(1.4) 50(15) 57(1.1) 00908 53(1.2) 5.4(16) 0768
CFT (minutes) 24(0.7) 23(07) 25(08) 0.427 25(08) 23(07) 0382
Alpha (degrees) 60.8(6.9) 61.4(6.9) 59.9(6.7) 0.430 59.8(6.6) 62.1(5.8) 0233
AT0 (VCM units) 280(5.0) 286 (4.7) 272(53) 0327 276(6.1) 28.6(4.9) 0.490
A20 (VCM units) 34.8(5.0) 356(4.7) 33.6(5.3) 0.193 346(5.2) 350(4.8) 0757
MCF (VCM units) 36.8(4.8) 37.8(4.2) 355(5.3) 0.113 36.9(5.0) 36.7(4.5) 0.899
L180 (%) 99.8(0.5) 99.805) 99.7 0.4) 0624 99.8(0.4) 99.7 (0.6) 0.624
1145 (%) 967 (2.4) 969 (2.9) 966 (2.6) 0691 96.8(2.8) 96.7 (2.0) 0976
PT ratio 13[12,13) 18[1.4,13) 18[1.2,15) 0.1234 13[12,1.4) 1.83[1.2,13) 0.607A
aPTT ratio 15(1.4,1.8 1.4[1.4,1.6) 16(1.4,1.9) 0.306A 1.4[1.4,1.8 15(1.3,1.8 0.730A
Fibrinogen (mg/dL) 190 (49) 205 (86) 190 (56) 0972 193 (46) 185 (54) 0.621
Hb (g/d) 167 (3.2) 15.9 (3.3) 15.6 (3.1) 0.837 16.3(3.2) 14.8(3.1) 0.123
Het (%) 453(9.5) 457 ©.9) 45.1(9.1) 0921 47.3(9.7) 42.6(8.7) 0.101
Platelet count (10%/uL) 273(76) 281 (71) 270 89) 0802 279 (74) 265 (81) 0570

Values are expressed as mean (SD) or median QR FT, full-term infants; LF lete preterm infants; Stable, patients not requiring mechanical ventiation and vasopressor drugs; Unstable,
patients requiring mechanical ventilation and vasopressor drugs. CT, clotting time; CFT, clotting formation time; Alpha, alpha angle; A10, amplitude at 10min; A20 amplitude at 20 min;
MCF, main clotting formation; LI30, lysis index at 30min; LI45, lysis index at 45 min; P, prothrombin time; aPTT, activated partal thromboplastin time; Hb, hemoglobin; Het, hematocrit.
p-values from t-test or from AMann Whitney U test.
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Healthy adult population values have been provided by the manufacturer; A, absolute (percentage) differences between neonatal cohort and healthy adult population.

“p-values from t-test.

Neonatal population (N = 45)
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Healthy adult population (N = 180)

Mean

70
28
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26
33
36
9
96
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A %)
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