
HAL Id: hal-03924041
https://hal.science/hal-03924041

Submitted on 6 Jan 2023

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Prognostic value of an automated thrombin generation
assay in COVID-19 patients entering hospital: A

multicentric, prospective observational study
Jean-Christophe Gris, Florence Guillotin, Taissa Pereira dos Santos, Mathias
Chéa, Paul Loubet, Didier Laureillard, Albert Sotto, Laurent Muller, Saber

Davide Barbar, Claire Roger, et al.

To cite this version:
Jean-Christophe Gris, Florence Guillotin, Taissa Pereira dos Santos, Mathias Chéa, Paul Loubet,
et al.. Prognostic value of an automated thrombin generation assay in COVID-19 patients entering
hospital: A multicentric, prospective observational study. Thrombosis Research, 2023, 222, pp.85-95.
�10.1016/j.thromres.2022.12.019�. �hal-03924041�

https://hal.science/hal-03924041
https://hal.archives-ouvertes.fr


 

Prognostic value of an automated thrombin generation 

assay in COVID-19 patients entering hospital: A 

multicentric, prospective observational study 

 
 Jean-Christophe Gris a,b,c,d,*, Florence Guillotin a, Taissa Pereira dos Santos e, Mathias 

Ch´ea a, Paul Loubet f, Didier Laureillard f, Albert Sotto f, Laurent Muller g, Saber Davide 

Barbar g, Claire Roger g, Jean-Yves Lefrant g, Boris Jung h,i, Kada Klouche h,i, Thibault 

Mura e, Isabelle Qu´er´e h,i, Antonia Perez-Martin j  

a Department of Haematology, CHU Nîmes, Univ. Montpellier, Nîmes, France  

b Faculty of Pharmaceutical and Biological Sciences, Montpellier University, France  

c UMR UA11 INSERM IDESP - Montpellier University, France  

d Department of Obstetrics and Gynaecology, I.M. Sechenov First Moscow State Medical 

University, Moscow, Russian Federation  

e BESPIM, CHU Nîmes, Univ. Montpellier, Nîmes, France  

f Department of Infectious and Tropical Diseases, CHU Nîmes, Univ Montpellier, Nîmes, 

France  

g Department of Anaesthesiology, Critical Care and Emergency Medicine, CHU Nîmes, Univ 

Montpellier, Nîmes, France  

h Department of Intensive Care Medicine, Lapeyronie Hospital, CHU Montpellier, Univ. 

Montpellier, Nîmes, France 

 i Department of Vascular Medicine, CHU Montpellier, Univ. Montpellier, Nîmes, France  

j Department of Vascular Medicine, CHU Nîmes, Univ. Montpellier, Nîmes, France 

 

 

 

 * Corresponding author at: Consultations et laboratoire d’Hématologie, CHU, GHU 

Carémeau, Place du Pr. Robert Debré 30029 Nîmes cedex 9, France.  

E-mail address: jean.christophe.gris@chu-nimes.fr (J.-C. Gris). 

 

  



A B S T R A C T 

Introduction:  

The prognostic significance of the thrombin generation assay (TGA) with a thrombomodulin 

(TM) challenge in patients entering hospital with severe COVID-19 is uncertain. 

Methods:  

We prospectively evaluated an automated TGA (aTGA) using the ST-ThromboScreen® assay 

and STGenesia® analyser in 179 patients with severe COVID-19 during their admission to 2 

university hospitals. The primary outcome was early survival at Day 28 (D28). Secondary 

outcomes were late survival at Day 90 (D90), later transfer to an intensive care unit (ICU), 

and occurrence of any thrombotic complications during hospitalisation. 

Results:  

Among the 174 patients, 50 were initially admitted to ICUs. Forty-two were transferred to 

ICUs before D28. Fourteen patients, all in ICUs, died before D28, and 20 before D90, all but 

1 in ICUs. None of the aTGA derived results were associated with vital status either at D28 or 

D90. Nine patients had a thrombotic event with no association with the aTGA results. Later 

transfer to the ICU was associated with higher velocity index, thrombin peak height and 

endogenous thrombin potential (ETP) values of the aTGA performed with TM, and mainly 

with a lower TM-induced decrease in ETP (odds ratio 15.5 (2.15–132), p = 0.009). 

Conclusions:  

aTGA, a global assay supposed to evidence coagulopathy, could predict neither early or late 

survival, nor thrombotic events, in hospitalised COVID-19 patients. Its clinical justification in 

that setting is thus unlikely. A relative resistance of the ETP to TM was associated with later 

transfer to the ICU and deserves further investigation. 

 

  



 

1. Introduction 

 

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection leading to the 

coronavirus disease 2019 (COVID-19) is associated with a multifactorial coagulopathy 

related to inflammation resulting from the cytokine storm [1,2]. Excessive amounts of 

thrombin are generated with a subsequent hypercoagulability state leading to a high 

prevalence of thrombotic manifestations, many with fatal outcomes [3–5]. This quickly led 

teams managing patients hospitalised with severe COVID-19 to raise the question of the 

informativity of initially performed innovative coagulation tests describing coagulation as a 

whole on key clinical outcomes. 

Thrombin generation assay (TGA) is a global dynamic assay which measures thrombin 

generation and inhibition continuously and simultaneously [6,7]. A number of clinical uses 

have been proposed for TGA and evaluated, including for patients with viral infections and 

COVID-19 [8]. Adding purified thrombomodulin to the system reveals thrombin-mediated 

activation of the protein C system, limiting thrombin generation itself, and allows certain 

thrombotic phenotypes to be recognised [9]. The initial laboratory techniques supporting the 

use of this test were manual, making it difficult to apply to routine patient management. 

Recently, automated instruments and commercially available reagents, providing the 

normalization of thrombin generation parameters based on a reference plasma [10], have 

introduced a convenient opportunity for the individual annotation of patients. We 

prospectively studied the prognostic value of a fully automated thrombin generation assay 

(aTGA), performed among COVID-19 patients entering hospital, for predicting death and 

major clinical outcomes.  

2. Patients and methods  

2.1. Study design  

This was a multicentric, observational prospective study in severe COVID-19 patients 

entering hospital through the Emergency Departments of the University Hospitals of Nîmes, 

Montpellier, Bordeaux and Limoges, France, from April 6th, 2020 to March 29th, 2021. 

After an initial evaluation and urgent stabilisation, patients were admitted to the intensive 

care units (ICUs) dedicated to COVID-19 or to general medical wards, depending on their 

care requirements. 

 2.2. Objectives and outcomes  

The objective of the study was to evaluate the ability of the quantitative parameters 

describing the results of the automated thrombin generation assay (aTGA) used to predict 

primary and secondary outcomes. The primary outcome was the 28-day survival rate, defined 

during hospitalisation and evaluated 28 days after admission. Secondary outcomes were the 

3-month survival rate, 90 days after admission; transfer to an ICU during hospitalisation for 



patients admitted to medicine wards, and the occurrence of any thrombotic complications 

during hospitalisation.  

2.3. Study population  

2.3.1. Definition, eligibility criteria  

Suspected COVID-19 patients were screened. Patients of both sexes, aged 18 years or over, 

were evaluated for the main inclusion criteria: symptomatology / severity requiring hospital 

admission and treatment. SRAS-CoV-2 infection was assessed by real-time reverse-

transcriptase polymerase chain reaction. Consecutive positive patients who did not meet the 

exclusion criteria below, but who finally gave free informed consent and signed the consent 

form (patient or carer) and were beneficiaries of a health insurance plan, were included. The 

exclusion criteria included “impossibility to give the patient clear information, patients under 

safeguard of justice or state guardianship, pregnant or breastfeeding women, any long-term 

anticoagulant treatment, any long-term anti-platelet therapy, any symptomatic venous or 

arterial thrombotic event associated with the onset of SARS-CoV-2 infection before hospital 

admission and any inclusion in a concomitant therapeutic trial”. Also excluded from the trial 

were patients with known pre-existing haemostatic diseases including haemorragic diseases 

(thrombocytopenia, platelet function deficiency, von Willebrand’s disease, haemophilia, 

coagulation factor deficiency, hyperfibrinolysis) and thrombotic risk factors (antithrombin, 

protein C or protein S deficiency, positive F5 rs6025 or F2 rs1799963polymorphisms, 

antiphospholipid antibodies).  

All final inclusions were made within 24 h of entering the emergency department, when the 

initial, trial-specific clinical and biological assessment was made. Fig. 1 shows the flowchart 

for inclusions. The study was recorded on the ClinicalTrials.gov database under the 

reference: NCT04356950. 

 2.3.2. Sample-size estimation  

We designed our study using the hypothesis (based on previous observations) that 12 % of 

hospitalised patients would die 28 days after admission. According to this hypothesis, 175 

patients (corresponding to 21 expected deaths) had to be included in the cohort to be able to 

demonstrate a difference between non-survivors and survivors with a large size effect 

(Cohen’s D value = 0.8 corresponding to an area under the receiver operator characteristics 

ROC curve AUC = 0.71) [11] using a bilateral α risk of 5 % and a power 1-β of 90 %. 

 2.4. Laboratory investigations  

All laboratory data were produced by laboratory workers blinded to the origin of patients and 

the outcomes of the study.  

2.4.1. Blood sampling for coagulation assays and plasma preparation  

Blood was drawn at inclusion, before prescribing any antithrombotic treatment that might 

falsify the laboratory tests under study, from an antecubital vein with a light tourniquet and a 



21-G needle. The blood was collected in tubes containing 0.109 mol/L citrate (Beckton 

Dickinson SA, Le Pont de Claix, France), at a 9:1 vol:vol ratio, after discarding the first few 

millilitres for other laboratory tests. Platelet-poor plasma (PPP) was prepared by double 

centrifugation at 2500g for 15 min within 1 h of blood collection. Samples were stored (� 80 

◦C) and transferred on dry ice to the Biological Resource Centre at Nîmes University 

Hospital (NF S96–900, ISO 9001/ISO 20387 certified, number 210230/1285F) before being 

used in 2021. Before use, plasma samples were thawed in a water bath at 37 ◦C for 5 min, 

then gently homogenised.  

2.4.2. Routine tests  

Complete blood cell count (CBC) with white blood cell differential, aPTT, PT (INR), 

fibrinogen, ferritin, creatinine, albumin, LDH, CPK, bilirubin, ASAT, ALAT levels, and 

blood gas tests were performed by routine laboratory techniques.  

2.4.3. Automated thrombin generation assay (aTGA) 

 The STG-Thromboscreen® assay was performed on the ST-Genesia® analyser, Stago, 

Asnières, France. It uses a fluorogenic substrate for thrombin, is fully automated, and allows 

standardised thrombin generation (TG) measurements to be obtained using a dedicated 

calibrator, reagents, internal quality controls, and reference plasma samples. More 

specifically, the calibration curve is obtained with a fixed amount of human purified 

thrombin (STG-Thrombical®) in buffer solution in the presence of Z-Gly-Gly-Arg-AMC (the 

substrate) plus Ca++ (STG-Fluostart®), in a cuvette warmed to exactly 37 ◦C. The 

fluorescence increase (AMC) from thrombin-mediated substrate cleavage is measured every 

15 s at 377 nm excitation / 450 nm emission wavelengths. Once the calibration is validated, 

individual plasma samples are run in duplicate. In the plasma samples, a known amount of 

AMC (STG-Fluoset®) allows the calibration curve to be adjusted by correcting the plasma 

colour, and rectifying the inner effect filter. For this study, TGAs were performed in the 

absence and presence of thrombomodulin TM using the dedicated STG-ThromboScreen® 

reagent containing a mixture of phospholipids and a medium picomolar concentration of 

human Tissue Factor TF chosen by the manufacturer to obtain a 50 % decrease of the 

endogenous thrombin potential in presence of purified TM. The final TM concentration is not 

disclosed by Stago. Briefly, 80 μL of plasma was dispensed by the analyser in plastic 

cuvettes in presence of 20 μL of the initiating reagent (STG-ThromboScreen® with/without 

TM) and 20 μL of STG-J Fluostart®. The incubation rotor and measuring plate were heated 

to 37 ◦C, and the temperature was strictly maintained during the whole reaction. The 

thrombin measured over time is calculated by the software built-in in the ST®-Genesia using 

the modified Thrombinoscope software (Diagnostica Stago, Asnières-sur-Seine, France). TG 

parameters were automatically calculated, namely: lag time (LT), thrombin peak height (PH), 

time to peak (TTP), endogenous thrombin potential (ETP), velocity index (V), and start tail 

(ST). ETP was considered as the main parameter as it represents the total amount of thrombin 

work that a plasma sample can generate under specific experimental conditions. The 

accuracy and precision of the instrument and reagent were monitored with quality controls at 

low, normal and high levels. Despite low analytical variability (coefficient of variation <10 



%), we normalised results in the absence of TM with the reference plasma, by dividing each 

patient‘s values by the reference plasma’s corresponding value. The TM effect on the assay 

was quantified dividing the ETP value obtained in the presence of TM, by the ETP value 

obtained in the absence of TM. 

 

Fig. 1. Flow-diagram showing selection and inclusion of patients and their subsequent 

evolutions. ICU: intensive care unit. 



2.4.4. Fibrin generation marker  

D-dimers were assayed by an automated enzyme linked fluorescent assay: Vidas® D-dimers 

Exclusion™ II, BioMérieux, Marcy l’Etoile, France.  

2.5. Data recorded for the study  

Clinical and laboratory parameters and variables were recorded at inclusion by senior 

investigators, for each patient included. This included demographic data and each patient’s 

history, ongoing treatments, clinical, radiological and laboratory characteristics at inclusion 

and treatments prescribed upon entry to the wards.  

2.6. Ethics approval and consent to participate  

All patients included had given their informed consent to take part in the study, which was 

approved by the “CPP ˆIle-de-France I-Paris-Hôtel Dieu” ethics committee on April 24th, 

2020, ref. #CPPIDF1–2020-ND48 cat.2. The study was performed in accordance with the 

1996 revised version of the 1975 declaration of Helsinki and its later amendments, and with 

the French law on clinical research: ref. ANSM (“Agence National de Sécurité des 

Médicaments et des produits de Santé) #: 1641233, registered under the number ID-RCB: 

2020-AO1068–31 and ClinicalTrials.gov Identifier, NCT04356950.  

2.7. Statistical analysis  

First of all, the demographic and clinical characteristics of the patients included were 

statistically described. Quantitative variables were expressed as means and standard 

deviations. Qualitative variables were expressed as numbers and percentages. Patient 

characteristics were compared according to vital status. For quantitative variables, we used a 

Student’s test or a Wilcoxon-Mann-Whitney test when distribution of the variable was 

skewed. For qualitative variables was used a Chi2 test or Fisher’s exact test.  

The values of the different quantitative parameters describing the aTGA profiles obtained 

were described and compared according to vital status at 28 days for the primary outcome, 

using a Wilcoxon-Mann- Whitney test. The prognostic value of these parameters was 

evaluated using ROC curves, with discriminatory ability quantified by the area under the 

curve (AUC) based on Hanley’s method, and then compared with the value of 0.5. We finally 

computed the crude odds ratio (OR) and two-sided 95 % confidence intervals (95%CI) using 

a univariate logistics regression model. The same statistical methodology was used for the 

other outcomes. For later transfer to the intensive care unit due to worsening during the 

hospital stay, the analysis was based on the 129 patients who had been admitted to medical 

wards.  

No specific treatment or procedure was applied to missing data. Patients lost to follow-up for 

a given outcome were excluded from the analysis. 



 The statistical analysis was conducted using R 4.1.2 (Foundation for Statistical Computing, 

Vienna, Austria) and SAS® software (SAS 2002–2017 Institute Inc.). P values of 0.05 or less 

were considered significant.  

2.8. Funding  

The study was funded by an exceptional call for tender launched by Nîmes University 

Hospital to support clinical research on COVID-19: ref. # NIMAO 2020 COVID-19. The 

funder had no role in the study design, interpretation of results or writing the report. 

 

2. Results 

We included 179 patients with severe COVID-19 entering the Emergency Departments of the 

University Hospitals of Nîmes (N = 144, 28 of them with an initial admission to the central 

ICU) and Montpellier (N = 35, 22 to the ICU) from April 6th, 2020 to March 29th, 2021 (Fig. 

1). The University Hospitals of Bordeaux and Limoges did not include any patients in the 

study. Most of the severe COVID-19 patients during this period were included in therapeutic 

trials, thus limiting eligibilities for this study.  

3.1. Patient characteristics  

Table 1 describes patients at inclusion.  

Mean age was around 65 years and the majority of patients were men (61 %). The mean body 

mass index (BMI) values indicated overweight and various general comorbidities were 

common. Anti-hypertensive drugs were taken by roughly 6 patients out of ten, angiotensin-

converting enzyme inhibitors by 15 % and statins by one third. The mean oxygen blood 

saturation level was 94.6 %. Fifty patients (28 %) entered the intensive care unit (ICU) 

directly, with systematic mechanical ventilation. Methylprednisolone and oxygen were the 

main treatments prescribed and, among antithrombotic regimens, a prophylactic-dose of low-

molecular weight heparin (LMWH) was given to 83 % of the patients. Mean values of 

haemoglobin, platelets and white blood cell counts were normal, as were aPTT and PT 

values. A sustained inflammatory reaction was generally found (high fibrinogen, CRP, 

ferritin and low albumin values), but renal function was globally not impaired and liver 

enzymes were normal. Strikingly, high D-dimer plasma concentrations were confirmed. TGA 

parameters showed a variable percentage of missing data: 9.5 % in the absence of TM and 15 

% in the presence of TM. The overall description of the aTGA parameters is displayed in 

Table 2. The aTGA after supplementation of samples by purified thrombomodulin (TM) 

evidenced decreased endogenous thrombin potential (ETP) values to 60 % of the initial 

values: thus corresponding to the inhibition of 40 % of the initial activities.  

3.2. Clinical outcomes  

Forty-eight patients among the 129 initially admitted to medical wards had to be transferred 

to ICUs before Day 28 due to clinical worsening (Fig. 1), but none between Days 28 and 90.  



 

Among the 92 patients treated in ICUs, fourteen died before D28. Five patients among those 

treated in ICUs at D28 died before D90. Among the 87 patients still alive in medical wards at 

D28, 5 left the hospital before D90 and were subsequently lost to follow-up, and 1 died 

before D90. To summarise, 14 patients died before D28, all in ICUs; and 20 patients died 

before D90, with all but 1 in ICUs.  

Nine patients had thrombotic events: 5 had venous thromboembolism (VTE) and 4 had a 

thrombotic event strictly related to extracorporeal membrane oxygenation treatment.  

3.3. Primary outcome  

Demographic, clinical and laboratory data at inclusion were compared according to vital 

status at D28 in Table 1: non-survivors were older, with a higher rate of patients taking non-

steroidal anti-inflammatory drugs, with higher sequential organ failure assessment (SOFA) 

score values, lower blood oxygen saturation levels, higher percentages of lung involvement 

revealed by chest CT scan, higher rates of mechanical ventilation and higher values of white 

blood cells, C reactive protein and PaCO2.  

Fig. 2 gives an example of the obtained thrombin generation curves.  

Table 2 analyses the values of the aTGA parameters at inclusion categorised according to the 

vital status at D28. None of them were significantly different between survivors and non-

survivors. Of note, we observed a non-significant 115 nM.min decrease of the ETP values in 

the non-survivor group compared to the survivor-group: this may reflect a degree of 

consumption coagulopathy hampering thrombin generation. 

 3.4. Secondary outcomes  

Among the demographic, clinical and laboratory data at inclusion (Table 1), non-survivors at 

D90 had higher age values, a higher rate of patients taking non-steroidal anti-inflammatory 

drugs or statins, higher SOFA score values, lower blood oxygen saturation levels, higher 

percentages of lung involvement according to the chest CT scan, lower diastolic blood 

pressure but higher systolic blood pressure values, a higher rate of patients taking antibiotics, 

a higher rate of mechanical ventilation, a higher rate of treatment by an antiplatelet agent, 

higher values for white blood cells, creatinine, CPK and PaCO2.  

Fig. 3 gives an example of the obtained thrombin generation curves. None of the aTGA 

parameters at inclusion were significantly associated with the vital status at D90 either (Table 

3). Here also, we observed a non-significant 100 nM.min decrease of the ETP values in the 

non-survivor group compared to the survivor-group which may denote a relative degree of 

consumption coagulopathy. 

 

 



 

 



In the analysis of the aTGA parameter values categorised according to whether the patient 

had required later transfer to an ICU (Table 4), the velocity index and thrombin peak height 

values, with and without a TM challenge, were higher in transferred patients than in non-

transferred patients, as was the endogenous thrombin potential obtained after TM 

supplementation, the TM-induced decrease in ETP being consequently significantly lower in 

non-survivors. This relative resistance of ETP to the addition of TM was the most significant 

finding associated with secondary transfer to ICU, and the corresponding average odds ratio 

reached 15.5 (95%CI, 2.15–132, p = 0.009). The corresponding mean AUC value ranged 

from 0.6 to 0.8 (0.660, 95%CI 0.541–0.799), thus indicating good (although not very good) 

strength of agreement. Supplementary Table 1 shows the patients’ characteristics according 

to the occurrence of later transfer to an ICU.  

Fig. 4 gives an example of the obtained thrombin generation curves. None of the aTGA 

parameters were significantly associated with the occurrence of a thrombotic event during the 

patients’ hospital stay (Table 5). 

 

3. Discussion 

This is the first multicentric prospective work evaluating an automated thrombin generation 

assay, which includes a thrombomodulin challenge, performed in patients entering hospital 

for the management of severe COVID-19, in its capacity to predict strong clinical outcomes: 

early survival at Day 28 and late survival at Day 90, later transfer to an ICU before Day 90, 

and the occurrence of a thrombotic event. The aTGA was unable to predict early or late in-

hospital mortality. Neither could the thrombotic events we observed. Only values of the 

thrombin peak height and of the endogenous thrombin potential after TM challenge, and 

more than all the TM-mediated lowering of the ETP value, were associated with the 

likelihood of later transfer to an ICU due to clinical worsening. These data were consistent 

with a relative resistance of tissue factor-mediated thrombin generation to TM in patients 

whose health declined towards a need for resuscitation.  

This relative resistance of tissue factor-mediated thrombin generation to TM in COVID-19 

has also been detected in a Spanish study on 42 patients on admission [12] and was 

associated with the occurrence of an adverse event. This new putative marker for clinical 

worsening may help for risk stratification on admission. TM is a type-I transmembrane 

protein that is mainly expressed on endothelial cells, but also on macrophages, monocytes, 

neutrophils and platelets, and that has multiple biological functions, among which anti-

inflammatory, anticoagulant and fibrinolysis functions: it can be released in the circulation 

[13]. Elevated plasma levels of soluble TM is a component of the so-called COVID-19 

coagulopathy and two recent findings suggest that soluble TM is highly correlated with 

survival among COVID-19 patient [14,15], soluble TM levels being considered as a 

surrogate marker for the degree of endothelial injury. The impairment of the anticoagulant 

response to extrinsically added TM in our aTGA, i.e. the relative TM resistance, could mean 

an alteration in the reserve anticoagulant adjustment capacity of patients which could 



contribute to their unfavourable evolution in an evolving clinical situation of increased 

demand on the haemostasis system. In this view, the links and correlation between increased 

soluble TM concentrations and increased resistance of thrombin generation to TM deserves 

to be investigated, as the impact on the actors of the TM effect on thrombin generation, like 

protein C, S, and factors V and VIII.  

A recent review paper on the clinical use of thrombin generation assays dedicated a sub-

section to available results on viral infections and COVID-19 [8] and deplored the analysis of 

thrombograms in patients receiving heparin and the lack of systematic documentation on 

assay details. Our work does not fall under this criticism. We also used an automated TGA 

methodology (standardised as far as possible), which uses commercially-available reagents, 

to reduce the variability of the assay to acceptable limits [9,10], as is mandatory for clinical 

applications.  

The same laboratory method that we used was chosen by White and coll. [16] to perform a 

transversal study between noncritical (n = 34) and critical (n = 75) patients with COVID-19: 

disease severity did not increase thrombin generation but their prognosis was not studied. It 

was also used by Benati and coll. [17] in a limited study comparing 16 COVID-19 cases with 

19 healthy controls. Their results suggested some degrees of coagulation exhaustion in 

patients, at least at the stage when intensive care was required. Blasi and coll. [18], again 

with the same technical option, studied 23 COVID-19 patients and found normal in vitro 

thrombin generation which persisted on anticoagulation. On the other hand, using the same 

laboratory tests, Campello and coll. [19] studied 89 patients, 30 of whom had been admitted 

to the ICU, and found increased thrombin generation at diagnosis which was reduced to 

levels of healthy controls under standard thromboprophylaxis. An increased thrombin 

potential with high ETP values over the first week after ICU admission was also observed by 

Hardy and coll. in a small, longitudinal, observational study [20].  

A similar TGA, but manually performed using local reagents, was tested by von Meijenfeldt 

and coll. [21] in 102 hospitalised patients with COVID-19 receiving various levels of 

respiratory support: patients with higher respiratory support exhibited substantial ex vivo 

thrombin generation. As did de Laat and coll. [22] on a cohort of 519 consecutive patients 

with a suspected SARS-CoV-2 infection: 26 % were positive and had higher lag times and 

lower ETP inhibition by TM, without any significant differences in patients with thrombosis. 

De la Morena-Barrio and coll. [3] applied a similar methodology to 127 patients with 

confirmed COVID-19 hospitalised at a single centre: patients with more prolonged lag time 

and decreased ETP had more severe diseases, defined according to both vascular events and 

death, the D-dimer/ETP ratio being associated with in-hospital mortality. Billoir and coll. [4] 

prospectively tested a manual TGA test without any TM challenge on 85 patients with 

COVID-19, including 33 critically ill patients, without finding any difference between the 2 

severity groups. By lowering the TF concentration to 1 pM in their manually performed TGA 

test, the same team [5] studied the in-hospital clinical evolution of 99 COVID-19 patients and 

found that a model containing thrombin peak value among 5 parameters could indicate a risk 

of worsening, transfer to an ICU or death. 



 

 



Fig. 2. Two examples of the aTGA curves obtained (A) in a patient who survived at D28 and 

(B) a patient who did not. TM: thrombomodulin. 

 

 

Fig. 3. Two examples of the aTGA curves obtained (A) in a patient who survived at D90 and 

(B) a patient who did not. TM: thrombomodulin. 

 

 



 

 

 

Fig. 4. Two examples of the aTGA curves obtained (A) in a patient who did not require later 

transfer to ICU and (B) a patient who required a later transfer to ICU. TM: thrombomodulin. 

 



 

Our study has limitations. Obtaining a perfect blood sample for haemostasis studies in not-so-

young patients entering hospital with an acute, distressing disease in which dyspnoea and, 

sometimes, a sense of impending death increases their anxiety, is always a challenge even for 

highly trained nurses and doctors. It is not impossible that some of the results are de facto 

impacted and do not reflect the impact of the disease itself. We also have a significant 

amount of missing data, which is common when working on emergencies, but the depletion 

of medical resources and their lack of capacity in the face of the pandemic has made the 

collection of data more difficult than usual. We also observed few thrombotic events, which 

probably reduced our chances of finding an association with the aTGT results, if any, due to 

lack of statistical power. We only tested patients at admission and therefore had no means of 

knowing whether modifications in the aTGA results day after day might indicate a negative 

clinical course. There are certain limitations to the generalizability of results as they 

obviously depend on the spontaneous distribution of patients requiring resuscitation or not 

upon hospital admission, a balance highly submitted to variations, depending on the number 

of vaccinated people, the type of SARS-CoV-2 variant, mean age of the local population, 

their comorbidities etc… The value of a single test may also have limitations, because the 

tests have to be more comprehensive of the complex situation of thrombogenesis: for 

instance the mutual behaviour of TGA and D-dimers may need to be taken into account. 



None of the aTGA-derived variables were significantly correlated with D-dimer values, 

except the TM-induced modification of ETP values (weak correlation: Spearman’s ρ 

coefficient = 0.16, p < 0.05): they do not therefore provide the same information. However, 

by taking into account all the TGA parameters with and without TM as well as the shape of 

the curves, there are a lot of information regarding the coagulable state of the patient. The 

aTGA is a global coagulation test, sensitive to all changes in protein levels involved in the 

coagulation cascade, so it can better reflect bleeding and thrombotic risk compared with 

clotting-time based assays. Another point concerns the circulating half-life of the markers: 

the relatively long half-life of D-dimers (6–8 h) may provide an advantage in predicting non-

immediate clinical events, while aTGA may be subject to more rapid variations. D-dimers are 

not specific and are increased in many situations, so difficult to use. TGA is on the other 

hand more comprehensive compared to all other tests measuring one single point estimate. 

Focusing on thrombotic complications, currently felt as consequences of complex 

modifications of the whole vascular biology system, the values of a single parameter, aTGA, 

should probably be interpreted as relative. Looking for a haemostasis-derived prognostic 

score, which was not our purpose, will probably be better solved with a battery of tests 

including markers related to the different branches of vascular biology.  

Our study also has certain strengths. It was a prospective, bi-centric study and the single 

entry point of patients through the emergency medicine departments facilitated the systematic 

screening of consecutive patients. We could rely on a certified hospital ward dedicated to the 

management of biological resources for clinical research purposes. The tests under focus 

were centralised in a single laboratory and performed blinded to the clinical outcomes. The 

overall mortality rates were finally very close to what we had estimated to calculate the 

number of patients required for inclusion (11.4 % vs. 12 %) and the outcomes were strong, 

easy-to-confirm clinical ones. 

Early reports emphasized the rate of thrombotic complications in COVID-19 patients and 

described the COVID-19 coagulopathy and endotheliopathy which became a central 

component of the disease [23,24]. It was also shown that patients with COVID-19 had 

increased thrombin generation potential, despite prophylactic anticoagulation, whereas 

patients with sepsis did not, thus pointing to a particularity [25]. It was thus tempting to 

imagine that TGA with a TM challenge, currently one of the most promising studied global 

coagulation assays in many diseases, performed using a technical option for limited 

variability, might have the capacity to indicate the survival prognosis. However, the results 

show no or limited legitimacy in that setting. This might suggest, particularly the ETP 

response to TM evoking relative resistance, a high risk of later transfer to an ICU due to 

clinical worsening, but the strength of agreement in that setting appears to be too limited to 

support a clinically relevant decision by itself alone. This particular point will need to be 

further analysed, incorporating all the cofactors and covariates likely to modulate the 

predictive capacity. A specific score could be developed that would allow us to offer 

maximum medical care, earlier on. 
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