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Abstract

Background:  Few observations exist with respect to the pro-coagulant profile of patients 

with COVID-19 acute respiratory distress syndrome (ARDS). Reports of thromboembolic 

complications are scarce but suggestive for a clinical relevance of the problem. 

Objectives. Prospective observational study aimed to characterize the coagulation profile 

of  COVID-19 ARDS patients with standard and viscoelastic coagulation tests, and to 

evaluate their changes after establishment of an aggressive thromboprophylaxis. 

Methods: Sixteen patients with COVID-19 ARDS received a complete coagulation profile 

at the admission in the intensive care unit. Ten patients were followed in the subsequent 

7 days, after increasing the dose of low molecular weight heparin, antithrombin levels 

correction, and clopidogrel in selected cases. Results: At baseline, the patients showed a 

pro-coagulant profile characterized by an increased clot strength (CS, median 55 hPa, 

95% interquartile range 35-63), platelet contribution to CS (PCS, 43 hPa, interquartile 

range 24-45), fibrinogen contribution to CS (FCS, 12 hPa, interquartile range 6-13.5 

elevated D-dimer levels (5.5 μg/mL, interquartile range 2.5-6.5), hyperfibrinogenemia 

(794 mg/dL, interquartile range 583-933). Fibrinogen levels were associated (R2=0.506, 

P=0.003) with interleukin-6 values. After increasing the thromboprophylaxis, there was a A
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significant (P=0.001) time-related decrease of fibrinogen levels, D-dimers (P=0.017), CS 

(P=0.013), PCS (P=0.035) and FCS (P=0.038). Conclusion. The pro-coagulant pattern of 

these patients may justify the clinical reports of thromboembolic complications 

(pulmonary embolism) during the course of the disease. Further studies are needed to 

assess the best prophylaxis and treatment of this condition. 

Introduction

Patients with COVID-19 associated pneumonia exhibit a number of abnormal coagulation 

parameters, according to different reports,1-3 and coagulation abnormalities have been 

associated with a higher mortality rate.3-5 The hemostatic system alterations include 

changes in the activated partial thromboplastin time (aPTT), in the international 

normalized ratio (INR) of the prothrombin time, increased D-dimer and fibrin degradation 

products (FDP). The aPTT and the prothrombin time were found shorter than normal in 

16% and 30% of the patients, respectively.2 Patterns of disseminated intravascular 

coagulation (DIC) were reported in deaths, and within this group the aPTT and the 

prothrombin time were prolonged.3

In our Intensive Care Unit (ICU) we started admitting patients with COVID-19 infection 

and acute respiratory distress syndrome (ARDS) since March 8th. In the first two days, we 

had two mortality cases with a pattern of pulmonary embolism (sudden death after 

mobilization with signs of acute right ventricular failure), and other Hospitals in our 

network reported similar cases. Pulmonary embolism cases in COVID-19 patients have 

already been reported in literature6, and in a recent report from EuroELSO, 20% of 

patients under extracorporeal membrane oxygenation had pulmonary embolism.7 From 2 

to 5 days after the first admission in the ICU we have started a wide collection of 

laboratory data and coagulation point-of-care tests viscoelastic tests to characterize the 

coagulation profile of these patients. Additionally, after the first round of tests, we have 

changed our standard anticoagulant therapy toward a higher degree of anticoagulation. 

In this study is, the coagulation profile of COVID-19 ARDS patients is analyzed with A
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standard tests and visco-elastic tests, and the differences induced by a more aggressive 

antithrombotic therapy are investigated.

Methods

Patient population

The patient population comprised 16 patients with a diagnosis of COVID-19 associated 

pneumonia and ARDS, admitted to our ICU under tracheal intubation and mechanical 

ventilation. The study was approved by the Ethics Committee of the San Raffaele 

Hospital. Data are presented in an anonymous form.

Central laboratory and point-of-care coagulation tests

The hemostatis and coagulation characterization included the measure of the aPTT, INR, 

platelet count, fibrinogen, D-dimer, antithrombin (AT) activity. INR and aPTT were 

assessed using respectively the STA-NeoPTimal 10 and the STA-Cephascreen 10 

(Diagnostica Stago, Asnières sur Seine, France); fibrinogen was measured using the 

Clauss-based STA-LiquidFib (Diagnostica Stago, Asnières sur Seine, France). Cytokine 

levels (interleukin-6, IL-6) were measured at the admission in the ICU.

Viscoelastic tests were performed after 2-5 days from the admission in the ICU. We have 

used a Quantra Hemostasis analyser (Quantra® System, HemoSonics LLC, 

Charlottesville, VA), that utilizes an ultrasound-based technology that measures changes 

in viscoelastic properties of whole blood. The Quantra System includes a consumable 

cartridge that provides a number of parameters related to clot time and clot stiffness. 

Blood is collected in citrated tubes and blood is directly suctioned by the instrument, 

without blood dispersion. This study was performed using the Quantra QPlus® cartridge 

which includes 4 parallel channels, each pre-filled with specific lyophilized reagents and 

performing simultaneous measurements. The output of the instrument consists of (i) clot 

coagulation time (CT, seconds) after blood activation with kaolin; (ii) Clot Stiffness (CS, 

hPa) after activation by thromboplastin (iii) fibrinogen contribution to the overall clot 

stiffness (FCS, hPa) by adding abciximab (ReoPro, Eli Lilly, Indianapolis, IN); and (iv) 

Platelet Contribution to CS (PCS, hPa), as difference between the total CS and the FCS.8

All the patients received a baseline determination of standard and viscoelastic tests. Ten 

patients were followed over the next 7 days, with daily measure of standard tests.A
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Thromboembolic prophylaxis and other therapies

At the ICU admission, all the patients were receiving a thromboprophylaxis management 

of 4000 IU b.i.d. low molecular weight heparin (LMWH, calcium nandroparine). After the 

first round of standard coagulation and viscoelastic tests, the patients were switched to 

the following protocol: LMWH 6000 b.i.d. (8000 IU b.i.d. if body mass index > 35); AT 

concentrate to correct values < 70%; clopidogrel loading dose 300 mg + 75 mg/day if 

platelet count > 400,000 cells/µL. Additional therapies included hydroxilcholoquine , and 

anti-viral agents.

All the patients were sedated with propofol or midazolam, and mechanically ventilated 

under full muscle relaxant dose.

Statistics

Data are presented as number (%), and median (interquartile range) as appropriate. Data 

were tested for differences at the various points in time using a Friedman test. Correlation 

between different continuous variables was tested with linear or polynomial regression 

analyses. For all the tests, a two-tailed P value < 0.05 was considered significant. The 

statistical analyses were conducted using computerized packages (All the analyses were 

performed using computerized statistical packages (SPPS 13.0, IBM, Chicago, IL, and 

GraphPad, San Diego, CA).

Results and discussion

Table 1 reports the baseline characteristics of our patient population at baseline and 

follow-up. Overall, 94% of the patients were males. Five (31%) were obese, according to 

the definition of the World Health Organization, and 4 out of 5 had a body mass index > 

35. Median values of coagulation parameters showed a prolongation of the aPTT, with 

platelet count within the normal range and 1 patient with thrombocytosis (472,000 

cells/μL). Four patients (25%) had AT levels below the lower limit of the normal range; the 

median value of fibrinogen was higher than the upper limit of the normal range, and all 

the patients had values higher than 400 mg/dL. D-dimer and IL6 values were higher than 

the upper limit of the normal range in all the patients. 

Fibrinogen levels were significantly (P=0.003) associated with the IL6 values at baseline, 

according to a logarithmic regression (R2 for association = 0.506) (figure 1).

Viscoelastic tests showed normal values of CT but confirmed a clot firmness higher than 

normal, with median values of CT, PCS, and FCS higher than the upper limit of normal A
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range. Eleven (69%) patients had CT values longer than the upper limit of the normal 

range, with 10 patients (62%) showing PCS values above the upper limit of normal range 

and 15 (94%) patients with FCS values above the upper limit of the normal range.

Nine patients received a second viscoelastic test after 2 weeks from the baseline (figure 

2). There was a significant decrease of CS (P=0.013), PCS (P=0.035) and FCS 

(P=0.038).

Time-related changes in standard coagulation profile are shown in figure 3. Changes in 

INR and platelet count were non-significant. There was a significant (P=0.012) 

prolongation of the aPTT, and a significant (P=0.001) decrease of fibrinogen levels and 

D-Dimers. AT levels significantly (P=0.018) increased, with 2 patients receiving AT 

concentrate supplementation on day 2. 

The main finding of our study is the pro-coagulant profile of COVID-19 ARDS patients 

and its progression towards normalization after an increased thromboprophylaxis.

The baseline pattern of our patient population is an increased clot strength, which in 

100% of the patient population was related to high fibrinogen levels, and in about 60% 

even to an elevated platelet contribution to clot strength. 

From an interpretative perspective, this pattern sticks to a model of interaction between 

inflammation and coagulation. All the patients had elevated values of IL6, and a clear 

association between IL6 and fibrinogen levels was demonstrated. IL6 is a powerful pro-

inflammatory cytokine, which induces tissue factor (TF) gene expression in endothelial 

cells and monocytes, fibrinogen synthesis, and platelet production, without affecting 

fibrinolysis.9,10 TF triggers thrombin generation, and the combination of these factors 

produce a pro-coagulant profile that was evident in our patient population. Unfortunately, 

we are lacking direct data on thrombin generation, and the different parameters related to 

clot formation time (aPTT, INR, and CT) basically reflect the ongoing thrombosis 

prophylaxis/therapy by LMWH. However, the evidence of an AT consumption at baseline 

is an indirect marker of thrombin generation. D-dimers are certainly non-specific 

parameters of thrombi formation, but within this pattern they suggest thrombi generation 

and fibrinolysis. 

The establishment of a more pronounced thromboprophylaxis (increased doses of 

LMWH, AT correction, and clopidogrel in case of thrombocytosis) resulted in a significant A
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decrease of fibrinogen levels and D-dimers, and of the viscoelastic parameters related to 

clot strenght. 

D-Dimer levels have been identified as markers of severity of the disease4 and predictive 

of mortality.3 The decrease of D-dimers is therefore suggestive of a decrease severity of 

the disease. Previous studies have stressed a possible transition to a DIC associated 

with mortality, and in this case, following its natural course, the prothrombotic state is 

converted into a pro-hemorrhagic pattern.3 In our series, we could not observe a 

transition toward this state, conversely noticing, after 2 weeks, a return to normal of 

viscoelastic parameters in the survived patients.

This pattern of prothrombotic coagulopathy is different from what noticed in sepsis, where 

thrombocyte count is usually decreased, and of DIC, where the exhausted coagulation 

system shows a prolongation of the prothrombin time and aPTT, and a hemorrhagic 

tendency. It is possible that the aggressive thromboprophylaxis may have slowed or 

blocked the transition to DIC, as suggested by the tendency to normalize the coagulation 

parameters after 7-14 days.

From a clinical perspective, it is nowadays evident that COVID-19 ARDS patients may 

suffer from thromboembolic complications. Cases of pulmonary embolism (PE) have 

been published6, and a recent report of the French experience with extracorporeal 

membrane oxygenation in COVID-19 induced ARDS showed 20% of PE events and 2 

oxygenator thrombosis. The link between influenza-associated pneumonia and 

thromboembolic events was already stressed in previous studies.11 Our study, in 

combination with the other contributions in literature, suggests the potential role of 

micro/macro-aggregate formation inside the pulmonary vasculature within the pattern of 

ARDS in COVID-19 patients. This could justify the evidence of a severe impairment of 

oxygenation, despite a preserved lung compliance (at least in the early stages of the 

disease).

In our series of 16 patients, after increasing the anticoagulation regimen we did not 

observe major thromboembolic events. Six (37.5%) patients were extubated and 

discharged to the ward; 3 (18.7%) are still in the ICU; 7 (43.7%) did not recover and died 

due to hypoxia and multi-organ failure. An aggressive thromboprophylaxis of these 

patients seems justified, and the recent guidance of the International Society on 

Thrombosis and Haemostasis stresses the need for coagulation monitoring and LMWH A
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therapy.12 A recent study demonstrated a lower 28-days mortality rate in patients 

receiving anticoagulation with LMWH.13 Other strategies could include the use of 

intravenous unfractionated heparin or direct thrombin inhibitors (bivalirudin or 

argatroban). 

The main limitations of our study are the small sample size, and the lack of direct data on 

thrombin generation and fibrinolysis. Being a non-randomized trial, our hypothesis that 

the patients may benefit from a pronounced anticoagulation needs to be confirmed by 

adequate randomized controlled trials.
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Figure legends

Figure 1: Association between interleukin-6 values and fibrinogen levels. Logarithmic 

regression; grey area is 95% confidence interval.A
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Figure 2: Baseline viscoelastic parameters. Boxes represent median and interquartile 

range, whiskers min to max values. CT: clotting time (left Y axis); CS: clot strength; FCS: 

fibrinogen contribution to clot strength; PCS: platelet contribution to clot strength (right Y 

axis). Colored areas are normal range. The numbers after the variables on the X-axis 

express baseline (1) and follow-up at 2 weeks (2).

Figure 3: Time course of coagulation parameters. Boxes represent median and 

interquartile range, whiskers min to max values.aPTT: activated partial thromboplastin 

time; ICU: intensive care unit. Dashed line represents onset of enhanced anti-thrombotic 

prophylaxis.
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Table 1. Demographics and coagulation parameters of the patient population at baseline and follow-up.

___________________________________________________________________________________________________________

Parameters Values

___________________________________________________________________________________________________________

Age (years) 61 (55-65)

Gender (male/female) 15 / 1

Intubation time (days) at baseline 7 (3.5-10)

Weight (kg) 85 (72-109)

Body mass index 26.4 (23.9-35.1)

Obese (body mass index > 30) 5 

__________________________________________________________________________________________________________

Standard tests        Normal range Baseline Follow-up 7 days    P

__________________________________________________________________________________________________________

aPTT (sec) 24 – 35 36.4 (29-41.6) 44.1 (42.1-47.4) 0.012

INR 1.08 (0.98-1.11) 1.13 (1.08-1.19) 0.500

Fibrinogen (mg/dL) 200 - 400 794 (583-933) 582 (446-621) 0.001

Platelet count (x1,000 cells/µL) 150 - 450 271 (192-302) 320 (308-393) 0.463

Antithrombin (%) 80 - 120   85 (65-91) 107 (81-130) 0.018

D-dimer (µg/mL) < 0.5 3.5 (2.5-6.5) 2.5 (1.6-2.8) 0.017

Interleukin-6 (pg/mL) 0 - 10 218 (116-300) -    -

A
cc

ep
te

d 
A

rt
ic

le



This article is protected by copyright. All rights reserved

__________________________________________________________________________________________________________

Viscoelastic tests Normal range Baseline Follow-up 14 days    P

__________________________________________________________________________________________________________

Clotting time (sec) 103 - 153 139 (133-155) 135 (125-151) 0.058

Clot strenght (hPa) 13 - 33.2     55 (35-63) 34 (17-54) 0.013

Platelet contribution to clot strength (hPa) 11.9 – 20.8    43 (24-45) 29 (14-44) 0.035

Fibrinogen contribution to clot strength (hPa) 1 – 3.7   12 (6-13.5) 6.2 (3-9.9) 0.038

__________________________________________________________________________________________________________

aPTT: activated partial thromboplastin time; INR: international normalized ratio of the prothrombin time. Data are median and 

interquartile range.
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