
Severely Ill COVID-19 Patients Experience Hypercoagulability 
Despite Receiving Escalated Anticoagulation 

DESCRIPTION OF THROMBODYNAMICS AND ITS CLINICAL APPLICATION 

Coagulation factors and inhibitors are evenly dissolved in blood plasma; however, clot formation is a spa-
tially inhomogeneous process (79). The process begins at the site of vascular injury, on the surface of cells 
expressing tissue factor (TF). Accordingly, the first active coagulation factors appear on the surface of TF-
expressing cells. The gradual diffusion of activated coagulation factors leads to the assembly of complexes of 
the inner tenase (fIXa-fVIIIa) and prothrombinase (fXa-fVa) on the membranes of activated platelets or mi-
crovesicles located away from the TF surface. Thus, clot formation spreads from the site of vascular damage. 
At this stage, the rates of the enzymatic reactions and the rates of diffusion are both important. 

Thrombodynamics is a clinical laboratory assay which considers spatial heterogeneity of plasma clotting and 
imitates plasma coagulation in vivo. It received approval for clinical use in Russia and several Central Asian 
countries. 

Procedure 
Thrombodynamics assay is conducted using a specialized laboratory diagnostic system ʺThrombodynamics 
Analyzer T2-Fʺ (LLC HemaCore, Moscow, Russia)1 and kits (LLC HemaCore, Moscow, Russia) consisting of 
corn trypsin inhibitor, calcium acetate and a plastic insert with relipidated recombinant TF (Instrumentation 
Laboratory, Bedford, USA) immobilized on its ends. LLC HemaCore provides the information about the 
density of immobilized TF: 113±26 pmoles/m2; ACTICHROME® TF activity assay is used. Thrombodynamics 
utilizes platelet-free blood plasma, prepared through two consecutive steps of centrifugation and superna-
tant collection (41). Corn trypsin inhibitor is added to plasma and it is recalcified immediately before the test. 
Prepared plasma samples are placed into the channels of a special measuring cuvette (Fig. T1A). Next, the 
insert is loaded into a cuvette and its ends come into contact with plasma. It initiates coagulation process and 
a fibrin clot begins to grow away from the ends of the insert. Its growth is recorded for 30 minutes with a 
digital camera in the dark field mode (registration of the light scattering pattern). The resulting series of 
images reveals changes in the size, shape, and density of the fibrin clot over time (Fig. T1B and T1C). 

 
1 hƩps://hemacore.com/en/ 
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Figure T1. Principles of Thrombodynamics. (A) - Measuring cuvette with activator insert: tissue 
factor (TF), which initiates clotting upon contact with plasma, is immobilized on the ends of the 
plastic activating insert. Measurements are carried out simultaneously in both channels of a cuvette. 
(B) - Graphs of clot size (blue line) and spontaneous plasma coagulation area (red) as a function of 
time. (С) - Photographs of fibrin clot in Thrombodynamics for various states of coagulation. The 
photographs were taken 30 minutes after the start of the assay. 

In addition to primary clot growing from the activating insert, spontaneous coagulation may be observed 
within the plasma volume which does not contact with the primary clot. This phenomenon can be seen in 
patients with intense hypercoagulability, such as in the initial phase of disseminated intravascular coagula-
tion (DIC) syndrome, and is attributed to the presence of the patientʹs own procoagulant components in the 
plasma sample - microvesicles, active coagulation factors, and traces of tissue factor (80). 
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Thrombodynamics Parameters 
The Thrombodynamics software utilizes the captured images to generate a clot size versus time plot (Fig. 
T1B) and calculates numerical parameters that characterize the spatial dynamics of the fibrin clot growth 
and spontaneous coagulation. 

- Lag-time (Tlag) - the delay before clot formation after plasma contacts the activating insert. It can be 
used to monitor anticoagulant therapy with vitamin K antagonists (VKAs) since lag-time increases 
during such therapy (81). Additionally, lag-time is sensitive to the effects of direct oral anticoagulants 
(DOACs): factor Xa inhibitors (rivaroxaban) and prothrombin inhibitors (dabigatran etexilate). Lag-
time also increases with severe deficiencies in factors of the extrinsic and common pathways (82). 

- Clot growth rate (V or TDX-V) - the average clot growth rate calculated within the interval of 15-25 
minutes after beginning of the clot growth. If the parameter V cannot be calculated within the speci-
fied interval due to the intensive formation of spontaneous clots, it is calculated over the 5-minute 
interval preceding the onset of spontaneous clot formation. It is the main parameter of the assay and 
is highly sensitive to changes in hemostasis of various origins, from hemophilia to hypercoagulable 
states (e.g., in the postoperative period (83), during disseminated intravascular coagulation (42), en-
terectomy (84)). TDX-V decreases during therapy with heparins and VKAs (81), and in cases of severe 
deficiencies in factors of the intrinsic and common pathways (82). 

- Time to spontaneous clot formation (Tsp) in plasma volume - a moment when the volume outside the 
growing clot becomes filled with spontaneous clots covering 5% of the volume. This indicates a high 
prothrombotic potential of the tested plasma. The presence of activated coagulation factors (e.g., fac-
tors IXa and XIa), tissue factor, and an increased concentration of procoagulant microvesicles in the 
blood leads to the formation of spontaneous clots (80). A shortened Tsp indicates an increase in pro-
thrombotic activity. 

- Initial clot growth rate (Vi) - the average rate of clot growth calculated within the interval of 2-6 
minutes after beginning of the clot growth. 

- Fibrin clot size (CS) - the size of the clot by the end of the assay. It is an integral characteristic reflecting 
the combined activity of individual components of the coagulation system. 

- Clot density (D) - an optical measure equal to the intensity of light scattering by the fibrin clot. It 
allows detection of abnormalities in fibrinogen concentration or functional activity: D decreases pro-
portionally with fibrinogen deficiency. Increasing fibrinogen concentration is accompanied by a mod-
erate increase in D (85, 86). 

A distinctive feature of Thrombodynamics is the ability to visually observe the process of spatial clot growth. 
The recorded video of clot growth provides clear information about the state of the coagulation system. The 
manufacturer provides reference ranges of normal Thrombodynamics parameters (Tab. T1), which were ob-
tained from plasma samples of healthy volunteers (41). 

Table T1. Reference ranges of the Thrombodynamics parameters. 
Parameter Reference range 

Lag-time (Tlag) 0.6-1.5 min 
Clot growth rate (V or TDX-V) 20-29 μm/min 

Time to spontaneous clot formation (Tsp) >30 min 
Initial clot growth rate (Vi) 38-56 μm/min 

Clot size (CS) 800-1200 μm 
Clot density (D) 15000 - 32000 AU 



4 

Clinical Application of Thrombodynamics 
More than 200 scientific articles have been published; most of them focus on evaluating the clinical informa-
tiveness of the method. This section summarizes the results of the clinical application of Thrombodynamics. 

Patients having high risk of developing thrombotic complications 
A large number of studies allow us to confidently state that Thrombodynamics adequately reflects the he-
mostatic status in patient groups characterized by an increased risk of thrombotic complications. In such 
patients, Thrombodynamics demonstrates the presence of hypercoagulability disorders, primarily mani-
fested by increased TDX-V and spontaneous clot formation. Thrombodynamics detected hypercoagulability 
in patients with the following conditions: 

- after surgical intervention (87-89), 
- in oncological patients (90, 91), 
- in patients with autoimmune diseases (92, 93), 
- in severe infectious diseases (42, 94, 95), 
- in patients with cardiovascular diseases (96, 97), 
- in cases of hemolytic anemias (98), 
- in cases of cerebrovascular disorders (99). 

Moreover, these changes have a progressive nature: hypercoagulability worsens in patients having more 
severe course of disease and comorbidities. 

Prediction of thrombotic complications 
Studies examining the potential of Thrombodynamics in predicting thrombosis can be divided into observa-
tional and intervention cohort studies. Observational studies show that patients with registered thromboses 
have significantly higher TDX-V, than patients without thrombosis (84, 100, 101). Details of the studies are 
provided in Table T2. Clinical cases show that an increase in clotting precedes the development of throm-
bosis (42, 102-104). 

It is worth noting that in the group of patients with idiopathic deep vein thrombosis of the lower extremities 
(105), Thrombodynamics shows only a slight increase in clotting during the post-thrombotic period (patients 
sought assistance one week after the onset of thrombosis). This is likely due to the absence of systemic hy-
percoagulability in these patients and the lability of the hemostatic system, which quickly normalizes after 
thrombus formation. 

Monitoring of anticoagulation therapy 
It has been shown that Thrombodynamics is sensitive to all major anticoagulants: unfractionated (UFH) and 
low molecular weight (LMWH) heparins, vitamin K antagonists (VKA), and direct oral anticoagulants (DO-
ACs). It is valuable that the effects of various medications on clot growth in the assay are not uniform (Fig. 
T2): 

- Heparins in prophylactic and therapeutic doses have almost no effect on lag-time but significantly 
(1.5-5 times) reduce TDX-V (41, 42).  

- Warfarin therapy leads to approximately a two-fold prolongation of lag-time compared to normal 
and a slight (20-30% reduction compared to normal) decrease in TDX-V (89, 106, 107). 

- Preliminary data indicate that DOACs (rivaroxaban and dabigatran etexilate) also prolong lag-time 
and reduce clot growth rate, but the effect is less pronounced compared to heparins and warfarin 
(81). 
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Other studies focus on evaluating the effectiveness of thrombosis prevention using Thrombodynamics. It has 
been shown that a significant proportion of patients (from 20% to 40%) remain in normal or hypercoagula-
bility states despite receiving anticoagulant prophylaxis (88, 108, 109). Therefore, the usage of Thrombody-
namics holds promise for identifying high-risk groups for thrombosis and for tailoring anticoagulant 
prophylaxis to these patients. These studies have demonstrated that Thrombodynamics can be used for per-
sonalized anticoagulant therapy, effectively reducing the risks of thrombosis and other adverse outcomes 
(110-112), as detailed in Table T2. Additionally, Thrombodynamics detects the excessive doses of anticoagu-
lation, corroborated by observed bleeding events (81, 113). 
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Table T2. Results of clinical usage of Thrombodynamics to assess the risk of thrombotic complica-
tions and their prevention. 

Patients Outcome % of patients with 
adverse outcomes Conclusion Ref

. 
Observational cohort studies 

80 patients with colorectal cancer 
after surgery having high risk of 

thrombosis according to the 
Caprini score and receiving 

standard thromboprophylaxis 
(elastic compression + 40 mg 

enoxaparin once daily). 

The presence/absence 
of deep vein throm-

bosis in the early post-
operative period 
(symptomatic or 

asymptomatic - as-
sessed by ultrasound 
on the 8th day after 

surgery). 

26.3% (21 patient) 

Thrombodynamics enhances the 
predictive ability of the Caprini 

score (AUC increases from 0.839 ± 
0.045 to 0.924 ± 0.029) in patients 
undergoing extensive surgical in-
terventions regarding deep vein 

thrombosis. 

84 

59 patients with prostate cancer 
after surgery having high risk of 

thrombosis according to the 
Caprini score and receiving 

standard thromboprophylaxis 
(elastic compression + 0.3 or 0.6 
mL (for weight exceeding 70 kg) 

of nadroparin once daily). 

The presence/absence 
of deep vein throm-

bosis in the early post-
operative period 
(symptomatic or 

asymptomatic - as-
sessed by ultrasound 

on days 3 and 10-14 af-
ter surgery). 

5.1% (3 patients) 

TDX-V exceeding 43 μm/min be-
fore the initial administration or 
within 3 hours after injection of 

nadroparin calcium was associated 
with an increased risk of develop-
ing VTE (two-sided Fisherʹs exact 

test, p = 0.0172). 

100 

80 patients admitted to the hospi-
tal for non-cardiac surgical proce-

dures. 
Before surgery, LMWH therapy 
was given to 34.6% (n = 9) of pa-
tients. In the postoperative pe-

riod, VTE prophylaxis with 
LMWH was in 58.8% (n = 46) of 

patients. 

The presence/absence 
of deep vein throm-

bosis in the early post-
operative period. 

2.5% (2 patients) 

The initial growth rate of the clot 
in patients with thrombosis was 
significantly higher compared to 

other patients during the first post-
operative day: 61.0 ± 1.83 vs. 52.1 ± 

12.2 μm/min (t-test, p = 0.004). 

83 

153 COVID-19 patients observed 
in a hospital setting. All patients 
received therapeutic LMWH (n = 

108, except for ECMO patients 
who received UFH (n = 15). 

Thrombodynamics, thromboelas-
tography, and standard clotting 

assays were performed. 

76% of patients had 
hypercoagulability on 
admission. Anticoagu-
lation resulted in hy-

pocoagulability in 
76.8% of patients and 
normal coagulability 
in 14.7% of patients. 

8.5% of patients had 
hypercoagulability 

despite anticoagula-
tion. 

Patients with COVID-19 have hy-
percoagulability on admission, an-
ticoagulation resolved hypercoag-
ulability in most patients. Correla-

tions between TEG R and K and 
TDX-V, Vi, and CS were observed. 

72 

Interventional cohort studies 
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Patients Outcome % of patients with 
adverse outcomes 

Conclusion Ref
. 

245 patients with SARS-CoV-2-as-
sociated pneumonia:  

Group I - 117 patients received 
prophylactic dose of LMWH 
(enoxaparin 40 mg once daily 

subcutaneously),  
Group II - 128 patients received 
prophylactic dose of anticoagu-

lant (enoxaparin) adjusted based 
on Thrombodynamics results 
(could be increased to 80 mg 
twice daily subcutaneously). 

The presence/absence 
of positive dynamics 
in clinical symptoms 
(improvement in pa-
tientʹs condition, re-

duction in lung tissue 
damage area, normali-

zation of laboratory 
parameters, including 
decrease in D-dimer 
levels at discharge) 

and lethal outcomes. 

No positive dynam-
ics in clinical symp-

toms: 
13.7% (14 patients) 
in Group I, 4.1% (5 
patients) in Group 

II. 
Mortality outcome: 
6.4% (7 patients) in 

Group I, 0% in 
Group II. 

Positive dynamics was identified 
1.8 times more frequently in pa-
tients of Group II compared to 

Group I (p < 0.05). 
By the end of the study, the num-
ber of deaths in Group I exceeded 
those in Group II by 3.3 times (p < 

0.01). 
No haemorrhagic complications 
were registered in either group. 

110 

A total of 106 patients with severe 
COVID-19 who were admitted to 
the ICU and had no prior history 
of COVID-19 treatment were in-
cluded in the study. After inclu-
sion in the protocol, all patients 

were divided into 2 groups:  
Group A - 49 patients received 
dosage of LMWH adjusted ac-

cording body weight. 
Group B - 57 patients received 

dosage of LMWH adjusted based 
on Thrombodynamics results. 

The presence/absence 
of thrombosis, pulmo-
nary embolism, stroke 
and clinically signifi-
cant bleeding (BARC 

types 2-5). 

Thrombosis: The in-
cidence of throm-
bosis was 3 times 
lower in Group B, 

where anticoagula-
tion was performed 
under TD control, 

compared to Group 
A without TD con-
trol (7% vs 23%). 
Bleeding: There 

were no clinically 
significant bleeding 
episodes in Group 
B, and there were 3 
episodes in Group 
A: neck hematoma 
in one patient, glu-
teal hematoma with 

hip hematoma in 
the second patient 

and inguinal hema-
toma with hip he-

matoma in the 
third. The number 
of outcomes is not 
enough for statisti-

cal analysis. 

The use of Thrombodynamics to 
monitor LMWH prophylaxis in 
patients with severe COVID-19 

significantly reduces the frequency 
of VTE. 

ROC analysis showed that the 
Thrombodynamics parameter 

mean clot growth rate V at the 3-
day interval (<V3>) had a high pre-
dictive power for thrombosis (area 
under the ROC curve AUC=0.83, 

Figure 9). The cutoff value for 
<V3> was 25 μm/min (sensitivity 
80%, specificity 80% for throm-

bosis detection).  
The relative risk of thrombosis if 

the mean clot growth rate <V3> ex-
ceeded the threshold value of 25 
μm/min was 14.3 (p=0.0005, 95% 

confidence interval 3.2-63.7). 

126 
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Patients Outcome % of patients with 
adverse outcomes 

Conclusion Ref
. 

61 patients who underwent TIPS 
(Transjugular Intrahepatic Porto-
systemic Shunt) without emboli-
zation of gastroesophageal veins: 
Group I (control) - 31 patients re-
ceived medication according to 
standard treatment for liver cir-

rhosis patients, 
Group II - 30 patients received an-

ticoagulant therapy based on 
Thrombodynamics results. 

The presence/absence 
of shunt thrombosis 

(assessed by the pres-
ence/absence of flow 
through the shunt), 

follow-up period 
ranged from 6 to 36 

months. 

16.1% (5 patients) in 
Group I, 0% in 

Group II. 

The use of Thrombodynamics to 
monitor LMWH prophylaxis in 

patients with liver cirrhosis under-
going transjugular intrahepatic 

portosystemic shunt surgery sig-
nificantly reduces the frequency of 

VTE in the postoperative period 
(exact two-sided Fisherʹs test 

<0.001). 

111 

Patients having high risk of 
thrombosis due to malignant neo-

plasms of the gastrointestinal 
tract, undergoing surgical treat-

ment: 
Group I - 77 patients received 
prophylactic dose of LMWH 
(enoxaparin 40 mg once daily 

subcutaneously), 
Group II - 64 patients received 

prophylactic dose of anticoagu-
lant (enoxaparin) adjusted based 

on Thrombodynamics results 
(could be increased to 60 mg once 

daily subcutaneously). 

The presence/absence 
of proximal throm-

bosis and pulmonary 
embolism on days 7-10 

after surgery. 

14.3% (11 patients) 
in Group I 

4.7% (3 patients) in 
Group II. 

The use of thrombodynamics to 
monitor LMWH prophylaxis in 

oncology patients having high risk 
of thrombosis significantly reduces 
the frequency of VTE in the post-
operative period (Fisherʹs exact 

test <0.05). 

101 

 



 

Figure T2. Sensitivity of Thrombodynamics to different types of anticoagulants. Fibrin clot growth 
curves before (red curve) and after (blue curve) anticoagulation. The black curves represent clot 
growth in plasma of a healthy donor.  (A) - before and 2 hours after an injection of 10000 IU of UFH; 
(B) - before and 4 hours after an injection of 3000 IU of LMWH; (C) - before and one week after 
starting warfarin therapy at a dose of 5 mg/day; (D) - before and 2 hours after taking 110 mg of 
dabigatran etexilate; (E) - before and 2 hours after taking 15 mg of rivaroxaban. 

Coagulopathies 
Clinical studies show Thrombodynamics sensitivity to severe coagulation factor deficiencies. Examination of 
patients with severe hemophilia A showed a decrease in TDX-V to 14 μm/min, failing to reach the lower limit 
of normal (20 μm/min) in any patient (114). Patients having sepsis or septic shock exhibited a decline in TDX-
V over several days leading to a hypocoagulability state just before death (likely due to disseminated intra-
vascular coagulation and total depletion of clotting factors) (42). In such cases, Thrombodynamics parameters 
can serve as prognostic indicators of mortality. Additionally, a sharp decrease in TDX-V, associated with fatal 
outcomes, has been recorded in severe infectious diseases (94). 

Obstetrics 
Pregnancy, childbirth, and the early postpartum period are times of increased risk for thrombosis develop-
ment, with several associated pathologies linked to a very high risk of thrombotic complications (115). In 
addition, infertility and miscarriage in some cases have causes related to hypercoagulability and, conse-
quently, disturbances in placental blood flow. 

Thrombodynamics adequately reflects physiological enhancement of coagulation during normal pregnancy 
(116, 117). Women with a history of miscarriage exhibit hypercoagulability disorders according to Throm-
bodynamics (118), and IVF programs are less effective in patients with Thrombodynamics-detected hyper-
coagulability before the protocol initiation (119). Hemostasis in women after cesarean section shows a state 
of hypercoagulability according to Thrombodynamics, which is not resolved even with prophylactic doses 
of LMWH in half of the patients, indicating the need for individualized anticoagulant dosing and hemostasis 
monitoring (83). Clinical cases demonstrate that using Thrombodynamics to monitor anticoagulation allows 
achieving pregnancy and successfully completing childbirth (120, 121). 
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Pediatrics and neonatology 
Thrombodynamics in children from one to 18 years has shown no significant differences in coagulation com-
pared to adults (85, 122). On the other hand, healthy full-term newborns in the first three days of life demon-
strate enhanced coagulation: spontaneous clot formation (123). This phenomenon is likely related to the de-
ficiency of coagulation inhibitors observed in newborns. 

Research on hemostasis in preterm infants has shown even greater enhancement of coagulation compared to 
full-term infants (123). Newborns with necrotizing enterocolitis demonstrate pronounced hypercoagulation 
compared to newborns of the same gestational age without inflammation (124). Additionally, a clinical case 
has been described where Thrombodynamics facilitated successful selection of anticoagulant therapy for a 
newborn with congenital heart defect undergoing treatment for right atrial thrombosis (125). 
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