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SUMMARY COVID-19 is a disease that, in addition to respiratory failure, leads to thrombosis and bleeding due to coagulation disorders. 
Extracorporeal membrane oxygenation (ECMO), required in cases of a deterioration of gas exchange function of the lungs, contributes to 
changes in blood coagulation indicators, which leads to an increased risk of hemorrhagic complications and thrombosis. In the article, a clinical 
case of a severe course of COVID-19 is reported, which required ECMO. During the treatment, antithrombin-III was used, which allowed avoiding 
life-threatening complications and successfully completing the procedure. 
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AСT  - activated clotting time 
ALV - artificial lung ventilation 
ARDS  - acute respiratory distress syndrome 
APTT  - activated partial thromboplastin time 
AT-III - antithrombin-III 
CT - computed tomography 
ECMO - extracorporeal membrane oxygenation 
ELWI  - extravascular lung water index 
GEF - global exile faction 
Ig - immunoglobulins 
INR - international normalized ratio 
RRT - renal replacement therapy 
PT - prothrombin time 
PCCI - continuous cardiac output index 
PCR - polymerase chain reaction 
PEEP - positive end-expiratory pressure 
PICCO - cardiac output, determined by the shape of the pulse wave 
SVRI - systemic vascular resistance index 
SVV - stroke volume variability 
VVECMO - veno-venous extracorporeal membrane oxygenation 
 

The new coronavirus infection (SARS-CoV-2) has forced us to rethink the treatment of acute respiratory 
distress syndrome (ARDS) in many ways. One of the characteristic features of the course of SARS-CoV-2 is 
a high risk of thrombosis, which greatly complicates the use of extracorporeal support methods, in 
particular, extracorporeal membrane oxygenation (ECMO) [1], the technique that has no alternative in 
critical patients [2] . Unfortunately, when using ECMO in these patients, mortality exceeded 50% [3, 4], and 
thrombosis and bleeding were among the reasons contributing to an unfavorable outcome [5, 6]. 
Etiologically, thrombosis in these conditions may be closely associated with the development of 
multisystem inflammatory syndrome in patients with COVID -19 [7]. 

Patients in intensive care units with severe cases of COVID-19 often require extracorporeal therapies 
such as ECMO and renal replacement therapy (RRT) to compensate for partially or completely lost organ 
functions [8–10]. The use of ECMO and RRT, however, leads to excessive stimulation of the coagulation 
systems due to blood contact with various non-physiological surfaces and, as a result, thrombosis of the 
vascular bed or components of extracorporeal circuits [11], which can lead to the cessation of these auxiliary 
systems. In this regard, adequate anticoagulant therapy is required during such procedures, usually with 
unfractionated heparin [12, 13]. Moreover, the increased propensity for thrombosis, combined with an 
excessive systemic inflammatory response observed in patients with COVID -19, in view of the above, leads 
to the conclusion that more intensive anticoagulant therapy is needed [14, 15]. 

Monitoring the adequacy of heparinization is a key element in maintaining the delicate balance between 
bleeding and thrombosis. Activated partial thromboplastin time (APTT) reflects the state of the internal 
coagulation pathway and is taken into account most often [16, 17]. Parameters such as activated clotting 
time and activity of Antithrombin-III (AT-III) are also subject to measurement [17]. 

If it is necessary to use more than 35 000 IU of unfractionated heparin within 24 hours to achieve the 
target level of APTT, the development of heparin resistance due to AT-III deficiency can be assumed [18]. 
AT-III-independent forms of heparin resistance (the so-called "obvious" or "pseudo" forms) can also be 
caused by high concentrations of coagulation factor VIII, fibrinogen or platelets [19–21] 

The control of AT-III activity during ongoing heparin infusion in ECMO is still a matter of debate. The 
optimal concentration of circulating AT-III remains unknown. Despite this, the use of recombinant 
antithrombin or antithrombin concentrate during ECMO is becoming increasingly common [22,23]. 

The aim of the clinical observation is to describe the experience of using AT-III during a long-term 
ECMO procedure in a patient with SARS-CoV -2-associated pneumonia and concomitant bacterial infection. 

A 46-year-old patient was transferred to N.V. Sklifosovsky Institute from another hospital on Jan 16, 2021 
on the 25th day from the onset of the disease with a diagnosis of: "Coronavirus infection caused by the COVID-
19 virus, community-acquired polysegmental pneumonia, acute respiratory failure of the hypoxic type." 
Resection of the upper lobe of the left lung in history. 

Upon admission to the hospital, the patient's condition was regarded as extremely serious, due to severe 
respiratory failure against the background of progressive pneumonia, which could not be compensated by 
artificial lung ventilation (ALV) in the A/C mode (IPPV) with a controlled volume, oxygen fraction in the inhaled 
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gas mixture (FiO2 ), equal to 100%, positive end-expiratory pressure (PEEP) 10 cm of water column, low blood 
oxygen saturation - SpO2 was 88%, intoxication and developing multiple organ failure. 

On the day of admission, computed tomography (CT) was performed, which revealed CT signs of severe 
infiltrative-inflammatory changes in both lungs (CT-3, right lung — 50–75%, left lung — 25–50%), bilateral 
hydrothorax and unexpressed intrathoracic lymphadenopathy. 

Tracheobronchoscopy revealed erosive mucopurulent tracheobronchitis with hemorrhagic component. 
At the same time, a study was performed for antibodies to SARS-CoV-2: the content of IgM was 01.78, and 

IgG - 387.91, and a polymerase chain reaction (PCR) study was performed: ribonucleic acid (RNA) SARS-CoV- 2 
was detected. 

According to the results of ultrasound examination: echocardiographic (EchoCG) signs of thrombosis in the 
visualized veins of the lower extremities were not detected, echo signs of occlusive thrombosis of the saphenous 
veins of both upper extremities were found. 

In the period from Jan 17, 2021 to Jan 23, 2021, the patient's condition was characterized as extremely 
severe, without significant dynamics. In accordance with the results of laboratory tests, antibiotic therapy was 
adjusted. Medical sedation was discontinued, the patient was clearly conscious. 

On Jan 24, 2021, a negative trend was noted — an increase in respiratory acidosis and a significant decrease 
in SpO2 . The level of consciousness was a superficial stunning. Decompensation of respiratory failure was an 
indication for veno-venous (VV) peripheral ECMO (in accordance with the interim guidelines of the Ministry of 
Health of the Russian Federation "Prevention, diagnosis and treatment of a new coronavirus infection (COVID -
19)" dated 10/26/2020: decrease in the PaO index2 /FiO2 below 80 mm Hg and (or) hypercapnia with pH less 
than 7.2, despite protective ventilation in the prone position for 10-12 hours, with PaO2 45 mm Hg, PaCO2 115 
mm Hg, FiO2 100%, pH 7.15 PEEP 10 mm Hg, tidal volume (TV) 300 ml and SpO2 75%). 

Cannulation was performed through the femoral vein on the right and the jugular vein on the right with 
cannulas 24 Fr and 18 Fr, respectively. At the beginning of the ECMO procedure, the following support 
parameters were set: 4 l/min of the volumetric blood flow rate and 7 l/min of the flow of 100% oxygen to the 
oxygenator. Laboratory indicators of the gas composition of arterial blood were determined at the level: pO2 64 
mm Hg, paCO2 37 mm Hg, SpO2 - 95% with an ECMO recirculation fraction of less than 15%. 

PICCO monitoring was initiated: PCCI 4.5, SVV 8%, ELWI 14, SVRI 1500, GEF 28%. Hemodynamics was stable, 
without vasotropic support. Consciousness was clear. RRT, respiratory support, VV ECMO, dynamic monitoring 
with symptomatic therapy, procedures for the prevention of thromboembolic and infectious complications, as 
well as antibiotic therapy were carried out. 

In the period from Jan 26, 2021 to Jan 30, 2021, the patient's condition remained stable. 
On Jan 31, 2021, there was a need for a progressive increase in FiO2 on a ventilator, while during a routine 

preventive examination of the ECMO circuit, a dysfunction of the oxygenator membrane was observed due to 
its thrombosis, after which the set was replaced. 

From Feb 1, 2021, the patient's condition was assessed as extremely serious and stable. The degree of 
respiratory support progressively decreased in accordance with the patient's capabilities, anticoagulant therapy 
with sodium heparin, antibacterial and symptomatic therapy, and gradual activation of the patient were 
performed. 

On Feb 8, 2021, there was a need to increase heparinization, accompanied by an increase in the volume of 
the hemorrhagic component in the discharge from the respiratory tract during sanitation. According to the 
results of laboratory data, the level of activity of AT-III was 67%. When calculating according to the formula: 
Required dose (ME) of AT-III = body weight (kg) × (target level - initial level of activity [%]) × 0.5. AT-III was 
prescribed in the amount of 1 000 IU. 

In the period from Feb 9, 2021. As of Feb 13, 2021, the trend towards an increase in the volume of 
spontaneous breathing continued with a decrease in the parameters of respiratory support both on mechanical 
ventilation and on ECMO. On Feb 14, 2021, training was started with a short-term shutdown of the gas supply 
to the oxygenator, which the patient tolerated mainly without clinically significant changes, until Feb 22, 2021, 
an increase in PaCO2 was observed up to 85 mm Hg, which did not affect the clinical picture. The activation on 
the bed was initiated, sessions of physiotherapy exercises were performed. 

On Feb 22, 2021, after a successful preliminary shutdown of the gas supply to the oxygenator for more than 
24 hours, a decision was made to terminate ECMO (table).
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T a b l e  
Dynamics of coagulation indices and dosages of sodium heparin 

Indicator 
 

Reference -
values 

 

Date/day of ECMO 

24
.0

1/
1 

 25
.0

1/
2 

 26
.0

1/
3 

 27
.0

1/
4 

 28
.0

1/
5 

 01
/2

9/
6 

 30
.0

1/
7 

 31
.0

1/
8 

 01
.0

2/
9 

 02
.0

2/
10

 
 03

.0
2/

11
 

 04
.0

2/
12

 
 05

.0
2/

13
 

 06
.0

2/
14

 
 07

.0
2/

15
 

 

Day of disease 

32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 

APTT, sec 25.4–38.4 60.6 159.9 53.4 38 29.6 44.6 29.3 44 50 37.1 42.6 33.3 39.9 34.9 35.0 

Prothrombin, % 70–130 62.5 53 77 87 57.6 100 97 68.7 100 83 73 61  91  

INR 0.80–1.20 1.32 1.62 1.20 1.11 1.60 1.00 1.02 1.23 1.00 1.14 1.25 1.44  1.07  

PT, sec 9–13  19 14 13  12 12  12 13 15 17  13  

Fibrinogen, g/l 2.0–3.93 2.75 2.83 3.10 2.67 2.15 3.01 2.52 1.82 3.68 4.42 3.77 4.36  4.08  

AT-III,% 75–125                

Heparin, IU/hour  1200 1100 600 750 1000 2500 700 800 800 1000 1500 1500 1000 750 750 

 
Indicator 

 
Reference -

values 
 

Date/day of ECMO 

08
.0

2/
16

 
 09

.0
2/

17
 

 10
.0

2/
18

 
 11

.0
2/

19
 

 12
.0

2/
20

 
 02

/1
3/

21
 

 14
.0

2/
22

 
 02

/1
5/

23
 

 16
.0

2/
24

 
 02

/1
7/

25
 

 18
.0

2/
26

 
 02

/1
9/

27
 

 02
/2

0/
28

 
 02

/2
1/

29
 

 02
/2

2/
30

 
 

Day of disease 

47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 

APTT, sec 25.4–38.4 41.6 29.9 30.3 30.0 40.0 47.7 39.9 35.3 36.6 31.0 113 33.3 34.4 44.5 56.5 

Prothrombin, % 70–130 101 72.9 88 95 93 79 68.1 89 72.3 66.4 44 65.0 77 70.4 44 

INR 0.80–1.20 0.99 1.31 1.10 1.04 1.05 1.19 1.38 1.09 1.32 1.42 1.55 1.23 1.13 1.34 1.55 

PT, sec 9–13 12  13 12 12 14  13   18 14 13  18 

Fibrinogen, g/l 2.0–3.93 3.21 1.98 1.88 2.44 2.16 2.65 1.23 1.45 1.89 1.50 1.45 1.49 1.42 1.99 1.55 

AT-III,% 75–125 67  74     68   65    82 

Heparin, IU/hour - 1600 900 1500 1500 1500 1050 900 1400 1750 1000 1500 900 1000 900 900 

Notes: APTT — activated partial thromboplastin time; INR - international normalized ratio; PT, prothrombin time; AT-III - antithrombin-III 
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The patient was successfully weaned off ECMO on the 30th day of the procedure. During the observation 
period, a relation was noted between episodes of coagulation disorders and a decrease in the level of AT-III in 
the blood, which complications were avoided by timely replenishment of its deficiency (figure). 

 

Figure. Dynamics of an inflammatory response marker during extracorporeal membrane oxygenation (ECMO) 

DISCUSSION 

In this case, it should be noted that the severity of clinical manifestations of coagulopathic disorders 
remained clear throughout the entire period of ECMO use, in particular, episodes of bleeding from the 
respiratory tract that were well visualized at the patient’s bedside in case of erosive purulent-hemorrhagic 
tracheobronchitis, as well as well-traced dynamics of extracorporeal thrombosis contour, expressed in a 
decrease in the function of the oxygenator. Prior to the use of AT-III, thrombosis of the extracorporeal 
circuit in the absence of clear predictors, maintaining a sufficiently high volumetric blood flow velocity 
along the circuit, existing heparin coverage in a relatively recent ECMO setting, and difficulty in finding a 
balanced dosage of sodium heparin due to active coagulation disorders associated with severe systemic 
inflammatory response in SARS-COV-2, prompted the search for an additional method of monitoring the 
blood coagulation system in order to prevent critical disorders. Attention is drawn to the fact that already 
on the 8th day thrombosis of the circuit occurred, suggesting its immediate replacement, while the previous 
routine practice of using IV-V ECMO allowed the use of an oxygenator for a much longer period [24]. Setting 
high values of assisted perfusion parameters at the start of ECMO was due to the need to correct clinically 
significant respiratory acidosis [25], since the use of extracorporeal circulation circuits, as a rule, leads to a 
decrease in the level of blood plasma proteins responsible for coagulation, such as AT-III, fibrinogen and 
von Willebrand factor [26]. Considering that the new coronavirus disease is associated with an increased 
risk of thrombosis [27] and requires anticoagulant therapy even without the use of the aforementioned 
circuits, the issue of maintaining coagulation balance is particularly acute. The effectiveness of sodium 
heparin directly depends on the level of antithrombin, and a hyperinflammatory systemic response leads 
to its decrease, due to which anticoagulant therapy may lose its properties in the development of heparin 
resistance [28]. According to the mechanism of action of AT-III, its use leads to a decrease in the need for 
excessive heparinization, which in our case corresponded to the expected effect and made it possible to 
avoid significant hemorrhagic complications with a safe amount of anticoagulant therapy in terms of the 
risk of thrombosis. 

CONCLUSIONS 

1. Successful weaning of a patient with a critical course of COVID-19 from extracorporeal membrane 
oxygenation is an extremely difficult task and requires the use of all modern technologies of modern 
resuscitation. 

2. Control and correction of the state of hemostasis is one of the important tasks in long-term 
extracorporeal membrane oxygenation. 

3. The use of Antithrombin-III (as a result of a decrease in its level in the blood) makes it possible to 
provide optimal conditions for the long-term operation of the extracorporeal membrane oxygenation 
system. 
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