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A B S T R A C T

Background: Patients with severe acute respiratory distress syndrome (ARDS) show a high mor
tality rate of up to 60 %. In such cases, extracorporeal membrane oxygenation (ECMO) support is 
often required, which would necessitate anticoagulation therapy, predominantly with heparin. 
Some bleeding events occurred more frequently in patients during the COVID-19 pandemic who 
were on venovenous (V-V) ECMO, so it is necessary to investigate whether anticoagulation 
management should be adjusted.
Methods: We collected data on 90 patients with severe ARDS who underwent ECMO support at the 
University Hospital Magdeburg between 2014 and 2022. In order to estimate the role of anti
coagulation therapy as a cause of bleeding, patients were divided into two groups based on their 
mean activated partial thromboplastin time (aPTT): one group with a mean aPTT of more than 58 
s (45 patients) and another with a mean aPTT of less than 58 s (45 patients). Demographic data, 
data before, during ECMO support, and bleeding complications were retrospectively recorded. We 
compared laboratory parameters before ECMO, essential coagulation parameters on days 3, 7, 10 
of ECMO support, before the bleeding event occurred, and analyzed hospital survival in both 
groups.
Results: The incidence of major bleeding complications was significantly higher in the group of 
patients with higher aPTT (68.9 % vs 33.3 %, p < 0.001), the differences in the occurrence of 
hemothorax were especially significant (28.9 % vs 2.2 %, p < 0.001). We observed better hospital 
patients’ survival in the group with lower aPTT (40.0 % vs 68.9 %, p = 0.006). The results of the 
bivariate analysis indicate that the independent predictors of hospital mortality in adult patients 
receiving V-V ECMO support due to severe ARDS were COVID-19 (OR: 3.504; 95 % confidence 
interval [CI]: 1.415–8.681, p = 0.007) acute liver failure (OR: 8.0000; 95 % CI: 1.692–37.822; p 
= 0.009), high antithrombin level (%) (OR: 1.036; 95 % CI: 1.003–1.071, p = 0.035). A high 
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mean aPTT level increased the risk of major bleeding (OR: 1.080; 95 % CI: 1.016–1.148, p =
0.014) without a significant increase in mortality.
Conclusion: Prolonged aPTT during V-V ECMO support in patients with ARDS significantly im
pacts the risk of major bleeding, especially hemothorax, without significant increase in hospital 
mortality.

1. Introduction

During the Coronavirus Disease 2019 (COVID-19) pandemic, health systems encountered an enormous mass of patients with severe 
acute respiratory distress syndrome (ARDS) who required extracorporeal membrane oxygenation (ECMO) support. These demanding 
circumstances in which the issue of bleeding prevention has emerged again should be precisely investigated. According to published 
data, the incidence of severe bleeding in patients with ARDS due to severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) was 
30.9–57.7 % [1–3]. At the same time, many reports have been published regarding the increased risk of thrombosis (11.4–30.1 %) in 
patients with COVID-19 [4,5]. This conclusion was explained in part due to the finding that patients with severe pneumonia caused by 
SARS-CoV2 had higher platelet counts as well as markedly elevated D-dimer than patients with non-SARS-CoV2 pneumonia [6]. As a 
result, a number of medical centers in different countries have confirmed the use of higher than usual doses of anticoagulants in 
patients on ECMO as a result of ARDS due to COVID-19 [7].

The objective of this study was to compare coagulation parameters not between severe COVID-19 and severe pneumonia caused by 
other pathogens but based on the level of anticoagulation with heparin/argatroban depending on the level of aPTT by retrospective 
analysis, which may be useful to choose an adequate level of anticoagulation during ECMO support.

2. Materials and methods

2.1. Study design

We collected data from 154 patients with severe ARDS admitted to the ICU between 2014 and 2022. This study employs a 
retrospective cohort design, utilizing the database of admissions to multiple intensive care units at the University Hospital Magdeburg. 
We selected patients who received V-V ECMO because of severe ARDS due to pneumonia, which fulfilled the Berlin Definition Criteria 
[8]. The study population was limited to patients who did not present with polytrauma (n = 8), recent cardiac surgery or partial lung 
resection (n = 38), and acute pancreatitis (n = 3).

In a previous study, we observed that despite low aPTT on the monitored days of V-V ECMO support patients could suddenly 
develop an acute bleeding event on a subsequent day when the aPTT was for some reason dramatically prolonged [3].

In order to categorise patients into high and low aPTT groups, the median value (58.1 seconds [s]) from the mean aPTT of several 
determined time points during ECMO support was taken as the dividing point (Fig. 1). Specifically, the values of essential clotting 
parameters were selected on days 3, 7, and 10 of ECMO support, immediately prior to the onset of major bleeding, and prior to ECMO 
explantation in the absence of bleeding. This approach enabled the mean aPTT to be monitored throughout the entire ECMO support 
period, thereby enhancing the objectivity of the analysis.

Following the division of patients into two groups, significant differences in baseline covariates were identified among the 105 

Fig. 1. Variation of aPTT values in both groups, grouping by a median APTT 58.1 s.
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patients. In particular, the group with low aPTT included all patients with hematological malignancy and a significantly higher number 
of immunocompromised patients, and the group with high aPPT had significantly more patients with chronic renal failure. In order to 
achieve more homogeneity across groups, propensity score matching was performed with the groups aligning on the three afore
mentioned parameters. Following the matching procedure, the study cohort comprised 90 patients, with 45 patients in each group.

Baseline covariates included demographics (age, sex), comorbidities, duration of pulmonary ventilation before ECMO, and the 
presence of COVID-19. The time-varying covariates included laboratory parameters obtained prior to and during the course of ECMO 
support, with a particular focus on the most relevant blood coagulation parameters. Additionally, complications associated with 
extracorporeal therapy were considered. This observational retrospective study was approved by the Ethics Committee of the Otto- 
von-Guericke University of Magdeburg (AZ 48/22).

2.2. Anticoagulation therapy

As an anticoagulant, most patients received intravenous heparin therapy (600–2000 U/hour) throughout the entire V-V ECMO 
support period, the remaining patients received argatroban in case of heparin-induced thrombocytopenia or strong presumption of it. 
The aPTT was monitored every 8 h. Antithrombin (AT) levels were measured once daily in the morning, and in case of supplementation 
12 h after therapy. If AT levels had dropped, patients received 1000 IU of AT III (Beriplex, Behring, Marburg, Germany or Alternativ, 
Octapharma Biopharmaceuticals, Heidelberg, Germany) as bolus (administered over 30 min) for every missing 10 % AT in the blood to 
maintain AT activity levels of 70–120 %.

2.3. Outcomes

The primary outcome was a hospital survival rate following the application of ECMO. Secondary outcome included the incidence of 

Table 1 
Baseline characteristics of the entire patient collective and the subgroups with PTT higher and lower than 58 s.

Baseline characteristics All patients, n = 90 Group with PTT more than 58 s, n =
45

Group with PTT less than 58 s, n =
45

p- 
value

Age 56.2 ± 13.7 56.8 ± 11.1 55.7 ± 16.0 0.725
Male 67 (74.4 %) 34 (75.5 %) 33 (73.3 %) 0.809
BMI 29.3 (24.7–32.8) 29.2 (25.2–33.2) 29.4 (24.3–32.9) 0.750
Mechanical ventilation before ECMO 

(day)
4.0 (1.0–9.0) 6.0 (1.0–9.5) 3.0 (1.0–8.5) 0.628

Site of cannulation:
- Femoro-jugularis 20 (22.2 %) 8 (17.8 %) 12 (26.7 %) 0.310
- Femoro-femoralis 70 (77.8 %) 37 (82.2 %) 33 (73.3 %) 0.310
Anticoagulation with argatroban 20 (22.2 %) 10 (22.2 %) 10 (22.2 %) 1.000
Chronic kidney disease 7 (7.8 %) 5 (11.1 %) 2 (4.4 %) 0.238
Autoimmune disease 3 (3.3 %) 2 (4.4 %) 1 (2.2 %) 0.557
Hypertension 54 (60 %) 27 (60 %) 27 (60 %) 1.000
Ischemic heart disease 13 (14.4 %) 7 (15.6 %) 6 (13.3 %) 0.764
Diabetis 25 (27.8 %) 12 (26.7 %) 13 (28.9 %) 0.814
Lung disease before 18 (20 %) 11 (24.4 %) 7 (15.6 %) 0.292
Immunocompromised status 11 (12.2 %) 3 (6.7 %) 8 (17.8 %) 0.108
Acute liver failure before ECMO 6 (6.7 %) 4 (8.9 %) 2 (4.4 %) 0.398
COVID-19 54 (60.0 %) 32 (71.1 %) 22 (48.9 %) 0.031
Another viral lung infects 27 (30.0 %) 10 (22.2 %) 17 (37.8 %) 0.107
Influenza A 2 (2.2 %) 0 (0 %) 2 (4.4 %) 0.153
Influenza B 1 (1.1 %) 0 (0 %) 1 (2.2 %) 0.315
RSV 1 (1.1 %) 0 (0 %) 1 (2.2 %) 0.315
Herpes Simplex 17 (18.9 %) 8 (17.8 %) 9 (20.0 %) 0.788
Cytomegalovirus 4 (4.4 %) 1 (2.2 %) 3 (6.7 %) 0.306
Epstein Barr Virus 2 (2.2 %) 1 (2.2 %) 1 (2.2 %) 1.000
Bacterial lung infection 53 (58.9 %) 25 (55.6 %) 28 (62.2 %) 0.520
Clebsiella pneumoniae 14 (15.6 %) 6 (13.3 %) 8 (17.8 %) 0.562
Staphylococcus aureus 8 (8.9 %) 2 (4.4 %) 6 (13.3 %) 0.138
Pseudomonas aeruginosa 6 (6.7 %) 2 (4.4 %) 4 (8.9 %) 0.398
Stenotrophomonas maltophilia 3 (3.3 %) 0 (0 %) 3 (6.7 %) 0.078
Serratia marcescens 4 (4.4 %) 3 (6.7 %) 1 (2.2 %) 0.306
Proteus mirabilis 5 (5.6 %) 3 (6.7 %) 2 (4.4 %) 0.645
Streptococcus pneumoniea 6 (6.7 %) 3 (6.7 %) 3 (6.7 %) 1.000
Escherichia coli 13 (14.4 %) 5 (11.1 %) 8 (17.8 %) 0.368
Enterobacter cloacae 5 (5.6 %) 1 (2.2 %) 4 (8.9 %) 0.167
Candida species 2 (2.2 %) 0 (0 %) 2 (4.4 %) 0.153
Pneumocystis jiroveci 3 (3.3 %) 2 (4.4 %) 1 (2.2 %) 0.557
Acinetobacter baumanii 2 (2.2 %) 1 (2.2 %) 1 (2.2 %) 1.000
Lung superinfection 44 (48.9 %) 22 (48.9 %) 22 (48.9 %) 1.000
Aspiration 4 (4.4 %) 1 (2.2 %) 3 (6.7 %) 0.306

B. Kuzmin et al.                                                                                                                                                                                                        Heliyon 10 (2024) e40417 

3 



complications, major bleeding events (hemothorax, cerebral, gastrointestinal, endobronchial, retroperitoneal, cannulation-side 
bleeding, epistaxis, neck-bleeding [tracheostoma], chest-wall hematoma), thrombotic events (lung embolism, circuit change 
because of thrombosis), and duration of ECMO. Secondary outcomes also encompassed laboratory parameters preceding and during V- 
V ECMO, with a particular focus on the most critical coagulation parameters on days 3, 7, and 10 of ECMO, as well as immediately prior 
to bleeding or ECMO explantation. These values and frequencies of occurrence were compared in analyses of groups with mean aPTT 
higher than 58 s and lower than 58 s.

2.4. Statistical analysis

We conducted a comparative analysis of the baseline patient demographics (age, sex, body mass index, comorbidities), duration of 
ECMO, laboratory values, and complications, as well as blood component transfusions and outcomes between the two groups. Our 
analysis encompassed a range of complications, including bleeding, thromboembolic events, stroke, acute liver failure, pneumothorax, 
abdominal compartment syndrome, exploratory laparotomy/intestinal ischemia, thrombocytopenia, lung abscess, pleural empyema, 
and other complications.

We utilize the SPSS 29 software (IBM, Armonk, New York, USA) for statistical analysis. The graphs were generated using Microsoft 
Excel and SPSS version 29 (IBM, Armonk, New York, USA). Normality of distribution was proved using Kholmogorov-Smirnov test. The 
data was subjected to a two-factor independent t-test or Mann-Whitney U test to facilitate a univariate comparison of numerical 
variables. A chi-square test was employed to analyze categorical variables. The data are presented as either the mean ± standard 
deviation for numeric variables that follow a normal distribution or the median (interquartile range; IQR) for those that do not. 
Categorical data are expressed as a number and subsequently transformed into a percentage. The level of significance was defined as α 
= 0.05. Bivariate logistic regression was employed to ascertain the independent predictors of hospital mortality across the entire 
population. The most significant complications and laboratory values were subjected to analysis using the logistic regression method 
[9].

3. Results

3.1. Patients

Between 2014 and 2022, 154 patients required V-V ECMO support due to severe ARDS at the University Hospital of Magdeburg. 
After applying exclusion criteria and adjustment, 90 patients with severe ARDS receiving V-V ECMO support were included in this 
study. The etiological cause of ARDS in 54 (60.0 %) patients was COVID-19, 20 (22.3 %) patients had bacterial pneumonia, 12 (13.3 %) 
patients were identified as suffering from other viral pneumonias (Influenza A and B viruses, respiratory syncytial virus, Cytomega
lovirus), and 4 (4.4 %) patients had aspiration without an identified pathogen.

Most patients were men (67/90; 74.4 %), which was the comparable ratio for both groups (Table 1). The mean age of the par
ticipants fell within the range of 56.2 ± 13.7 years (56.8 ± 11.1 years in group with aPTT more than 58 s; 55.7 ± 16.0 years in the 
group with aPTT less than 58 s, p = 0.725). After adjustment, there were essentially no substantial discrepancies in comorbidities 
between the two groups, except a higher number of COVID-19 in the high-aPTT group. The same applies to laboratory parameters, 
which did not differ significantly between patients in both groups before the application of V-V ECMO (Table 2). Patients received in 

Table 2 
Laboratory parameters before ECMO support of the entire patient collective and the subgroups with aPTT higher and lower than 58 s.

Laboratory parameters before VV ECMO

All patients, n = 90 Group with PTT more than 58 s, n = 45 Group with PTT less than 58 s, n = 45 p-value

Horowitz-Index 76.0 (57.6–113.5) 81.3 (57.3–120.0) 76.0 (57.7–108.5) 1.000
pO2 (mmHg) 70.1 (57.8–80.3) 69.0 (57.0–88.0) 70.5 (58.2–79.0) 0.843
pCO2 (mmHg) 72.0 (53.0–98.3) 67.0 (51.7–90.8) 75.0 (54.5–101.5) 0.278
pH 7.22 ± 0.13 7.24 ± 0.14 7.20 ± 0.13 0.132
Lactate (mmol/l) 1.6 (1.1–2.6) 1.5 (1.1–2.6) 1.8 (1.1–2.7) 0.566
Hemoglobin (mmol/l) 6.7 ± 1.2 6.8 ± 1.2 6.7 ± 1.2 0.693
Leucocyte (109/l) 15.4 (9.5–21.2) 12.5 (9.1–21.4) 17.6 (10.2–21.2) 0.341
Platelet count (109/l) 274.6 ± 139.2 281.4 ± 124.4 267.8 ± 153.8 0.645
CRP (mg/l) 244.3 ± 125.3 247.5 ± 117.9 241.1 ± 133.6 0.808
Procalcitonine (μg/l) 1.0 (0.4–2.4) 0.9 (0.3–2.1) 1.0 (0.6–5.7) 0.136
PTT (s) 31.7 (28.3–40.0) 31.7 (28.0–40.7) 31.7 (28.8–40.0) 0.717
INR 1.20 (1.13–1.29) 1.20 (1.14–1.29) 1.20 (1.13–1.26) 0.928
Antithrombin (%) 69.3 ± 20.0 67.4 ± 19.7 71.3 ± 20.3 0.365
D-Dimer (mg/l) 6.6 ± 5.8 7.5 ± 5.1 5.7 ± 5.3 0.158
Fibrinogen (g/l) 6.0 ± 2.3 6.2 ± 2.1 5.8 ± 2.4 0.426
LDH (μmol/ls) 6.8 (5.4–10.5) 6.6 (5.4–9.8) 7.6 (5.4–11.6) 0.486
ALT (μmol/ls) 0.6 (0.4–1.6) 0.6 (0.4–1.0) 0.8 (0.4–1.8) 0.282
Creatinine (μmol/l) 95.0 (62.5–136.5) 92.5 (64.3–130.0) 99.0 (60.0–161.5) 0.684
Total bilirubin (μmol/l) 10.7 (7.5–22.0) 10.8 (7.5–20.7) 10.7 (7.4–24.7) 0.863
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most cases (77.7 %) anticoagulation therapy with intravenous heparin (600–2000 IU/hour) during the whole period of V-V ECMO 
support, the remaining patients received argathra in case of heparin-induced thrombocytopenia or strong presumption of this. Overall, 
the percentage of patients receiving argatroban was similar in both groups.

3.2. Primary and secondary outcomes

The overall hospital mortality for the total cohort amounted to 45.6 % (n = 49). A lower survival rate was observed in the group 
with high aPTT: 40.0 % versus 68.9 % (p = 0.006) (Table 3). Duration of the ECMO support was similar in both groups (15.0 
[10.5–23.5] days vs. 15.0 [9.0–21.0] days, p = 0.462). No differences were noted in terms of cannulation site or circuit change during 
V-V ECMO. Furthermore, the incidence of major complications, including renal failure requiring dialysis, abdominal compartment 
syndrome, pneumothorax, pleural empyema, tracheal/pneumomediastinum rupture, heparin-induced thrombocytopenia, and pul
monary embolism was comparable between the two groups, whereas considerable differences were observed regarding major bleeding 
events (68.9 % vs. 33.3 %, p < 0.001)) and in specific hemothorax (28.9 % vs. 2.2 %, p < 0.001).

When analyzing the main blood coagulation parameters on day 3, 7, 10 of ECMO application, we observed lower AT levels on day 7 
and 10 in patients from the high aPTT group (Table 4). The patient group whith aPTT more than 58 s exhibited also higher levels of 
platelets (161.0 [112.5–222.5] vs. 122.0 [85.5–184.0], p = 0.040), as well as elevated INR values on day 3 of ECMO therapy (1.21 
[1.14–1.38)] vs. 1.15 [1.10–1.25], p = 0.030). However, despite these observations, the INR levels remained below 3, which is 
considered clinically significant. Consequently, INR levels in the lower range of values between 1.10 and 1.38 had no appreciable effect 
on the observed bleeding rate [10,11]. Thus, patients differed in blood coagulation parameters mostly by aPTT and AT, working in the 
same anticoagulation mechanism. It is noteworthy that significant differences were observed at each time point in the mean aPTT. The 
data set includes all aPTT values for each patient and the mean aPTT scores at various time points, as illustrated in Fig. 2(A–D): the 
mean aPTT on 3rd day of ECMO support (60.9 ± 9.7 vs. 51.9 ± 8.4 s, p < 0.001) (Fig. 2, A); the mean aPTT on 7th day of ECMO 
support (59.7 ± 8.7 vs. 53.1 ± 7.2, p < 0.001) (Fig. 2, B); the mean aPTT on 10th day of ECMO support (61.8 ± 11.6 vs. 55.4 ± 10.3, p 
= 0.024) (Fig. 2C); and the mean aPTT values just before bleeding, which differed most significant (71.9 ± 12.8 vs. 57.6 ± 10.3, p <
0.001) (Fig. 2, D). The latter finding may be indicative of a correlation between peak aPTT and the occurrence of bleeding.

The next finding was that patients with prolonged aPTT had significantly lower levels of AT on the 7th and the 10th day of the V-V 
ECMO support (Table 4), although its supplementation via AT products was much more intense (270.3 [125.1–531.3] vs.130.4 
[0.0–362.5] IU/ECMO-day, p = 0.025) (Table 3). To illustrate, we present the data from Fig. 3 (A, B), which depict the mean aPTT 
values and AT levels on day 7 of ECMO support. These figures demonstrate a notable trend whereby the majority of bleeding incidents 

Table 3 
Survival, complications, lengths of stay (LOS) and specificities of the therapy during V-V ECMO of the entire patient collective and the subgroups with 
PTT higher and lower than 58 s.

Characteristics All patients, n = 90 Group with PTT more than 58 s, n = 45 Group with PTT less than 58 s, n = 45 p-value

Survived ICU 49 (54.4 %) 18 (40.0 %) 31 (68.9 %) 0.006
ICU LOS (days), all patients 26.0 (18.0–40.0) 24.0 (15.5–41.5) 31.0 (21.5–39.5) 0.127
Duration ECMO (days) 15.0 (10.0–21.5) 15.0 (10.5–23.5) 15.0 (9.0–21.0) 0.462
Site of cannulation:
-Femoro-jugularis 20 (22.2 %) 8 (17.8 %) 12 (26.7 %) 0.310
-Femoro-femoralis 70 (77.8 %) 37 (82.2 %) 33 (73.3 %) 0.310
Major bleeding events 46 (51.1 %) 31 (68.9 %) 15 (33.3 %) <0.001
-cerebral 13 (14.4 %) 8 (17.8 %) 5 (11.1 %) 0.368
-gastrointestinal 10 (11.1 %) 5 (11.1 %) 5 (11.1 %) 1.000
-hemothorax 14 (15.6 %) 13 (28.9 %) 1 (2.2 %) <0.001
-cannulation side 12 (13.3 %) 8 (17.8 %) 4 (8.9 %) 0.215
-endobronchial 5 (5.6 %) 3 (6.7 %) 2 (4.4 %) 0.645
-retroperitoneal/abdominal 3 (3.3 %) 2 (4.4 %) 1 (2.2 %) 0.557
-epistaxis/mucosal bleeding 12 (13.3 %) 8 (17.8 %) 4 (8.9 %) 0.215
- chest-wall hematom 6 (6.7 %) 4 (8.9 %) 2 (4.4 %) 0.398
Pneumothorax 10 (11.1 %) 7 (15.6 %) 3 (6.7 %) 0.180
Pleuraempyem 5 (5.6 %) 4 (8.9 %) 1 (2.2 %) 0.167
Pleural drainage 55 (61.1 %) 31 (68.9 %) 24 (53.3 %) 0.130
Renal replacement therapy 26 (28.9 %) 14 (31.1 %) 12 (26.7 %) 0.642
Tracheal rupture, pneumomediastinum 4 (4.4 %) 3 (6.7 %) 1 (2.2 %) 0.306
Abdominal compartment syndrome 9 (10 %) 3 (6.7 %) 6 (13.3 %) 0.292
Peritonitis 6 (6.7 %) 1 (2.2 %) 5 (11.1 %) 0.091
Lung emboly 7 (7.8 %) 4 (8.9 %) 3 (6.7 %) 0.694
Circuit change 22 (24.4 %) 13 (28.9 %) 9 (20.0 %) 0.327
HIT 9 (10 %) 6 (13.3 %) 3 (6.7 %) 0.292
Acute liver failure 11 (12.2 %) 6 (13.3 %) 5 (11.1 %) 0.748
Packed red blood cells transfusion 

(units)
17.5 (10.0–31.0) 20.0 (12.0–34.0) 15.0 (9.5–28.0) 0.115

Fresh frozen plasma transfusion (units) 0.0 (0.0–6.0) 0.0 (0.0–8.0) 0.0 (0.0–4.0) 0.585
Platelet transfusion (units) 2.0 (0.0–9.0) 1.0 (0.0–7.5) 2.0 (0.0–10.0) 0.437
Supplementation of AT/day of ECMO 222.5 (58.8–465.4) 270.3 (125.1–531.3) 130.4 (0.0–362.5) 0.025
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(depicted in purple) occurred in patients with elevated aPTT levels, while AT levels frequently dropped below 80 %.

3.3. Prediction model by logistic regression

Based on the results of bivariate analysis, COVID-19 (OR: 3.504; 95 % confidence interval [CI]: 1.415–8.681, p = 0.007), acute liver 
failure (OR: 8.0000; 95 % CI: 1.692–37.822; p = 0.009), high AT level (%) (OR: 1.036; 95 % CI: 1.003–1.071, p = 0.035) were 
determined as independent predictors of hospital mortality in adult patients undergoing V-V ECMO due to severe ARDS.

The mean aPTT, which was calculated as the sum of measured aPTT on selected days of ECMO support and before the bleeding 

Table 4 
Coagulation parameters on 3rd, 7th and 10th day of the V-V ECMO support of the entire patient collective and the subgroups with PTT higher and 
lower than 58 s.

Coagulation parameters on 3rd day of the VV ECMO support

Overall, n = 90 Group with PTT more than 58 s, n = 45 Group with PTT less than 58 s, n = 45 p-value

Platelet count (109/l) 134.0 (94.0–200.3) 161.0 (112.5–222.5) 122.0 (85.5–184.0) 0.040
aPTT (s) 56.4 ± 10.1 60.9 ± 9.7 51.9 ± 8.4 <0.001
INR 1.17 (1.11–1.30) 1.21 (1.14–1.38) 1.15 (1.10–1.25) 0.030
Antithrombin (%) 75.7 ± 17.4 72.3 ± 18.8 78.4 ± 15.6 0.137
D-Dimer (mg/l) 3.9 (2.3–7.9) 3.8 (2.5–8.2) 3.9 (2.2–7.7) 0.564
Fibrinogen (g/l) 5.5 ± 2.0 5.3 ± 2.2 5.7 ± 1.8 0.271
Coagulation parameters on 7th day of the VV ECMO support
​ Overall, n = 79 Group with PTT more than 58 s, n = 40 Group with PTT less than 58 s, n = 39 p-value

Platelet count (109/l) 106.0 (84.0–167.0) 101.5 (80.0–161.5) 111.0 (87.0–157.0) 0.806
aPTT (s) 56.5 ± 8.6 59.7 ± 8.7 53.1 ± 7.2 <0.001
INR 1.21 (1.12–1.40) 1.24 (1.14–1.50) 1.20 (1.08–1.37) 0.121
Antithrombin (%) 81.1 ± 14.6 77.5 ± 12.8 84.9 ± 15.4 0.022
D-Dimer (mg/l) 9.6 (4.5–17.4) 9.5 (5.4–14.6) 10.3 (3.2–19.8) 0.915
Fibrinogen (g/l) 5.0 ± 1.9 4.9 ± 2.0 5.0 ± 1.7 0.735
Coagulation parameters on 10th day of the VV ECMO support
​ Overall, n = 62 Group with PTT more than 58 s, n = 33 Group with PTT less than 58 s, n = 29 p-value

Platelet count (109/l) 108.0 (78.0–156.0) 104.5 (75.8–136.8) 111.0 (85.0–164.0) 0.521
aPTT (s) 58.8 ± 11.4 61.8 ± 11.6 55.4 ± 10.3 0.024
INR 1.24 (1.15–1.41) 1.24 (1.15–1.47) 1.23 (1.14–1.43) 0.841
Antithrombin (%) 81.6 ± 18.0 75.4 ± 17.3 89.2 ± 16.0 0.002
D-Dimer (mg/l) 9.5 (4.0–14.0) 8.4 (4.0–13.9) 10.5 (4.2–10.0) 0.308
Fibrinogen (g/l) 5.4 ± 1.8 5.5 ± 2.2 5.6 ± 1.9 0.774

Fig. 2. Differences in aPTT value at each time point: (A) aPTT on 3rd day of ECMO support, (B) aPTT on 7th day of ECMO support, (C) aPTT on 10th 
day of ECMO support, (D) aPTT just before a bleeding event.
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event, divided by the number of measurements, demonstrated significance in the occurrence of bleeding events (OR: 1.080; 95 % CI: 
1.016–1.148, p = 0.014). The same correlation was also proven for a single measurement point, such as on day 3 of ECMO support (OR: 
1.064; 95 % CI: 1.015–1.115, p = 0.010). Concurrently, an increase in mean aPTT, the emergence of major bleeding, and hemothorax 
individually did not markedly correlate with an elevated risk of mortality, as determined by regression analysis. Interestingly, high 
antithrombin levels did not lead to an enhanced risk of bleeding [for instance, for antithrombin leven on 7th day of ECMO support (OR: 
0.997; 95 % CI: 0.967–1.027, p = 0.823)].

4. Discussion

This retrospective single-center study examined the incidence of major bleeding events among patients with severe ARDS sup
ported by V-V ECMO, with a specific focus on the aPTT subgroup analysis.

The results of our study indicate that a hospital survival rate is significantly higher in patients whose aPTT is more than 58 s, but 
this increase of mortality was mainly attributed to COVID-19 and acute liver failure. As we examined the incidence of major bleeding, 
we identified a significant increase in the group with higher aPTT with a prevalence of hemothorax. The relationship between the 
presence of drains in the pleural cavity and hemothorax was investigated. In two cases, hemothorax was iatrogenically induced 
because of drains application for other indications, including pneumothorax and pleural effusion. In the majority of cases, pleural 
drains were placed because of hemothorax. The incidence of thrombotic events did not differ between the two groups.

In previously published studies, the most prevalent sources of bleeding in patients with ARDS on V-V ECMO were intracranial 
hemorrhage, bleeding on the cannulation side, hemothorax, gastrointestinal, pulmonary, nasal or mucosal bleedings [12–14]. 
Hemothorax (15.6 %), cerebral bleeding (14.4 %), gastrointestinal bleeding (11.1 %) and bleeding on the cannulation side (13.3 %) 
were also predominant in our study.

Alternative methods of measuring the anticoagulation effect of unfractionated heparin (UFH) such as activated clotting time, Anti- 
Xa assay, and ecarin clotting time are currently being investigated, however, the available data remains limited, and aPTT remains the 
standard measurement [15]. The optimal targets for anticoagulation in patients on ECMO are currently unknown and may vary 
depending on the patient’s underlying disease, comorbidities, and risk of thrombosis or bleeding [16]. Hence, the optimal anti
coagulation strategy with intravenous UFH during ECMO support remains a common dilemma and is subject to further debate. Based 
on several studies in adults, the therapeutic range for aPTT has been set at 1.5 to 2.5 times the patient’s baseline aPTT prior to therapy 
and is 50–80 s [17,18]. Some studies have indicated that low aPTT (45–55 s) has been identified as a significant factor in the prevention 
of major bleeding events [19]. In a systematic review conducted by Sklar, several studies comparing high and low aPTT, with a cut-off 
point of 60 s, in patients on ECMO were collected. These data revealed that patients receiving anticoagulation aimed at a low target 
aPTT had 8 % serious hemorrhage and and 32 % thrombotic complications, whereas among the targeted studies with high aPTT there 
were 56 % serious haemorrhagic and 7 % thrombotic complications [20]. In our study, patients with high aPTT had bleeding in 68.9 % 
of cases and thromboembolic complications in 37.8 %, whereas in the group of patients with low aPTT only 33.3 % suffered bleeding 
and 26.7 % thromboembolic complications. So, despite high aPTT the percentage of thromboembolic complications in the first group 
was higher.

The utilization of aPTT for the monitoring of UFH is predicated on two fundamental hypotheses: (1) that a patient’s initial aPTT is 
comparable to that of a normal control population and (2) that there exists a linear relationship between UFH dose and aPTT. However, 
in critically ill patients, the initial aPTT is frequently disparate from that observed in normal controls, thereby limiting the usability of 
aPTT as an indicator of the impact of UFH [18]. Optimal aPTT during heparin therapy has not yet been confirmed in randomised 
controlled trials in patients with ECMO support. Aubron et al. reported that aPTT exceeding 70 s on the day preceding the bleeding 
event was found to be an independently associated factor with an elevated risk of bleeding occurrence [13]. In our study, we have 
demonstrated that an average aPTT of more than 58 s during the whole period of ECMO support increases the risk of hemorrhage. 
Furthermore, it has been observed that in this group of patients, there is a notable increase in the aPTT ratio, reaching a peak value of 
60–100 s (Abb. 2, D), which has been linked to a significant incidence of bleeding. Consequently, maintaining a longer aPTT will result 

Fig. 3. Mean aPTT (A) and AT levels on day 7 of ECMO support (B) and incidence of bleeding (marked in purple). (For interpretation of the 
references to colour in this figure legend, the reader is referred to the Web version of this article.)
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in the formation of higher peak values.
To date, it’s been well researched that the anticoagulant effect of therapeutic heparin is mainly mediated through its interaction 

with AT [21]. AT is a hepatically synthesized major inhibitor of multiple clotting factors (thrombin [factor IIa], factor Xa, and to a 
lesser extent factors IXa, XIa, XII, tissue plasminogen activator, plasmin, and kallikrein) that circulates in high concentration in a state 
that reacts weakly with clotting proteases, and only when interacting with heparin-like glycosaminoglycans does AT become an 
effective inhibitor [22]. Initially and for the past 50 years, the effect of AT therapy on the outcomes of patients with sepsis and 
disseminated intravascular coagulation (DIC) has been studied [23]. Patients receiving AT products showed better improvement in the 
resolution of organ dysfunction and a lower incidence of new organ dysfunction during the follow-up period [24,25]. Current clinical 
practice guidelines regarding the use of AT in patients with severe sepsis and septic shock are controversial, as there are few clinical 
studies that have reported that the supplementation of AT does not result in a favorable impact on overall mortality, and the treatment 
is linked to an elevated risk of bleeding [26]. Hayakawa et al. proposed that patients with sepsis and DIC exhibiting markedly reduced 
AT activity (less than 43 %) may benefit from AT supplementation, particularly when compared to individuals with AT activity below 
70 % [27].

A paucity of studies exists that evaluate the management and outcomes of AT in patients on ECMO. The few reports have argued 
that dosing strategies may not be adequate to substitute AT in patients receiving ECMO, requiring more frequent and timely mea
surement of AT levels as well as more detailed studies of the pharmacokinetics of AT products in patients receiving ECMO in order to 
develop a more accurate dosing scheme [28,29]. There is a suggestion that the balance of pro- and anticoagulant proteins as a result of 
interaction with the circuit is different in patients on ECMO, which complicates interpretation and decision making related to AT 
supplementation in patients on ECMO, as it makes the effect of AT administration less predictable [29].

In our study high AT level (%) was identified as independent predictor of hospital mortality (OR: 1.036; 95 % CI: 1.003–1.071, p =
0.035), which is a controversial to previously published data on sepsis. We estimate this finding to mean that nonetheless AT therapy 
has an unpredictable effect in patients on ECMO. On the other hand, high antithrombin levels did not enhance the risk of bleeding.

Our study has several limitations. These factors include the study’s single-center retrospective design and relatively modest sample 
size. In addition, due to cost and setting limitations, we were unable to measure anti-Xa and perform viscoelastic tests such as rota
tional thromboelastometry, which are of interest in developing a more effective anticoagulation monitoring strategy.

The study’s key strengths include an in-depth analysis of the most crucial clotting parameters, including AT, as well as a 
comprehensive examination of the impact of AT supplementation on these parameters. Furthermore, we were able to ascertain the 
relationships between certain clotting parameters and the risk of bleeding.

5. Conclusion

More than half of patients with severe ARDS undergoing V-V ECMO suffered from bleeding complications. A mean aPTT exceeding 
58 s during the whole period of ECMO support was identified as a significant prognostic risk factor for the development of bleeding 
complications, especially hemothorax. Furthermore, elevated AT levels were associated with an increased risk of mortality. Thus, the 
target aPTT value should be lower than 58 s, and the effect of AT replacement on bleeding complications and survival should be studied 
further.
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