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ARTICLE INFO ABSTRACT

Keywords: Background: COVID-19 is a novel viral disease. Severe courses may present as ARDS. Several publications report
Anaesthesia and Intensive Care (4) a high incidence of coagulation abnormalities in these patients. We aimed to compare coagulation and in-
Acute respiratory distress syndrome (ARDS) flammation parameters in patients with ARDS due to SARS-CoV-2 infection versus patients with ARDS due to
(4.01) other causes.

Intensive Care (4.24)

SARS.CoV-2 Methods: This retrospective study included intubated patients admitted with the diagnosis of ARDS to the ICU at

Munich university hospital. 22 patients had confirmed SARS-CoV2-infection (COVID-19 group), 14 patients had
bacterial or other viral pneumonia (control group). Demographic, clinical parameters and laboratory tests in-
cluding coagulation parameters and thromboelastometry were analysed.

Results: No differences were found in gender ratios, BMI, Horovitz quotients and haemoglobin values. The
median SOFA score, serum lactate levels, renal function parameters (creatinine, urea) and all inflammation
markers (IL-6, PCT, CRP) were lower in the COVID-19 group (all: p < 0.05).

INR (p < 0.001) and antithrombin (p < 0.001) were higher in COVID-19 patients. D-dimer levels
(p = 0.004) and consecutively the DIC score (p = 0.003) were lower in this group.

In EXTEM®, Time-to-Twenty (TT20) was shorter in the COVID-19 group (p = 0.047), these patients also had
higher FibTEM® MCF (p = 0.005). Further, these patients presented with elevated antigen and activity levels of
von-Willebrand-Factor (VWF).

Conclusion: COVID-19 patients presented with higher coagulatory potential (shortened global clotting tests,
increased viscoelastic and VWF parameters), while DIC scores were lower. An intensified anticoagulation re-
gimen based on an individual risk assessment is advisable to avoid thromboembolic complications.

1. Background distress syndrome (ARDS) or even develop lethal multi organ failure
[1]. Several publications report about a frequent incidence of throm-

COVID-19 is a novel viral disease in humans that is caused by in- boembolic events and coagulation abnormalities in this patient collec-
fection with SARS-CoV-2 and presents mainly as a respiratory tract tive [2-4]. As deep vein thrombosis and pulmonary embolism are not
infection. Severe courses of the disease may present as acute respiratory only frequent complications in critically ill patients but also contribute

Abbreviations: aPTT, activated partial thromboplastin time; ARDS, acute respiratory distress syndrome; BMI, body mass index; CFT, clot formation time; COVID-19,
coronavirus disease 19; CRP, C-reactive protein; CT, clotting time; DIC, disseminated intravascular coagulation; ECMO, extracorporeal membrane oxygenation; FEU,
fibrinogen equivalent units; GGT, gamma-glutamyl-transferase; GOT, glutamate-oxaloacetate-transaminase; GPT, glutamate-pyruvate-transaminase; ICU, intensive
care unit; IL-6, interleukin 6; INR, international normalized ratio; MCF, maximum clot firmness; ML, maximum lysis; PCT, procalcitonin; SOFA, sequential organ
failure assessment; TT20, Time-to-Twenty; VWF, von-Willebrand-Factor
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to increased rates of morbidity and mortality, coagulation management
is key in critical care. In this retrospective observational study, we
compared coagulation and inflammatory parameters of patients with
ARDS due to infection with SARS-CoV-2 versus patients with ARDS due
to other causes.

2. Methods

This study complied with the edicts of the 1975 Declaration of
Helsinki and was approved by the institutional review board of the
university of Munich (20-345). This retrospective study included in-
tubated patients who were admitted with the diagnosis of ARDS to the
intensive care units at Munich university hospital between March 4th
and April 4th 2020 (COVID-19 group), and were compared to non-
COVID-19 ARDS patients admitted to our institution between January
1st 2019 and March 31st 2020 (control group).

The COVID-19 group consisted of 22 consecutive patients who had
confirmed SARS-CoV2 infection and underwent extended haemostasis
monitoring within 48 h after intensive care unit (ICU) admission. The
diagnosis of COVID-19 was confirmed by detection of SARS-CoV-2 N-
gene-1 RNA by RT-PCR in endotracheal secretions and serum [5]. There
was no evidence for superinfection by another pathogen in any of the
COVID-19 patients.

The control group consisted of 14 ARDS patients who had either
bacterial or viral pneumonia. Pathogens in this group comprised in-
fluenza A virus (n = 3), herpes simplex virus (n = 2), Streptococcus
pneumoniae (n = 2), Legionella pneumophila (n = 1), Klebsiella pneu-
moniae (n = 1), Mycoplasma pneumoniae (n = 1), Pseudomonas aerugi-
nosa (n 1), Stenotrophomonas maltophilia (n 1) and Pneumocystis
jirovecii (n 1). In one patient, Candida albicans was found; in two
patients, no pathogen was detected.

Pathogens were identified by real time PCR in case of viral infec-
tions and microbiological culture of endotracheal secretions or
bronchoalveolar lavage samples in case of bacterial infection. All pa-
tients admitted to the ICU after February 1st 2020 were tested several
times for presence SARS-CoV-2; all tests were negative.

In this group, extended coagulation testing was performed within
48 h after ICU admission as a standard of care for patients who were
deemed potential candidates for treatment by extracorporeal mem-
brane oxygenation (ECMO). All patients received prophylactic antic-
oagulation according to the institutional standard for critically ill pa-
tients with continuous infusion of heparin with individual aPTT targets
defined by the treating physician according to their thromboembolic
and bleeding risk.

Clinical and laboratory data at ICU admission were retrieved from
the hospital's electronic patient data records. This included age, SOFA
score at ICU admission, Horovitz oxygenation index, infectious patho-
gens, full blood count, liver function tests, renal parameters, in-
flammatory and coagulation parameters.

Extensive coagulation monitoring included not only prothrombin
time and international normalized ratio (INR), activated partial
thromboplastin time (aPTT) and D-dimers, but also measurements of
fibrinogen (Clauss method), antithrombin, protein C and protein S le-
vels, von-Willebrand-Factor (VWF) antigen and activity as well as
thromboelastometric tests (ROTEM®). These extended coagulation tests
were gradually added to the testing routine, as coagulopathy and an
increased risk of thromboembolisms were reported in COVID-19 pa-
tients [2,3]. Thus, only 11 out of 22 COVID-19 patients received a
ROTEMP® diagnostic.

Thromboelastometry was performed using a ROTEM® delta analyser
(Tem Innovations, Munich, Germany). Two thromboelastometric tests
were performed: EXTEM®, using a tissue factor containing activator and
therefore representing the extrinsic pathway and a FibTEM® test con-
taining cytochalasin D - a platelet inhibitor - thus clot firmness re-
presents fibrin-polymerization and contribution of fibrinogen to clot
formation [6].
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In EXTEM®, clotting time (CT), clot formation time (CFT), maximum
clot firmness (MCF), maximum lysis (ML) and in FibTEM® maximum
clot firmness were measured. In addition, in EXTEM®, the time from the
initial clot formation up to a clot amplitude of 20 mm (Time-to-Twenty
(TT20)) was analysed.

All laboratory tests were performed by the LMU Munich Institute for
Laboratory Medicine, according to institutional standards. aPTT, INR
and fibrinogen levels (Clauss method) were measured by optical coa-
gulometry (Dade Actin® FSL Activated PTT reagent, Thromborel®S
Reagent, Dade Thrombin Reagenz, Siemens Healthineers, Germany). D-
dimer levels were determined using a latex agglutination method
(Innovance D-dimer, Siemens Healthineers, Germany). Results are
provided in fibrinogen equivalent units (FEU). VWF antigen and ac-
tivity were measured by turbidimetry using vWF-Ag reagent and
Innovance vWF Ac (Siemens Healthineers, Germany) respectively.

The Disseminated Intravascular Coagulation (DIC) score was cal-
culated according to the British Society for Haematology guidelines for
the diagnosis and management of disseminated intravascular coagula-
tion [7]. It is based on platelet count, fibrinogen levels, D-dimer levels,
and prothrombin time.

Data analysis was performed as a complete case analysis in Python
3.5 using the following libraries:

- Pandas: 0.24.2

- Scipy 1.3.0

- Numpy: 1.18.1

- Seaborn: 0.9.0

- Matplotlib: 3.0.3

The Shapiro-Wilk test (scipy library) was used to test for normal
distribution. As only four out of 46 parameters showed non-significant
p-values and the number of patients in each group was less than 30, we
assumed that none of the outcome distributions were approximately
normally distributed [8]. Hence, the use of non-parametric tests was
deemed appropriate.

The median and the interquartile range (25th, 75th percentiles)
were calculated with the numpy library and the pandas library, re-
spectively. The Mann-Whitney-U test (scipy library) was used to test for
differences in distributions between groups. Fisher's Exact test (scipy
library) was used for analysis of contingency tables. The Chi-Square
goodness-of-fit test (scipy library) was used for analysis of frequencies
between groups. A p-value of less than 0.05 was considered to be sta-
tistically significant.

3. Results

36 Patients were included in the study. 22 patients formed the
COVID-19 group (COVID-19), 3 of them were female and 19 male. The
comparative group (control) comprised 14 patients, 5 of them female, 9
male. Thus, the odds ratios for female patients to catch the SARS-CoV-2
virus/infection were 3.52 times less than for male patients, although
the p-value was not significant.

Patients in the COVID-19 group were significantly older than pa-
tients in the comparative group (63.5 vs. 49.0 years, p = 0.005). The
mean body mass index (BMI) was 27.0 and 25.5 in the COVID-19 and
the control group respectively; patients in both groups tended to be
slightly obese - with no statistically significant difference (p = 0.34).

No significant differences were found in the occurrences of co-
morbidities (diabetes, obesity, renal or liver failure, cardiac diseases or
coagulation disorders). In the COVID-19 group, significantly more pa-
tients presented with the diagnosis of arterial hypertension resulting in
an odds ratio for hypertension of 11.9 (p = 0.013), showing that pa-
tients presenting with hypertension were seven times as likely to be in
COVID-19 group than in the non COVID-19 group.

In the COVID-19 group, the median SOFA score was 11.5 which was
significantly lower than the median of 15.0 in the control group
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SOFA scores in COVID-19 (11.5)
vs. non-COVID-19 (15.0) (p<0.001)
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Fig. 1. Distribution of SOFA score for COVID-19 and control group (median).

(p < 0.001; Fig. 1).

There were no significant differences in the Horovitz oxygenation
index (160.5 vs. 85.5, p = 0.115) nor in bilirubin (0.6 vs. 0.8 mg/dl,
p = 0.172), gamma-glutamyl-transferase (GGT) (86 vs. 90 U/l,
p = 0.487) or glutamate-oxaloacetate-transaminase (GOT) (54 vs.
68 U/l, p = 0.243) levels. However, glutamate-pyruvate-transaminase
(GPT) was lower in the control group (47 vs. 31 U/1, p = 0.017). While
in the COVID-19 group all patients had serum lactate levels below
3.0 mmol/] with a median of 1.1 mmol/l, lactate levels were sig-
nificantly higher (median 2.1 mmol/]; p = 0.014).

Renal function parameters such as creatinine and urea levels were
significantly lower in the COVID-19 group (creatinine: 1.1 vs 1.4 mg/dl,
p = 0.047; urea: 30 vs. 58 mg/dl, p = 0.020, Fig. 2). All demographic
and laboratory values are displayed in Table 1.

After adjustment for sex, both haemoglobin and haematocrit values
showed no significant differences between the groups (see Table 1).
Likewise, leukocyte and platelet count did not differ significantly be-
tween the groups (leukocytes: 11.9 vs. 16.0 G/1, p = 0.079; platelets:

Urea distribution in COVID-19 (30.0)
vs. non-COVID-19 (57.5) (p=0.02)
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Fig. 2. Box-and-whisker plots of Urea values for COVID-19 and control group
(median, whiskers (1.5 IQR) and outliers).
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Table 1
Descriptive statistics of demographic and laboratory parameters (median and
IQR).
Normal range  COVID-19 Non-COVID-19
(n = 22) n =14
Age [years] 64 (52, 70) 49 (36, 57)
Male/female 19/3 9/5
BMI [kg/m?] 18.5-24.9 27 (24, 31) 26 (22, 32)
Horovitz index 161 (119, 190) 86 (76, 171)
Haemoglobin [g/dl] 13.1 (11.8,13.3) 9.3 (8.3, 12.6)
Female 11.5-15.4 11.1 (10.3, 12.4) 9.3 (8.7,9.7)
Male 13.5-17.5 13.1 (12.0, 13.3) 10.2 (7.8, 13.7)
Haematocrit 0.356 (0.334, 0.301 (0.268, 0.326)
0.377)
Female 0.346-0.453 0.348 (0.290, 0.298 (0.285, 0.304)
0,363)
Male 0.396-0.506 0.361 (0.337, 0.308 (0.257, 0.434)
0.376)
SOFA score 11.5 (10.3, 12.0) 15.0 (13.3, 15.0)
Leukocytes [G/1] 3.9-10.4 11.9 (7.3, 15.3) 16.0 (9.6, 24.6)
Bilirubin [mg/dl] <1.2 0.6 (0.4, 0.9) 0.8 (0.6, 1.1)
GOT [U/1] =49 54 (42, 74) 68 (45, 104)
GPT [U/1] =49 47 (33, 87) 31 (25, 36)
GGT [U/1] <59 86 (35, 149) 90 (38, 131)
Lactate [mmol/1] =24 1.1 (1.0, 1.4) 21(1.1,7.1)
Creatinine [mg/dl] 0.5-1.2 1.1 (0.9, 1.4) 1.4 (1.1, 2.6)
Urea [mg/dl] 17-49 30 (23, 58) 58 (44, 74)
CRP [mg/dl] =<0.5 15.6 (10.3, 18.8) 27.4 (16.0, 32.8)
PCT [ng/dl] =<0.1 0.4 (0.1, 0.9) 3.5 (1.0, 86.9)
IL-6 [pg/ml] <59 147 (70, 431) 2710 (271, 45202)

BMI body mass index, SOFA score sequential organ failure assessment score,
GOT glutamate-oxaloacetate-transaminase, GPT glutamate-pyruvate-transami-
nase, GGT gamma-glutamyl-transferase, CRP C-reactive protein, PCT procalci-
tonin.

*p < 0.05.

** No differences between genders.

227 vs. 175 G/1, p = 0.223).

All inflammation markers were significantly lower in the COVID-19
group: while the median interleukin-6 (IL-6) level of the COVID-19
group was 147 pg/ml with a maximum at 6594 pg/ml, IL-6 levels in the
control group were significantly higher with a median of 2710 pg/ml
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INR distribution in COVID-19 (1.0)
vs. non-COVID-19 (1.12) (p<0.001)
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Fig. 3. Distribution of INR values for COVID-19 and control group (median).

and maximum levels as high as in the hundred thousand (p = 0.003).
Similarly, procalcitonin (PCT) levels as well as C-reactive protein (CRP)
levels were significantly higher in the non-COVID-19 group (PCT: 0.4
vs. 3.5 ng/dl, p < 0.001; CRP: 15.6 vs. 27.4 mg/dl, p = 0.037).

While activated partial thromboplastin time (aPTT) and fibrinogen
levels did not differ significantly between groups (aPTT: 29 vs. 29 s,
p = 0.274; fibrinogen: 709 vs. 598 mg/dl, p = 0.058), INR was lower
and antithrombin was significantly higher in the COVID-19 group
compared to the non-COVID-19 group (INR: 1.0 vs. 1.1, p < 0.001;
antithrombin: 89 vs. 65%, p < 0.001; Figs. 3 and 4). D-dimer levels
and the DIC score were significantly lower in the COVID-19 group (D-
dimer 2.4 vs. 11.3 pg/ml, p = 0.004; DIC score 1 vs. 3, p = 0.003;
Figs. 5 and 6).

While EXTEM® clotting time (CT) and clot formation time (CFT)
tended to be shorter in the COVID-19 group and thus were not statis-
tically significant (CT: 62 vs. 70 s, p = 0.094; CFT: 93 vs. 84 s;
p = 0.301), TT20 was significantly shorter in the COVID-19 group (143
vs. 155, p = 0.047).

Neither maximum clot firmness (MCF) nor maximum lysis (ML) in
ExTEM® differed between groups (MCF: 65 vs. 66 mm; p = 0.456; ML:
6.5 vs. 5.0%; p = 0.151).

Antithrombin distribution in COVID-19 (88.5)
vs. non-COVID-19 (65.0) (p<0.001)

D-dimer distribution in COVID-19 (2.4)
vs. non-COVID-19 (11.25) (p=0.004)
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Fig. 5. Box-and-whisker plots of D-dimer values for COVID-19 and control
group (median, whiskers (1.5 IQR) and outliers).
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DIC scores in COVID-19 (1.0)
vs. non-COVID-19 (3.0) (p=0.003)
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Fig. 6. Distribution of DIC scores for COVID-19 and control group (median).

In FibTEM®, median MCF of the COVID-19 group was 7 mm higher
compared to the non-COVID-19 group (29 vs. 22 mm; p = 0.005). In
addition, nine of eleven COVID-19 patients had readings above the
normal range of 9-25 mm.

The readings of VWF activity and antigen as well as protein C and S
levels were only available for seven COVID-19 patients only but none of
the control patients. Median VWF activity and antigen levels were
225% and 284%, respectively. While protein C levels were 104% in
median, the median protein S level was 74%.

All coagulation parameters are displayed in Table 2.

4. Discussion

As COVID-19 is not only a pandemic disease but also new in its
appearance, there is little knowledge about the characteristics of the

Table 2
Descriptive statistics of standard coagulation parameters, thromboelastometry,
platelet function analysis, and DIC score (median and IQR).

Normal range ~ COVID-19 Non-COVID-19

Platelets [G/1] 146-391 227 (175, 324) 175 (113, 347)
VWEF activity [%] 48-148 226 (204, 312) NA

VWF antigen [%] 53-154 300 (249, 371) NA

aPTT [sec] 22-34 29 (26, 32) 29 (26, 42)
INR 0.8-1.2 1.00 (0.96, 1.01) 1.12 (1.06, 1.31)
Fibrinogen [mg/dl] 210-400 709 (530, 786) 598 (502, 645)
Antithrombin [%] 75-130 89 (82, 104) 65 (49, 75)
D-dimer [mg/1] <0.5 2.4 (2.0, 3.9) 11.3 (4.1, 31.0)
EXTEM® CT [sec] 38-79 62 (56, 68) 70 (58, 78)
EXTEM® CFT [sec] 34-159 93 (55, 97) 84 (80, 113)
EXTEM® Time to twenty 143 (119, 151) 155 (140, 177)
EXTEM® MCF [mm] 50-72 65 (63, 70) 66 (53, 72)
EXTEM® ML [%] <15 6.5 (4.5, 9.0) 5.0 (2.3,7.0)
FIBTEM® MCF [mm] 9-25 29 (24, 34) 22 (18, 24)
DIC score 1(1,1) 3(1,4

NA not available, VWF von-Willebrand-Factor, aPTT activated partial throm-

boplastin time, INR international normalized ratio, D-dimer in fibrinogen

equivalent units (FEU), CT clotting time, CFT clot formation time, MCF maximal

clot firmness, ML maximum lysis, DIC Disseminated Intravascular Coagulation.
*p < 0.05.
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disease and the best suitable treatment. As there are several reports
about thromboembolic complications and coagulation alterations
leading to a worse outcome in COVID-19 patients, coagulation man-
agement and the understanding of underlying haemostasis alterations
are of key importance [2,4,9].

This retrospective study assessed the coagulation profiles at ICU
admission of critically ill SARS-CoV-2 positive ARDS patients in com-
parison to patients suffering from ARDS due to other pathogens. There
was almost no significant difference regarding pulmonary and liver
functions. Only GPT differed significantly between both groups but was
still just above the normal range.

Patients in the COVID-19 group presented with significantly lower
international normalized ratios and shorter EXTEM® TT20 values.
Furthermore, fibrinogen plasma concentrations in the COVID-19 group
were above normal range and elevated compared to the control group.
Though no statistical significance was found here, this trend is reflected
in a significantly higher MCF in FibTEM® (p = 0.005). D-dimer levels
and DIC-score values of the COVID-19 group were significantly lower
than in the control group (Figs. 5 and 6).

In this cohort, COVID-19 patients had a median age of 64 years with
quite a narrow interquartile range from 52 to 70 years. Most of the
patients were male (odds = 19/3), which is in line with findings from
other publications delineating COVID-19 patients [10].

In contrast, patients in the control group were younger (median of
49 years) and had a higher proportion of female patients (odds = 5/9).

IL-6, a plasma cytokine marker of inflammation, was markedly
lower in the COVID-19 group.

However, as IL-6 tends to remain at lower levels in viral infections,
this effect might be explained by the higher proportion of bacterial
infections in the control group [11].

Similarly, CRP and PCT were higher in the control group. These
acute phase proteins can be stimulated by both viral or bacterial in-
fections, but typically reach higher values in the latter [11,12]. IL-18
and ferritin levels are described as markers more sensitive to viral in-
fections but were not measured in our patients.

Patients in the control group had a significantly higher SOFA score
at admission, which can be explained to a large extent by an impaired
renal function - as represented by increased serum creatinine and urea
levels. In addition, the presence of a septic shock, which can be
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suspected due to increased lactate levels, would result in higher values
in the SOFA score.

However, lung function, platelet count and liver function did not
show any clinically relevant differences between groups.

In this study, the majority of platelet counts in the COVID-19 group
was within or even below the normal range. This finding is supported
by the reports of Chen et al. and Guan et al. [10,13]. Conversely, Yin
et al. described a higher platelet count in patients with severe pneu-
monia induced by SARS-CoV-2 than in those induced by non-SARS-
CoV2 [2].

Though activation of thrombocytes is well described during any
infection and systemic inflammation [14], COVID-19 patients clinically
exhibit an increased risk for cardiovascular events: both Guo et al. as
well as Chen et al. reported on myocardial injury, manifestation of
cardiovascular disease and myocardial infarction in COVID-19 patients
[15,16].

Elevated VWF activity and antigen levels are factors contributing to
an enhanced platelet aggregation. Both levels were markedly elevated
in the COVID-19 patients reaching values up to 490% of the normal
range. VWF is a major determinant of platelet adhesion after vessel
injury and consequently clot formation. High VWF antigen levels are an
independent risk factor for ischaemic stroke as well as myocardial in-
farction [17]. Hence, the application of platelet inhibitors might be
considered in order to avoid cardiovascular events.

However, elevated VWF levels do not seem to be a COVID-19 spe-
cific phenomenon. As VWF levels have not been routinely measured in
our unit in the past, we cannot provide any VWF levels for the control
group. Still, Ware et al. as well as Bajaj and Tricomi already described
elevated VWF levels ranging from 350% to 425% in ARDS patients
[18,19].

In our study population, COVID-19 patients also showed elevated
plasmatic coagulation parameters compared to non-COVID-19 ARDS
patients. 12 out of 22 COVID-19 patients had shortened prothrombin
times, with two patients having international normalized ratios below
the normal range.

This is in line with the findings from Han et al. [20] and also re-
flected in the thromboelastometry results: TT20 in EXTEM® - which
correlates to prothrombin time or INR - was significantly shorter in the
COVID-19 group. However, recent information suggest that COVID-19
can affect liver cells as well. Of note to our knowledge information is
missing on whether COVID-19 can cause viral hepatitis [21]. Irrespec-
tive of this, COVID-19 cases with compromised liver function have been
reported [13], whereas in our cohort only GPT showed a clinically ir-
relevant but statistically significant difference.

Furthermore, COVID-19 patients in our study revealed markedly
elevated fibrinogen levels and concordantly supra-normal maximum
clot firmness levels in FibTEM®. While in 7 out of 11 COVID-19 pa-
tients, FibTEM® MCF values were above the normal range, FibTEM®
MCF values in the remaining group were within normal range. In the
control group, only one patient showed elevated FibTEM® MCF values,
and two patients even showed values below the normal range.

Reports about thromboembolic events including fatal pulmonary
embolism underline the clinical relevance of these findings [3]. Tang
et al. demonstrated that anticoagulant therapy can improve outcome of
COVID-19 patients with elevated D-dimer levels and positive DIC-scores
[22].

Several publications report a correlation of elevated D-dimer levels
and a poor outcome [9,23]. However, in our cohort, D-dimer levels of
COVID-19 patients were comparably low and DIC-score values were not
suggesting ongoing DIC.

As our patients therefore presented with a high procoagulant po-
tential - especially when compared to non-COVID-19 ARDS patients,
these results not only underline the recommendations of a strict and
consequent thrombosis prophylaxis but also might support references
that advise aiming for a high prophylactic dosing. While many authors
recommend the wuse of low-molecular-weight-heparin and an
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intermediate or half-therapeutic dosing for COVID-19 patients, a ther-
apeutic anticoagulation regimen might be an option in selected in-
tubated and critically-ill patients [4,24,25]. Given the still scarce evi-
dence regarding COVID-19 patients, dosing considerations and the
choice of the anticoagulant are probably best subject to a patient in-
dividual risk assessment including thrombosis and haemorrhage risk as
well as considering liver and renal functions [25].

Although our results extend the current state of knowledge re-
garding coagulation in COVID-19 patients, this study faces some lim-
itations. Due to a small sample size only non-parametric tests were
applied, which have less power and lack the ability to detect small ef-
fects. The smaller the true-effect size, the larger the study needs to be to
distinguish between real effects and random variations [26]. However,
smaller effect sizes might indicate less clinical significance. Our findings
are based on an effect size detectable by a small sample size and thus,
show a clinical significance.

Another limitation is the retrospective nature of our study. As there
was no systematic screening for thromboembolic events during the ICU
stay, there were no data available about clinical complications in these
patients. Unfortunately, as some of the patients were admitted from
other departments or even other hospitals for evaluation of ECMO
therapy, we could not retrieve any data about the pre-ICU course. Here,
possible confounders might be hidden as a higher SOFA score in the
control group might indicate. Still, the Horovitz oxygenation indices
imply similar pulmonary functions in both groups.

Since most COVID-19 patients are still in the ICU and mechanically
ventilated, no outcome parameters are available as of this date.

In summary, COVID-19 patients presented with a higher procoa-
gulatory potential but lower DIC score values. Based on our findings of
an increased plasmatic coagulation and in line with other recent pub-
lications [4,22], we may suggest an anticoagulation treatment with
high prophylactic doses. Additionally, against the background of a high
platelet aggregation risk, the use of antiplatelet therapy may be con-
sidered in patients with increased cardiovascular risk factors.

Further studies are needed to investigate the aetiology of coagula-
tion disturbances and to evaluate the effectiveness and risks of such an
anticoagulation therapy in COVID-19 patients.
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