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Abstract

Background: Infection with SARS-CoV-2 in its most severe form leads to acute respi-
ratory distress syndrome requiring mechanical ventilation under the conditions of
the Intensive Care Unit (ICU). The state of hypercoagulation described in COVID-19 may
deepen respiratory failure, leading to increased mortality. The aim of the presented
study is to characterise the haemostatic profile based on the results of clotting system
parameters and risk assessment of thromboembolic complications of patients hospi-
talised in the ICU.

Methods: This retrospective study covered the first 10 adult patients hospitalised in
the ICU of the Hospital for Infectious Diseases in Warsaw in the second quarter of 2020.
Demographic, clinical and laboratory parameters of the coagulation system and the risk
of thromboembolic complications were assessed. Well known criteria of haemostatic
disorders were used to classify the observed derangements.
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Results: The most frequently observed deviations in the coagulation system were high
concentrations of D-dimer and fibrinogen. In select cases the clotting time was pro-
longed. No severe thrombocytopenia was observed. All patients presented a high risk
of thromboembolic complications as assesed by the Padua score. The observed clotting
abnormalities did not meet the criteria for DIC (disseminated intravascular coagulation)
and SIC (sepsis-induced coagulopathy) diagnosis.

Conclusions: The main elements of coagulopathy that were observed in our cases dif-
fer from those usually seen in patients with recognised sepsis. The unique haemostatic
profile of COVID-19 patients treated in the ICU has been described as CAC (COVID-19-
associated coagulopathy).
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Coronavirus disease, known as COVID-19, is an in-
fectious disease caused by SARS-CoV-2, the first out-
break of which occurred in the Chinese city of Wuhan
in December 2019. The first case in Poland was con-
firmed on March 4, 2020 in a person returning from
abroad. In September 2020, the number of SARS-
CoV-2 infections worldwide exceeded 30 million and
nearly one million people died.

The most important clinical symptom of COVID-19
is severe pneumonia, which leads to acute respira-
tory distress syndrome (ARDS). Therefore, the affect-
ed patients require the implementation of invasive
mechanical ventilation techniques in the intensive
care unit (ICU).

In addition to severe respiratory failure, hae-
mostasis disorders are one of the essential factors
affecting the treatment and worsening the progno-
sis [1, 2].

Analysis of the results of studies in patients treat-
ed for COVID-19 has demonstrated hypercoagulabil-
ity [3, 4] resulting from overactivation of cytokines -
called a cytokine storm - in the course of an acute
inflammatory response associated with SARS-CoV-2
infection. In such cases, pulmonary endothelial dys-
function is observed, particularly severe in the alveo-
lar capillaries [5].

The most common changes in the coagulation
tests include prolonged coagulation times (activat-
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TABLE 1. The diagnostic algorithm for acute disseminated intravascular coagulation (DIC) [12 14]

Platelet count (G L") > 100 > 50yet <100 <50

D-dimer concentration (ng mL™") Normal Moderately increased Significantly increased
(400-4000) (>4000)

Prolonged prothrombic time (s) By <3s By>3syet<6s By=6s

Fibrinogen concentration (g L") >1 <1

Diagnosis of acute DIC: > 5 points in the presence of a trigger (e.g. sepsis).

ed partial thromboplastin time — APTT, prothrombin
time - PT and thrombin time - TT) as well as high
concentrations of fibrinogen and D-dimer [6].

Although some of the above changes are simi-
lar to those observed in disseminated intravascu-
lar coagulation (DIC), many authors highlight that
the coagulation disorders in COVID-19 patients are
diverse and difficult to be classified in an explicit
manner [7].

The aim of the present study is to characterise
the haemostatic profile of patients hospitalised in
the Intensive Care Unit of the Hospital for Infectious
Diseases (HID) in Warsaw based on the assessment of
clotting parameters, risk of thromboembolic compli-
cations and severity of patients’general conditions.

METHODS

The study design was submitted to the Bioethi-
cal Committee of the Medical University of Warsaw
(no opinions are given in the case of retrospective
studies).

The retrospective analysis involved the first
10 adult patients hospitalized in the ICU of the HID
in Warsaw in the second quarter of 2020. Patients
were referred for ICU admission due to respiratory
failure associated with SARS-CoV-2 infection, which
was confirmed by the real-time PCR assay. One
patient was excluded from the analysis as he died
within the first hour of ICU hospitalization and the
diagnostic procedures of the haemostatic system
were unfeasible.

Ultimately, the medical records of nine patients
were analysed covering the period between ICU
admission and discharge or death. One patient was
admitted from the emergency department; the oth-
ers were earlier hospitalised in the medical depart-
ments of the HID. The decision about ICU admission
was made based on the criteria described in the ICU
admission protocol developed by the national con-
sultant on anaesthesiology and intensive care.

All patients admitted to the ICU presented respi-
ratory failure, met the ARDS criteria according to the
Berlin definition [8] and required invasive mechani-
cal ventilation, which was carried out in accordance
with the ARDSNet recommendations [9].

During treatment, various analgosedation strate-
gies were used — with propofol, midazolam, fentanyl,

TABLE 2. The diagnostic algorithm for sepsis-induced coagulo-
pathy (SIC) [15]

<1.20 1.21-1.40 > 1.40
Platelet count (G L™) >150 100-149 <100
Modified SOFA 0 1 >2

Diagnosis of SIC: total score= 4 and INR + PLT > 2 points.

dexmedetomidine. In cases of heart failure, intrave-
nous infusions of catecholamines (norepinephrine,
dobutamine, adrenaline) were administered.

Demographic, clinical and laboratory parameters
as well as hospitalisation times prior to ICU admission
were analysed.

During the first day of ICU hospitalization, a panel
of laboratory tests was routinely performed, includ-
ing complete blood counts, biochemistry, coagulo-
gram. When assessing the haemostatic profile, the
following were analysed in detail:

« platelet count,

+ concentration of fibrinogen,
- PT,APTT and INR,

«+ concentration of D-dimer.

The severity of patients’ conditions was assessed
with SAPS II, APACHE Il and SOFA scores; the Op-
timed calculators were used.

Methods of assessing haemostasis disorders
on ICU admission and determination
of the risk of thromboembolic complications

Besides thrombocytopaenia, the statistically
most common coagulopathy in ICU patients with
sepsis is disseminated intravascular coagulation
(DIC) [10]. In its advanced form, it is a systemic, un-
controlled activation of the coagulation system,
leading to multi-organ failure resulting from organ
perfusion disorders [11].

To assess the incidence of DIC in the COVID-19
pneumonia group, the authors used the scale de-
veloped by the International Society on Thrombosis
and Haemostasis (ISTH) in 2009 (Table 1).

In 2017, Iba et al., who analysed 1498 patients,
suggested a new definition of early coagulopa-
thy in sepsis [15]. According to the authors, the
intermediate stage between the initial activation
of the coagulation system during the infection

109



Jan Pluta, Andrzej Pihowicz, Andrzej Horban, Janusz Trzebicki

and acute fully symptomatic DIC is sepsis-induced
coagulopathy (SIC). The above definition was used
in some other studies performed over the next
years [11, 16].

In addition to the INR and platelet count, the
SIC scale includes a modified SOFA score assessing
the performance of the respiratory, circulatory, he-
patic and renal systems. The dysfunction of each of
them is scored one, and no more than two points
when two or more systems have failed. Therefore,
the maximum modified SOFA score does not allow
to diagnose SIC (four points or more). A prerequisite
is the occurrence of organ failure together with INR
and PLT abnormalities [15]. The diagnostic criteria for
SIC are presented in Table 2.

Irrespective of the aetiology and location of in-
fection, ICU hospitalisation is associated with an in-
creased risk of thromboembolic complications [17].
Therefore, the Padua prediction score was used in
each patient admitted to the ICU (Table 3).

Statistical analysis

Statistical analysis was performed using the Po-
lish version of Statistica 13.0 software (Tibco, Palo
Alto, USA). Descriptive statistics were used to sum-
marise the data. The Shapiro-Wilk test was applied
to verify the normality of distribution. Categorical
variables were presented as numbers and percent-
ages.

RESULTS

The laboratory results of all patients (7 men and
2 women aged 27-84 years) were analysed. The de-
tailed characteristics of patients were presented in
Table 4.

All patients required invasive mechanical venti-
lation and 7 patients received a continuous infusion
of catecholamines due to circulatory failure.

In all patients, the Padua prediction score was
found to be = 5, which indicated a high risk of

TABLE 3. The Padua score used to assess the risk of deep vein thrombosis or pulmo-

nary embolism in hospitalised medical patients [18]

Active neoplastic disease 3
History of VTE (except for superficial vein thrombosis) 3
Immobilisation 3
Thrombopbhilia 3
Recent (< 1 month) trauma or surgery 2
Age = 70 years 1
Heart failure or respiratory failure 1
Fresh myocardial infarction or ischaemic stroke 1
Acute infection or rheumatic disease 1

Obesity (BMI = 30 kg m?)

Hormonal therapy

1

A high risk of thromboembolic complications is diagnosed > 4 points. VTE — venous thromboembolism, BMI — body

mass index

thromboembolic complications. The lowest score
was observed in two out of three survivors (Table 5).

Fulfilling the criteria for acute disseminated
intravascular coagulation

In most patients, the platelet count remained
within the upper reference limit. None of the nine
patients presented severe thrombocytopaenia
(< 50 G L") on ICU admission. Mild thrombocyto-
paenia (100-150 G L") was observed only in one
patient during the first 24 hours of ICU stay. During
the entire period of ICU hospitalization, thrombocy-
topaenia was not found in any of the three survivors
(Figure 1A).

On ICU admission, each patient had an elevat-
ed (> 500 ng mL™") D-dimer level, which was nor-
malized in one patient on hospitalisation day 10
(Figure 1B). A significant increase (> 4000 ng mL™")
was detected in the majority of patients. Such
an increase was not observed in any of the three
survivors discharged from the ICU (Figure 1B).

TABLE 4. Characteristics of patients admitted to the ICU of the Hospital for Infectious Diseases in Warsaw

HW Day of hospita- Hb IL-6 Urea | Creatinine | Lacticacid
lisation on ICU () (gdL™) (ug L") | (pg mL™") | (mmol L") | (mmol L") | (mmol L)
admission
1 50 M 2 12.8 12.8 0.36 24 134.8 2.25 60 1.82
2 67 M 2 10.4 14.4 0.52 70 130.1 28.33 136 2.1
3 84 M 1 12.6 12.3 0.39 347 51.9 14.55 103 2.86
4 27 M 2 5.7 12.1 1.09 374 298.9 441 81 1.57
5 76 M 4 2.6 9.8 0.37 173 324 6.59 109 0.81
6 76 M 5 12.1 13.1 0.06 26 2437 6.7 66 2.1
7 84 F 6 8.8 12.6 0.23 185 343.6 5.87 63 3.46
8 79 F 8 16.8 16.3 0.45 33 14730 5.39 75 3.19
9 79 M 3 10.9 10.5 0.26 255 104.2 5.13 60 1.85
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TABLE 5. Scores on ICU admission according to the scales used and deaths in the study group

Patient
to ISTH SOFA PLT score | score hospitalisation
1 2 2 0 2 5 N 33 9 No
2 2 2 1 3 6 15 46 10 Yes
3 4 1 2 3 6 1 43 10 Yes
4 2 2 1 3 5 13 24 10 No
5 2 2 0 2 8 17 31 8 Yes
6 2 2 0 2 9 16 35 12 No
7 3 2 1 3 8 19 38 9 Yes
8 2 2 0 2 6 19 37 10 Yes
9 3 2 2 4 7 10 33 10 Yes

SOFA — Sequential (Sepsis-related) Organ Failure Assessment, SIC SCORE — sepsis-induced coagulopathy, APACHE Il — Acute Physiology and Chronic Health Evaluation Il, SAPS Il — Simplified Acute Physiology Score

A significant prolongation in PT by 3 seconds
above the upper reference limit was observed in
two patients within the first day of ICU hospitalisa-
tion (Figure 1C).

None of the patients showed hypofibrinogenae-
mia (Figure 1D), which is a typical component of co-
agulopathy in acute DIC.

The results of the study patients did not allow
to diagnose acute DIC based on the established cri-
teria (Table 5).

Fulfilling the sepsis-induced coagulopathy
criteria

On ICU admission, none of the patients fulfilled
the criterion for SIC, although the majority of pa-
tients had maximum modified SOFA scores (Table 5).
The above resulted from the fact that organ chang-
es were not accompanied by adequate deviations in
coagulation tests. In addition to respiratory failure
observed in all patients admitted to the ICU, the sec-
ond most common condition was circulatory failure.

DISCUSSION

Patients with advanced stages of COVID-19 re-
quiring ICU hospitalization are characterized by
progressive respiratory failure, which shortly leads
to severe ARDS. Based on clinical observations of
COVID-19 and laboratory results, the disorders of
gas exchange in the lungs were considered to be as-
sociated with coagulopathy, which was confirmed
by autopsy findings. One of the key manifestations
was the presence of pulmonary microemboli [7, 11].
Therefore, assessment of the risk of thromboembolic
complications and careful monitoring of the coagu-
lation system were found essential for the diagnosis
and treatment of patients with SARS-CoV-2 infection.

The laboratory findings of the study patients
disclosed that the main coagulation disorders were
high levels of D-dimer and fibrinogen, which were

higher than the upper reference limit in 100% and
77% of patients, respectively. The above results are
consistent with some other literature data describ-
ing coagulopathies in COVID-19 patients [6, 11].

During ICU hospitalisation, the study group of
patients presented a normal or only slightly reduced
platelet count, which is in line with the findings re-
ported by Maquet et al. who analysed 263 patients
with COVID-19 in the European population. Throm-
bocytopaenia, mainly mild, was observed in only
24.9% of them [19].

The above results are inconsistent with the
early reports based on observations of COVID-19
patients treated in China, indicating substantially
higher incidences of thrombocytopaenia (up to
72.7%) [20, 21].

It is difficult to explain the discrepancies de-
scribed. One possible hypothesis is that Chinese
reports concerned the beginning of 2020, i.e.
the early stage of pandemic when knowledge of
diagnosis and management was limited, diagnoses
were delayed and involved patients with more ad-
vanced stages of COVID-19 and secondary coagu-
lopathy; in many cases, patients who already fulfilled
the criteria of fully symptomatic acute DIC. Similar
differences between the studies in Chinese and Eu-
ropean populations regarded prolonged clotting
times, especially PT [2, 22].

It can be assumed that the knowledge and
experience gained in the following months of the
SARS-CoV-2 epidemic enabled earlier diagnoses
and implementation of multidirectional therapy (an-
tithrombotic prophylaxis, antiviral and anti-inflam-
matory treatment), which reduced the incidence of
increased consumption coagulopathy characteristic
of acute DIC occurring during multi-organ failure in
patients with septic complications of COVID-19.

Since thrombocytopaenia and prolonged PTs
were not universally observed in the analysed group,
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FIGURE 1. A) Consecutive determinations of platelet counts performed in each patient during ICU hospitalisation. B) Consecutive determinations of D-dimer
levels performed in each patient during ICU hospitalisation. C) Consecutive determinations of prothrombin times during ICU hospitalisation. D) Consecutive
determinations of fibrinogen levels during ICU hospitalisation
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the concept that coagulopathy in COVID-19 patients
takes the form of SIC was also not confirmed.

Considering all the disorders found, it seems that
patients infected with SARS-CoV-2 are likely to devel-
op some previously unknown pattern of coagulop-
athy, i.e. COVID-19-associated coagulopathy (CAC),
observed more often than acute DIC or SIC [23].
The characteristic elements of CAC include [11, 23]:
+ high concentrations of D-dimer and fibrinogen,

« lack of prolonged coagulation times,

+ lack of severe thrombocytopaenia,

« higher incidences of thromboembolic complica-
tions, as compared to haemorrhagic complications.

According to current data, thromboembolic
complications are observed in 16-49% of COVID-19
patients admitted to the ICU [24]. It is therefore im-
portant to ensure optimal anticoagulant therapy,
as reflected in the current guidelines and recom-
mendations for the diagnosis and treatment of
COVID-19 patients [25, 26].

The Padua scores in the study group of patients
indicate a high risk of thromboembolic complica-
tions, which is consistent with the data reported by
other authors, suggestive of a prothrombotic hae-
mostatic profile in patients with COVID-19 [27-29].
Based on the above, the therapeutic regimens were
developed involving early and widespread throm-
boprophylaxis [30, 31].

According to Klok et al., however, despite the
use of low-molecular-weight heparins in all patients
with COVID-19, the incidence of thromboembolic
events was still as high as 31% [32].

The above findings may be explained by the re-
sults reported by Tang et al. According to them, the
use of low-molecular-weight heparins has translated
into a reduction in 28-day mortality only in the most
severely ill patients (D-dimer > 6 times the upper
limit of normal) [31]. Therefore, it can be concluded
that in the remaining patients the heparin therapy
has not been effective in reducing mortality.

With such high levels of D-dimer as the only in-
dication for anticoagulant therapy, the use of this
kind of therapy would be limited to a narrow group
of patients. This is confirmed indirectly by the results
of our study, in which only 3 patients would meet
the above criterion on ICU admission.

According to the reports on management of
COVID-19 patients available in literature, there is no
comprehensive and generally accepted regimen to
reduce the effects of thromboembolic complications
on the clinical course of SARS-CoV-2 infection. Stud-
ies are currently underway to assess the effectiveness
of widespread use of therapeutic doses of low-molec-
ular-weight heparins, fibrinolytics or antithrombin Il
yet we still have to wait [33-35] for explicit results of
studies in large populations of patients.

Our study has many limitations. Due to its retro-
spective nature and a relatively small group of pa-
tients included, the results presented by us cannot
be considered relevant to possible modifications of
already existing therapeutic strategies or the devel-
opment of new strategies. Nevertheless, it confirms
the reports suggesting a newly defined phenotype
of coagulopathy (CAC) in COVID-19 patients hos-
pitalized in the ICU. Moreover, to the best of our
knowledge, our study is the first attempt to charac-
terize the haemostatic profile in COVID-19 patients
hospitalized in the ICU in the Polish population.

CONCLUSIONS

The haemostatic profile in patients treated for
pneumonia caused by SARS-CoV-2 infection is
characterised by a complex diagnostic and clinical
picture that has not been described before the epi-
demic. This picture cannot be explicitly assigned to
DIC or SIC conditions common in sepsis patients.

In view of incomplete knowledge of the patho-
physiology of coagulopathies, the currently avail-
able recommendations should be followed, which
advocate regular monitoring of the coagulation
system, including levels of D-dimer and fibrinogen,
PT times and platelet counts as well as widespread
use of anticoagulant prophylaxis [30, 36].

The question that remains to be answered is
whether the changes observed in the haemostatic
system result only from a severe systemic inflamma-
tory response or are also associated with the specific
features of SARS-CoV-2.
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