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ABSTRACT
Introduction: COVID-19-associated coagulopathy includes systemic and endothelial inflammation with coagulation dysregulation related to immu-
nothrombosis. The aim of this study was to characterize this complication of SARS-CoV-2 infection in patients with moderate to severe COVID-19.
Methods: An open-label, prospective observational study conducted in patients with COVID-19 moderate to severe acute respiratory failure admitted
to an intensive care unit (ICU). Coagulation testing, including thromboelastometry, biochemical analysis and clinical variables, were collected at pre-
specified time points during the 30 days of ICU stay.
Results: The study included 145 patients, 73.8% male, with a median age of 68 years (interquartile range - IQR 55 - 74). The most prevalent comorbidi-
ties were arterial hypertension (63.4%), obesity (44.1%) and diabetes (22.1%). Simplified acute physiology score Il (SAPS Il) was on average 43.5 (11
- 105) and sequential organ failure assessment (SOFA) at admission was 7.5 (0 - 14). During ICU stay, 66.9% of patients underwent invasive mechanical
ventilation and 18.4% extracorporeal membrane oxygenation support; thrombotic and hemorrhagic events occurred in 22.1% and 15.1% of the patients
respectively; anticoagulation with heparin was present in 99.2% of patients since early ICU stay. Death occurred in 35% of patients. Longitudinal studies
revealed changes in almost all coagulation tests during the ICU stay. SOFA score, lymphocyte counts, some biochemical, inflammatory and coagulation
parameters, including hypercoagulability and hypofibrinolysis seen in thromboelastometry, differed significantly (p < 0.05), between ICU admission and
discharge. Hypercoagulability and hypofibrinolysis persisted throughout ICU hospitalization, showing higher incidence and severity in non-survivors.
Conclusion: COVID-19-associated coagulopathy is characterized by hypercoagulability and hypofibrinolysis from ICU admission, and persisted through-
out the clinical course in severe COVID-19. These changes were more pronounced in patients with higher disease burden and in non-survivors.
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RESUMO
Introdugao: A coagulopatia associada a COVID-19 inclui inflamagéo sistémica e endotelial com desregulagdo da coagulacéo relacionada com imu-
notrombose. O objetivo deste estudo foi caracterizar esta complicacéo da infecgdo por SARS-CoV-2 em doentes com infegdo COVID-19 moderada a
grave.
Métodos: Estudo prospetivo observacional open-label conduzido em doentes com insuficiéncia respiratéria aguda COVID-19 moderada a grave admi-
tidos numa unidade de cuidados intensivos (UCI). Testes da coagulagéo, incluindo tromboelastometria, testes de bioquimica e variaveis clinicas foram
colhidos em pontos de analise predefinidos durante 30 dias de internamento na UCI.
Resultados: Foram incluidos 145 doentes, 73,8% homens, com uma mediana de idade de 68 anos (intervalo interquartilico — 11Q 55 - 74). As comorbi-
lidades mais prevalentes foram hipertenséao arterial (63,4%), obesidade (44,1%) e diabetes (22,1%). Na admissao, o simplified acute physiology score I/
(SAPS II) apresentou uma mediana de 43,5 (11 - 105) e o sequential organ failure assessment (SOFA) de 7,5 (0 - 14). Durante a estadia na UCI, 66,9%
dos doentes foram submetidos a ventilagdo mecanica invasiva e 18,4% a suporte com extracorporeal membrane oxygenation; Eventos trombéticos e
hemorragicos ocorreram em 22,1% e 15,1% dos doentes respetivamente; anticoagulagdo com heparina esteve presente em 99,2% dos doentes desde
precocemente durante a estadia na UCI. A morte ocorreu em 35% dos doentes. Estudos longitudinais revelaram alteragdes em quase todos os testes da
coagulagao durante a hospitalizagdo na UCI. O SOFA score, a contagem de linfécitos, alguns parametros bioquimicos, inflamatérios e da coagulacao,
incluindo hipercoagulabilidade e hipofibrindlise observados na tromboelastometria, diferiram significativamente (p < 0,05), entre a admiss&o e a alta da
UCI. A hipercoagulabilidade e a hipofibrindlise persistiram ao longo da hospitalizagao na ICU, mostrando maior incidéncia e gravidade nos doentes ndo
sobreviventes.
Conclusao: A coagulopatia associada a COVID-19 é caracterizada por hipercoagulabilidade e hipofibrindlise desde a admissao na UCI, as quais per-
sistiram durante o curso clinico na infegdo COVID-19 grave. Estas alteragdes foram mais pronunciadas nos doentes com maior gravidade e nos ndo
sobreviventes.
Palavras-chave: COVID-19; Fibrindlise; Perturbagdes da Coagulagdo Sanguinea; Tromboelastometria; Trombose
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INTRODUCTION

SARS-CoV-2 infection has been associated with a syn-
drome dominated by acute respiratory failure (ARF). How-
ever, the pathophysiology of this infection goes well beyond
severe hypoxemia, its most feared manifestation. Immuno-
logical activation and coagulation dysregulation have been
recognized as important mechanisms leading to thrombus-
inflammation, thrombosis'* and endothelitis.

COVID-19 associated coagulopathy (CAC) is marked
by profound hyperinflammation with liberation of inflamma-
tory mediators,* endothelial dysfunction and injury, abnor-
mal blood flow dynamics, platelet and coagulation factor
activation, all of them leading to hypercoagulability and sys-
temic fibrinolysis shutdown.>® Moreover, real life evidence
in severe COVID-19 shows hyperinflammation, T cell de-
ficiencies and coagulation abnormalities associated with
life-threatening organ dysfunction.” These complex chains
of events induce a state of immunothrombosis leading to
microvascular thrombosis."*% The recognition of this pro-
thrombotic state might explain why some laboratory param-
eters were viewed as potential surrogate markers of poor
outcomes.”"* Dynamic cytokine storms and T cell lympho-
penia are associated with COVID-19 severity as well,”'*'®
making lymphocyte count another possible marker to iden-
tify patients at risk of developing severe COVID-19."

Current International guidelines recommend prophylac-
tic anticoagulation with heparin in all COVID-19 hospitalized
patients, which should be tailored in selected patients.'®*!

Assuming that coagulation abnormalities are paramount
to define the outcome in COVID-19 patients, we designed
a single-center study involving critically ill patients with
SARS-CoV-2 infection and severe respiratory failure. We
hypothesized that extensive CAC characterization may
identify factors related to disease severity, contributing to a
better understanding of COVID-19 pathophysiology.

METHODS
Study design and setting

The present study is part of a major research project
named HemoCoV: an open-label, real-life, prospective non-
interventional, cohort study, conducted by the Transfusion
Medicine and the Intensive Care Departments of an Aca-
demic Tertiary Care Hospital Centre.

The HemoCoV study was approved by the Academ-
ic Hospital Centre Ethics Committee (reference number
295/20). STROBE recommendations for cohort studies
were followed.?

Participants

Consecutive adult patients admitted to the Intensive
Care Department (ICU) with a diagnosis of COVID-19-relat-
ed acute respiratory failure (ARF) were evaluated for enroll-
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ment between August 20, 2020 and January 15, 2021.

Inclusion criteria were assessed and written informed
consent was obtained in all patients.

The diagnosis of SARS-CoV-2 infection was confirmed
by two positive polymerase chain reaction tests, in agree-
ment with recommendations from national health authori-
ties. Respiratory failure was defined as oxygen requirement
administered by either high-flow nasal cannula, non-inva-
sive ventilation or invasive mechanical ventilation (IMV),
consistent with the World Health Organization (WHO) clini-
cal progression scale definition of hospitalized severe dis-
ease.”

Inclusion and exclusion criteria

Inclusion criteria were patients aged 18 years or older
with confirmed SARS-CoV-2 infection admitted to the ICU
with moderate to severe hypoxemia (PaO,/FiO, ratio below
200), irrespective of ventilatory status.

The exclusion criteria included pregnancy, previously di-
agnosed cognitive disorder (preventing informed consent),
negative or SARS-CoV2 test not performed, absence of
blood sample for thromboelastometry analysis within the
first 24 hours of ICU admission, patients presenting with
septic shock, severe liver failure, active cancer disease,
history of congenital coagulation disorders, surgical proce-
dures in the last four weeks, death before 24 hours of ICU
admission, and withdrawal, refusal or inability to sign the
informed consent form.

Sample size

In this study, 151 patients were included between Au-
gust 2020 and January 2021. Six patients were withdrawn
from the analysis for meeting the exclusion criteria. The rea-
sons for exclusion were active cancer (n = 1), missing data
(n = 3), death in the first 24 hours (n = 1) and SARS-CoV-2
infection not confirmed (n = 1).

Outcomes

The primary outcome was extensive CAC characteriza-
tion at ICU admission and comparison with ICU discharge
data.

The secondary outcomes were extensive CAC charac-
terization at predefined time-points until day 30 of ICU stay
or until ICU discharge and comparison of thromboelasto-
metric parameters between survivors and non-survivors.

Intervention

Blood samples for ABO blood type, complete blood count
(CBC), thromboelastometry (ROTEM?®), coagulation tests
[D- dimer, prothrombin time—PT, activated partial thrombo-
plastin time-aPTT, fibrinogen, factor (F) VIII, von Willebrand
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factor (VWF): antigen (Ag) and ristocetin cofactor (RCo),
antithrombin], interleukin-6 (IL-6), ferritin, C-reactive protein
(CRP), procalcitonin (PCT), renal and liver function tests
and blood gas (including ionized calcium-iCa?*) were col-
lected in the following time points: within 24 hours after ICU
admission; immediately after implementing IMV or extracor-
poreal membrane oxygenation (ECMO); immediately after
a diagnosis of a thrombotic or hemorrhagic event; every
five-day interval along the initial 30 days of ICU admission;
at ICU discharge. Blood samples were not reassessed if
two events happened within four hours.

A clinically significant hemorrhagic event was defined
as grade 2 or higher of the WHO bleeding score.?* A clini-
cally significant thrombotic event was defined as grade 2 or
higher of the National Cancer Institute - Common Terminol-
ogy Criteria for Adverse Events.?> Glomerular Filtration Rate
(GFR) was defined by the Chronic Kidney Disease Epide-
miology Collaboration formula.?*?” Computed tomographic
angiography of the lung was performed in patients with
clinical suspicion of lung microthrombosis or a major throm-
boembolic event. Doppler was done if there was clinical
suspicion of a thrombotic event, and/or at ICU discharge.
The hypercoagulability profile was defined by thromboelas-
tometry parameters as clotting time (CT)-EXTEM < 45 sec-
onds,* clot formation time (CFT)-EXTEM < 50 seconds,?
maximum clot firmness (MCF)-EXTEM > 68 mm,**?* MCF-
FIBTEM > 22 mm?%; and hypofibrinolysis as lysis index at 60
minutes after CT (LIB0)-EXTEM = 97%,%%% lysis index at 30
minutes after CT (LI30) = 97%, LI60 = 97%, and maximum
lysis (ML) < 5% in any thromboelastometry assay.

Additional assessments at specific time points (imple-
mentation of IMV and ECMO, diagnosis of thrombotic or
hemorrhagic events) will be left for further evaluations.

Clinical data

Patient baseline characteristics were registered, includ-
ing blood group, relevant comorbidities and previous anti-
thrombotic therapy. Risk and prognostic scores were also
evaluated [simplified acute physiology score Il (SAPS lI),
sequential organ failure assessment (SOFA), sepsis-in-
duced coagulopathy score SIC)*® and disseminated intra-
vascular coagulopathy score (DIC)].*'

Clinical data were prospectively collected, including ven-
tilatory mode, plateau pressure, driving pressure, EtCO,/
PaCQ, ratio, and PaO,/FiO, ratio. Anticoagulation therapy
during ICU hospitalization was also registered. Hemorrhag-
ic and thrombotic events were classified as complications,
and triggered evaluation of coagulation parameters accord-
ing to the national guidelines and as defined previously in
this study, but will be left for further evaluation. Survival was
defined by hospital discharge, either to the community or
to another referring hospital. Mortality was defined as oc-
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currence of death during the whole in-hospital stay, which
includes ICU or subsequent ward admissions.

Laboratorial data

All laboratory assays were performed according to the
standardized manufacturer protocols, comprising: CBC
parameters (Coulter DX4900, Beckman-Coulter, Califor-
nia, USA); PT, aPTT, fibrinogen, FVIIl, vVWF:Ag, vVWF:RCo,
antithrombin (ACL TOP750, Werfen, Barcelona, Spain); D-
dimer (ACL TOP750 CT5, Werfen, Barcelona, Spain); IL-6,
ferritin, CRP, PCT, lactate dehydrogenase (LDH), creati-
nine, urea, aspartate aminotransferase (AST), alanine ami-
notransferase (ALT), albumin, bilirubin, and troponin (Co-
bas 8000, Roche, Basel, Switzerland), and iCa?* by blood
gas analysis.

Thromboelastometry (ROTEM®)

Rotational thromboelastometry is a viscoelastic testing
(VET) system, which evaluates the global coagulation pro-
cess on whole blood.?® VET allows for a global assessment
of clot initiation (e.g., CT), clot strength or amplitude (ampli-
tude at five minutes after CT-A5, amplitude at 10 minutes
after CT-A10, MCF- e.g. fibrinogen and platelet contribu-
tion), and clot stability (e.g. fibrinolysis: LI30, LI60, ML).*
In order to evaluate fibrinolysis, the established run time
was 70 minutes to achieve ML and LI60. Four assays as-
sessing extrinsic (EXTEM) and intrinsic (INTEM) clot activa-
tion, fibrinogen contribution to clot formation (FIBTEM), and
heparin presence (HEPTEM) were done at the same time
and at different time points of the previously described study
analysis, using a ROTEM® Delta device (Werfen, Barcelo-
na, Spain), and following the manufacturer's instructions.

Statistical methods

Baseline clinical characteristics, as well as clinical and
laboratory data, collected at the specified time points were
compared between survivors and non-survivors.

Patient characteristics are presented as median, with
the respective interquartile range (IQR) for the continuous
variables, according to the distribution underlying the data,
and as number (n) and percentage (%) for the categorical
variables. The normality underlying the data was evaluated
using the Shapiro-Wilk test.

Statistical comparisons between two independent
groups were performed with the Mann—-Whitney U test for
continuous variables and with the »? test for categorical
variables or Fisher’s exact test when applicable. Regarding
paired data, statistical comparisons were performed using
the Wilcoxon test.

All the results with a p-value < 0.05 were considered
significant. The statistical analysis was performed using the
software R Studio version 4.1.2. In case of missing data for
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a specific variable, these patients were not included in the
analysis including this same variable. No imputation was
performed.

RESULTS
Sample characteristics

A total of 151 consecutive patients were included. Of
these, six patients were excluded. The remaining 145 pa-
tients were eligible and were included in the analysis. The
patient’s main characteristics at ICU admission and during
ICU hospitalization are described in Tables 1 and 2, respec-
tively.

Patients included in our study were predominantly white
and male (86.9% and 73.8%, respectively) with a median
age of 64 years (IQR 55 - 74) (Table 1). Arterial hyperten-
sion was the most prevalent comorbidity (63.4%). Previous
thrombosis was documented in six patients. At ICU admis-

Table 1 — Patient characteristics at Intensive Care Unit admission

sion, 95 patients were already under anticoagulant therapy,
mainly prophylactic low molecular weight heparin (LMWH).

During ICU hospitalization (Table 2), 66.9% required
IMV, and 18.4% were treated with ECMO support. A throm-
botic or hemorrhagic event occurred in 22.1% and 15.1%
of patients, respectively. From early on during the ICU stay,
99.2% of patients received anticoagulation, mostly with pro-
phylactic and intermediate doses of LMWH. Overall, a mor-
tality rate of 35% was observed.

Clinical characteristics

Appendix 1 (Appendix 1: https://www.actame-
dicaportuguesa.com/revista/index.php/amp/article/
view/19475/15148) shows the evolution of different labora-
tory parameters plus clinical scores at different time points
of the analysis during the 30 days of ICU stay. The main
parameters with a significant p-value (p < 0.05) evaluated

Parameter n (%) IQR
Total number of patients 145
White 126 (86.9)
Male 107 (73.8)
Age (median) (years) 64 55-74
Weight (median) (kg) 82 73-96
Symptom-to-hospital admission (median)(days) 7 5-10
Symptom-to-ICU admission (median)(days) 9 7-12
Blood groups:
Group O: 52 (35.9)
Group non-O: 87 (60) Non-O: A:63; B:17;AB:7
Unclassified: 6 (4.1)
Comorbidities:
Arterial hypertension 92 (63.4)
Obesity 64 (44.1)
Diabetes 32 (22.1)
Previous lung disease 32 (22.1)
Heart disease 31(21.4)
Chronic kidney disease 18 (12.4)
Previous thrombosis 6 (4.10)
Anticoagulation at ICU admission 95 (65.5) LMWH:87, UFH:7, EDX:1, NA:50
Antiplatelet therapy at ICU admission 19 (13.1) AAS:15; Clop:3; AAS+Clop:1
Clinical Scores Median Variations
SAPS I 435 11 -105
SOFA 7.5 0-14
SIC 3 2-5
DIC 1 0-6

AAS: acetylsalicylic acid; DIC: disseminated intravascular coagulopathy; EDX: edoxaban; Clop: clopidogrel; ICU: Intensive care unit; IQR: Interquartile range; LMWH: Low molecular
weight heparin; NA: Not available; SAPS II: simplified acute physiology score II; SIC: Sepsis-induced coagulopathy; SOFA: Sequential organ failure assessment; UFH: Unfractionated

heparin.
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Table 2 — Patient characteristics during Intensive Care Unit hospitalization

Parameter n (%) IQR
ICU length-of-stay (median) (days) 14 5-27
Hospital length-of-stay (median) (days) 26 14.25 - 43.75

Anticoagulation during ICU hospitalization:

Day 5 (n = 125)

Day 30 (n = 35)

ICU Discharge (n = 145)
Invasive mechanical ventilation
ECMO support
Thrombotic events
Hemorrhagic events
Mortality rate:

Global

At ICU

At hospital (after ICU discharge)

124 (99.2%)
33 (94.3%)
139 (95.99)
97 (66.9)
26 (18.4)
32
22 (

LMWH:108; UFH:15; Biva:1
LMWH:25; UFH:6; Biva:2
LMWH:131; UFH:9

22.1)
15.1)

51 (35.0)
43 (29.7)
8 (5.50)

Biva: bivalirudin; ECMO: extracorporeal membrane oxygenation; ICU: Intensive Care Unit; IQR: interquartile range; LMWH: low molecular weight heparin; UFH: unfractionated heparin.

at admission versus at discharge are shown [full data is dis-
played in the supporting information (Appendix 2: https://
www.actamedicaportuguesa.com/revista/index.php/amp/
article/view/19475/15151)].

Lymphocyte and other blood counts, biochemical (LDH,
PCT, iCa*, creatinine, GFR, AST, ALT, albumin, troponin),
inflammatory (CRP, IL-6, ferritin), and coagulation (aPTT,
fibrinogen, FVIII, antithrombin) parameters, as well as
SOFA score, differed significantly (p < 0.05) between day
of admission and of discharge (Appendix 1: https://www.

actamedicaportuguesa.com/revista/index.php/amp/article/
view/19475/15148). The same was seen concerning throm-
boelastometric findings of hypercoagulability (EXTEM-CFT,
FIBTEM-A5, A10, MCF) and of hypofibrinolysis (EXTEM-
LI60, ML; INTEM and HEPTEM-LI30, LI60, ML).

On the other hand, no statistically significant differ-
ences were seen for the other coagulation parameters (D-
dimer, international normalized ratio (INR), vVWF:Ag, and
VWF:RCo), and for the SIC and DIC scores (Appendix 2:
https://www.actamedicaportuguesa.com/revista/index.php/

Table 3 — Thromboelastometry parameters: hypercoagulability and hypofibrinolysis in survivors versus non-survivors at Intensive Care
Unit (ICU) admission and day 30 of ICU hospitalization (percentage of patients)

Thromboelastometry ICU Admission-DAY 0 S(t:‘r\;i\é:r)'s NOI‘;;]S:I’;:\)IOTS
CFT-EXTEM < 50 sec. 37.2% 29.4%
Hypercoagulability MCF-EXTEM > 68mm 61.7% 56.9%
MCF-FIBTEM > 22mm 98.9% 96.0%
LIBO-EXTEM 2 97% 26.9% 42.9%
Hypofibrinolysis ML-EXTEM < 5% 9.5% 23.5%
LI30-INTEM 2 97% 95.7% 98.0%
Day 30 at ICU s(‘:]"f‘éj;s N°“(;1s‘=";’1i‘)’°rs
CFT-EXTEM < 50 sec. 28.5% 28.5%
Hypercoagulability MCF-EXTEM > 68mm 50.0% 50.0%
MCF-FIBTEM > 22mm 57.1% 78.6%
LIBO-EXTEM 2 97% 50.0% 78.6%
Hypofibrinolysis ML-EXTEM < 5% 37.5% 42.9%
LI30-INTEM 2 97% 100% 100%

CFT: clot formation time; ICU: Intensive Care Unit; LI30: Lysis index at 30 minutes after CT, LI60: Lysis index at 60 minutes after CT, MCF: maximum clot firmness; ML: maximum lysis;

sec: seconds; EXTEM/FIBTEM/INTEM: thromboelastometry assays.

Percentage of survivor versus non-survivor patients showing the described thromboelastometry parameters at Intensive care unit (ICU) admission and on day 30 of ICU hospitalization.
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CFT-FIBTEM-Along ICU hospitalization

(median values)
1440

1200 A

1000 \ A

/ N
0 T T T T T T T
Day 0 Day 5 Day 10 Day 15 Day 20 Day 25 Day 30
CFT-FIBTEM (p = 0.03)

A5-FIBTEM-Along ICU hospitalization
(median values)
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A10-FIBTEM-Along ICU hospitalization
(median values)
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—@— Survivors Non-survivors

Figure 1 — Hypercoagulability along 30 days of Intensive Care Unit
hospitalization: comparison between survivors (n = 94) and non-
survivors (n = 51) (median values).

A5: amplitude at 5 minutes after CT: A10: amplitude at 10 minutes after CT; CT: clotting
time; CFT: clot formation time; ICU: Intensive Care Unit. FIBTEM thromboelastometry
assay.

[p-value from Appendix 1 (Appendix 1: https://www.actamedicaportuguesa.com/revista/
index.php/amp/article/view/19475/15148)].

amp/article/view/19475/15151).

During ICU hospitalization (Appendix 1: https://www.
actamedicaportuguesa.com/revista/index.php/amp/article/
view/19475/15148), a slightly higher number of lympho-
cytes from day ten (D10) was observed, but median values
over 1x10%/L were only seen at D30 and at ICU discharge.
A slight decrease in the level of inflammatory parameters
(CRP, ferritin) was observed, although elevated levels were
still observed at D30 and ICU discharge. However, normal
median values of IL-6 were seen consistently from D15.

During the ICU stay, hypercoagulability was expressed
through consistent persistently high levels of FVIII, vVWF:Ag,
VWF:RCo, and by thromboelastometry parameters
(FIBTEM: A5, A10, MCF). Hypofibrinolysis expressed by
thromboelastometry parameters (mainly by median values
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of INTEM/HEPTEM - LI30, LI60, ML), was also observed
throughout ICU hospitalization, mostly until D30 (Appendix
1:  https://www.actamedicaportuguesa.com/revista/index.
php/amp/article/view/19475/15148). For all the other evalu-
ated parameters, there were no significant differences be-
tween the different time points (Appendix 2: https://www.
actamedicaportuguesa.com/revista/index.php/amp/article/
view/19475/15151).

Comparing data from survivors and non-survivors, at
ICU admission and on D30 of ICU stay (Table 3), patients
presented with hypercoagulability and hypofibrinolysis, as
defined elsewhere,*?° with greater incidence and severity
in non-survivors. Major and significant differences between
survivors and non-survivors were observed regarding the
presence and severity of hypofibrinolyis, being more pro-
nounced in non-survivors (Table 3, Figs. 1 and 2).

Higher hypercoagulability (FIBTEM: CFT, A5 and A10)
(Fig. 1) and greater hypofibrinolysis in all assays (EXTEM/
HEPTEM: LI60 and ML; INTEM: LI30, LI60 and ML) (Fig.
2) were observed in non-survivors compared with survivors
along the 30 days of ICU hospitalization.

Most patients received prophylactic and intermediate
doses of LMWH. No differences in the hypercoagulability
and hypofibrinolysis profiles were observed in thromboelas-
tometry between patients receiving prophylactic and inter-
mediate heparin doses.

DISCUSSION

HemoCoV is a real world, prospective and non-inter-
ventional study that evaluated COVID-19-associated co-
agulopathy (CAC) and its implications in the clinical course
of SARS-CoV-2 infection along 30 days of ICU hospitaliza-
tion. One hundred and forty-five consecutive patients with
COVID-19 moderate to severe acute respiratory failure
were assessed for extensive evaluation of coagulation pa-
rameters, using conventional tests and thromboelastometry.
Despite anticoagulation treatment, thromboelastometry still
revealed significant coagulation abnormalities expressed by
hypercoagulability and hypofibrinolysis, since ICU admis-
sion (initial phases of disease) and persisting throughout
the clinical course. Both changes were more pronounced in
patients with higher disease severity and in non-survivors.
More prevalent and severe hypofibrinolysis was observed
in non-survivors. This may reflect a significant role of hy-
pofibrinolysis in the pathophysiology of severe COVID-19.

Similar results have been previously described,*-*¢ sug-
gesting that thromboelastometry parameters may be useful
to distinguish coagulation patterns between patients with
non-severe and severe COVID-19.** Some authors addi-
tionally suggest that this phenotypic characterization may
be useful for personalized therapeutic intervention.** None
of our patients had CT-EXTEM under 45 seconds, often
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Figure 2 — Hypofibrinolysis along 30 days of Intensive Care Unit hospitalization: comparison between survivors (n = 94) and non-survivors

(n = 51) (median values).

CT: clotting time; ICU: Intensive Care Unit; MCF: maximum clot firmness; LI30: Lysis index at 30 minutes after CT; LI60: Lysis index at 60 minutes after CT, ML: maximum lysis; Maximum
lysis (ML): is the reduction of clot firmness after the MCF. INTEM/EXTEM thromboelastometry assays.
[p-value from Appendix 1 (Appendix 1: https://www.actamedicaportuguesa.com/revista/index.php/amp/article/view/19475/15148)].

linked to hypercoagulability,”® as previously described in
other studies.*® The higher burden of fibrinogen and other
coagulation factors (FVIII, vWF) along the clinical course of
COVID-19, was observed in our study also by the elevated
levels of CT-FIBTEM and no significant differences be-
tween ICU admission and discharge. To stress the clinical
importance of hypercoagulability, some authors®=" propose
a cut-off for MCF-FIBTEM over 27mm to differentiate be-
tween severe and non-severe forms of COVID-19 disease,
with high accuracy.®® In our patients the median values of
MCF-FIBTEM were above the normal range from ICU ad-
mission to discharge, although showing a significant differ-
ence (p = 0.02). Concerning fibrinolysis, there have been
suggestions of a functional shutdown in patients with severe
COVID-19.%%° This description matches our findings, which
revealed decreased fibrinolysis, suggesting a prothrombot-
ic condition and thus compromising vascular permeability.
This finding is not always reproducible,® which highlights
the complex interactions of the coagulation system.
D-dimer levels in our population did not differ significant-
ly between time point analyses, despite previous sugges-
tions of it being a reliable predictor of disease severity or a
prognostic marker for in-hospital mortality.*’ Conversely, as
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others described,*? fibrinogen levels were significantly dif-
ferent from ICU admission to discharge (p < 0.001), and
high prevalence of increased fibrinogen levels (> 7 g/L) at
admission*® were observed. Hence, a careful assessment
of fibrinogen is required for stratifying CAC, which may have
been overlooked and may need to be revisited.*

As previously described in the recent literature,* severe
lymphopenia was identified in our study with a statistically
significant difference in lymphocyte count between ICU ad-
mission and discharge (p < 0.001), reflecting the severity of
this viral disease.

To the best of our knowledge, our study is one of the
first where different coagulation tests (standard coagulation
and viscoelastic tests) as well as biochemical and clinical
parameters were prospectively and extensively analyzed in
COVID-19 patients during 30 days of ICU hospitalization.
This allowed us to analyze CAC with a holistic view, iden-
tifying coagulation abnormalities that may have a clinical
impact on future evaluation and treatment of these patients.
One of the strengths of our study is the longitudinal tempo-
ral characterization of coagulation abnormalities. Almost all
coagulation tests evaluated differed from the initial to the
final stages of the disease. The changes documented in our
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study strongly suggest that pathophysiological mechanisms
involved in COVID-19 may be related to a hyperthrombotic
profile along with hypofibrinolysis. This could be extremely
useful in clinical practice, namely for defining distinctive
therapeutic interventions, such as anticoagulation imple-
mentation and dosage, and for stratification of the patient’s
individual risk in subsequent studies. Moreover, and by be-
ing a single center study, it allowed us to ensure similar es-
tablished interventions and homogeneous therapeutic and
intensive care interventions.

Our study has several limitations. Firstly, it is a single-
center, open-label, and non-randomized study, with a spe-
cific cohort that might not be representative of other popula-
tions. As genetic factors are known to affect the coagulation
system, our findings should be reproduced and evaluated in
other settings and other genetic backgrounds. Additionally,
it should be recognized that this study took place during
the SARS-CoV-2 delta variant pandemic wave, and hence
there is no irrevocable evidence that similar results would
occur with other coronavirus variants.

CONCLUSION

Our study found that hypercoagulability and hypofibri-
nolysis, as assessed by rotational thromboelastometry,
are present from ICU admission and persist throughout
the clinical course of severe COVID-19 patients, despite
receiving anticoagulation treatment. This profile was more
pronounced in patients with higher disease severity. Hypo-
fibrinolysis was more prevalent and more severe in non-
survivors, which may reflect its significant role in the patho-
physiology of severe COVID-19. Better characterization of
COVID-19-associated coagulopathy might help identify se-
vere COVID-19 disease and poor outcomes.

ACKNOWLEDGEMENTS

The authors acknowledge all medical doctors and
nurses working in the ICU for their support in persisting this
study in a chaotic and busy pandemic crisis.

Further acknowledgement to biomedical scientist Ma-
falda Teodoro, from the Transfusion Medicine Department,
for the special technical assistance in thromboelastometry
assays and for the resolution of several and serious logis-
tic problems regarding those assays. The authors further
acknowledge to the following biomedical scientists for their
technical assistance in thromboelastometry assays: S.
Aquino, M. Alho, C. Cavaco, N. Fernandes, F. Ferreira, F.
Gil, F. Lima, P. Martins, R. Martins, T. Oliveira, J. Santos, R.
Silvestre, M. Sobral, C. Zulmira.

The authors acknowledge the Clinical Pathology De-
partment for their effort in analytical evaluation (biochemical
and standard coagulation) included in this study.

Revista Cientifica da Ordem dos Médicos 503

The authors specially acknowledge WERFEN Portugal
for partially supporting this study through the partial offer
of reagents for the thromboelastometry assays. WERFEN
Portugal had no role in study design, development, or pub-
lication, entirely respecting the authors™ scientific indepen-
dency.

AWARDS AND PREVIOUS PRESENTATIONS

This work was presented at the 35" European Society
of Intensive Care Medicine (ESICM) Annual Congress, on
22M — 26" October 2022, in Paris, France; and at the XII
National Congress of Association Portuguese of Immune-
hemotherapy (Transfusion Medicine) (APIH), on 14" — 15t
October 2022, in Figueira da Foz, Portugal.

AUTHOR CONTRIBUTIONS

AR: Concept and design of the study, data collection,
analysis and interpretation of data, critical writing, revision
and approval of the final version.

TDD, GNJ: Analysis and interpretation of data, critical
writing, revision and approval of the final version.

AG, ARR, CJC: Data collection, analysis and interpreta-
tion of data, revision and approval of the final version.

CLP: Data collection, revision and approval of the final
version.

DC: Data collection, analysis and interpretation of data,
revision and approval of the final version.

AB: Revision and approval of the final version.

JMR: Analysis and interpretation of data, revision and
approval of the final version.

PROTECTION OF HUMANS AND ANIMALS

The authors declare that the procedures were followed
according to the regulations established by the Clinical Re-
search and Ethics Committee and to the Helsinki Declara-
tion of the World Medical Association updated in 2013.

DATA CONFIDENTIALITY

The authors declare having followed the protocols in
use at their working center regarding patients’ data publica-
tion.

COMPETING INTERESTS
The authors have declared that no competing interests
exist.

FUNDING SOURCES

This work is partially financed by national funds through
FCT (Fundagéo para a Ciéncia e Tecnologia) under the
project UIDB/00006/2020.

www.actamedicaportuguesa.com

ARTIGO ORIGINAL



TIVNIDIHO O9ILYV

Rodrigues A, et al. COVID-19-coagulopathy characterization, Acta Med Port 2023 Jul-Aug;36(7-8):496-505

REFERENCES

1.

2.

20.

21.

Connors JA, Iba T, Gandhi RT. Thrombosis and COVID-19: controversies
and (tentative) conclusions. Clin Infect Dis. 2021;73:2294-7.

Magnani HN. Rational for the role of heparin and related gag
antithrombotics in COVID-19 infection. Clin Appl Thromb Hemost.
2021;27:1-26.

Thachil J, Juffermans NP, Ranucci M, Connors JM, Warkentin TE, Ortel
TL, et al. ISTH DIC subcommittee communication on anticoagulation in
COVID-19. J Thromb Haemost. 2020;18:2138-44.

Ramacciotti E, Macedo AS, Biagioni RB, Caffaro RA, Lopes RD, Guerra
JC, et al. Evidence-based guidance for the antithrombotic management
in patients with coronavirus disease (COVID-19) in 2020. Clin Appl
Thromb Hemost. 2020;26:1-8.

Flaczyk A, Rosovsky RP, Reed CT, Bankhead-Kebdall BK, Bittner E,
Chang MG. Comparison of published Guidelines for Management of
Coagulopathy and Thrombosis in Critically Il Patients with COVID-19:
implications for clinical practice and future investigations. Critical Care.
2020;24:559.

Bikdeli B, Madhavan MV, Jimenez D, Chuich T, Dreyfust |, Driggin E, et
al. COVID-19 and thrombotic or thromboembolic disease: implications
for prevention, antithrombotic therapy, and follow-up. JACC state-of-the-
art-review. J Am Coll Cardiol. 2020;75:2950-73.

Riva G, Nasillo V, Tagliafico E, Trenti T, Comoli P, Luppi M. COVID-19:
more than a cytokine strom. Critical Care. 2020;24:549-51.

Zanza C, Racca F, Longhitano Y, Piccioni A, Franceschi F, Artico M, et
al. Risk management and treatment of coagulation disorders related to
COVID-19 infection. Int J Environ Res Public Health. 2021;18:1268.
Tang N, Li D, Wang X, Sun Z. Abnormal coagulation parameters are
associated with poor prognosis in patients with novel coronavirus
pneumonia. J Thromb Haemost. 2020;18:844-7.

. Han H, Yang L, Liu R, Liu F, Wu KL, Li J, et al. Prominent changes

in blood coagulation of patients with SARS-CoV-2 infection. Clin Chem
Lab Med. 2020;58:1116-20.

. Zhou F, YuT, Du R, Fan G, Liu Y, Liu Z, et al. Clinical course and risk

factors for mortality of adult inpatients with COVID-19 in Wuhan, China:
a retrospective cohort study. Lancet. 2020;395:1054-62.

. Wu C, Chen X, CaiY, Xia J, Zhou X, Xu S, et al. Risk factors associated

with acute respiratory distress syndrome and death in patients with
coronavirus disease 2019 pneumonia in Wuhan, China. JAMA Intern
Med. 2020;180:934-43.

. Gao Y, Li T, Han M, Li X, Wu D, Xu Y, et al. diagnostic utility of clinical

laboratory data determinations for patients with the severe COVID-19. J
Med Virol. 2020;92:791-6.

. Hu B, Huang S, Yin L. The cytokine storm and COVID-19. J Med Virol.

2021;93:250-6.

. Zanza C, RomensKaya T, Manetti C, Franceschi F, La Russa R, Bertozzi

G, et al. Cytokine storm in COVID-19 immunopathogenesis and therapy.
Medicina. 2022;58:144.

. Schulman S, Sholzberg M, Spyropoulos AC, Zarychanski R, Resnick

HE, Bradbury CA, et al, on behalf of the International Society on
Thrombosis and Haemostasis. ISTH guidelines for antithrombotic
treatment in COVID-19. J Thromb Haemost. 2022;20:2214-25.

. COVID-19 Treatment Guidelines Panel. Coronavirus disease 2019

(COVID-19) treatment guidelines. National Institutes of Health (NIH).
[cited 2023 Mar 11]. Available at: https://www.covid19treatment
guidelines.nih.gov.

. Cuker A, Tseng EK, Nieuwlaat R, Angchaisuksiri P, Blair C, Dane K,

et al. American Society of Hematology 2021 Guidelines on the use of
anticoagulation for thromboprophylaxis in patients with COVID-19.
Blood Advances. 2021;5:872-88.

. Cuker A, Tseng EK, Nieuwlaat R, Angchaisuksiri P, Blair C, Dane K,

et al. American Society of Hematology living Guidelines on the use of
anticoagulation for thromboprophylaxis in patients with COVID-19:
january 22 update on the use of therapeutic-intensity anticoagulation in
acutely ill patients. Blood Advances. 2022;6:4915-23.

Kreuziger LB, Sholzberg M, Cushman M. Anticoagulation in hospitalized
patients with COVID-19. Blood. 2022;140:809-14.

Barnes GD, Burnett A, Allen A, Ansell J, Blumenstein M, Clark NP, et
al. Thromboembolic prevention and anticoagulation therapy during the

Revista Cientifica da Ordem dos Médicos 504

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

COVID-19 pandemic: update clinical guidelines from the anticoagulation
forum. J Thromb Thrombolysis. 2022;54:197-210.

Von EIm E, Altman DG, Egger M, Pocok SJ, Gotzsche PC,
Vandenbroucke JP, for the STROBE Initiative. The Strengthening
the Reporting of Observational Studies in Epidemiology (STROBE)
statement: guidelines for reporting observational studies. PLOS Med.
2007;4:296.

Marshall JC, Murthy S, Diaz SJ and collaborators of WHO Working
Group on the Clinical Characterization and Management of COVID-19
infection. A minimal common outcome measure set for COVID-19 clinical
research. WHO Working Group on the Clinical Characterization and
Management of COVID-19 infection. Lancet Infect Dis. 2020;20:e192-7.
Estcourt L, Birchall J, Allard S, Bassey SJ, Hersey P, Kerr JP, et al, on
behalf of British Committee for Standards in Haematology. Guidelines
for the use of platelet transfusions. Br J Haematol. 2017;176:365-94.
U.S. Department of Health and Human Services. Common Terminology
Criteria for Adverse Events (CTCAE) v5.0. 2017. [cited 2017 Nov 27].
Available from: https://ctep.cancer.gov/protocoldevelopment/electronic_
applications/docs/CTCAE_v5_Quick_Reference_8.5x11.pdf.

Schwartz GJ, Furth SL. Glomerular filtration rate measurement and
estimation in chronic kidney disease. Pediatr Nephrol. 2007;22:1839-48.
O’Callaghan CA, Shine B, Lasserson DS. Chronic kidney disease: a
large-scale population-based study of the effects of introducing the
CKD-EPI formula for eGFR reporting. BMJ Open. 2011;1:000308.
Gorlinger K, Pérez-Ferrer A, Dirkmann D, Saner F, Maegele M,
Calatayud AA, et al. The role of evidence-based algorithms for
rotational thromboelastometry-guided bleeding management. Korean J
Anesthesiol. 2019;72:297-322.

Gorlinger K, Pérez-Ferrer A. Algoritmo basado en test POC para el
manejo de la hemorragia aguda. In: Pérez-Ferrer A, Garcia-Erce JA,
editors. Medicina transfusional. Patient blood management. 2™ ed.
Madrid: Editorial Medica Panamericana; 2019. p.75-110.

International Society on Thrombosis and Haemostasis. Sepsis-induced
coagulopathy [SIC] algorithm. A practical guide to haemostasis. [cited
2022 Sep 27]. Available from: https://practical-haemostasis.com/
Clinical%20Prediction%20Scores/Formulae%20code%20and%20
formulae/Formulae/DIC/isth_sic_score.html.

International Society of Blood Transfusion. Criteria for disseminated
intravascular coagulation [DIC]. [cited 2023 Mar 11]. Available from:
https://www.mdcalc.com/isth-criteria-disseminated-intravascular-
coagulation-dic.

Mc Michael AB, Ryerson LM, Ratano D, Fan E, Faraoni D, Annich GM.
2021 ELSO Adult and pediatric anticoagulation guidelines. ASAIO J.
2022;68:303-10.

Almskog LM, Wikman A, Svensson J, Wanecek M, Bottai M, van der
Linden J, et al. Rotational thromboelastometry results are associated
with care level in COVID-19. J Thromb Thrombolysis. 2021;51:437-45.
Gonenli MG, Komesti Z, Incir S, Yalgin O, Akay OM. Rotational
thromboelastometry reveals distinct coagulation profiles for patients with
COVID-19 depending on disease severity. Clin App Thromb Hemost.
2021;27:1-7.

Aires RB, Soares AS, Gomides AP, Nicola AM, Teixeira-Carvalho
A, Silva DL, et al. Thromboelastometry demonstrates endogenous
coagulation activation in nonsevere and severe COVID-19 patients and
has applicability as a decision algorithm for intervention. PLoS One.
2022;14;17:€0262600.

Rodrigues A, Seara Sevivas T, Leal Pereira C, Caiado A, Robalo Nunes
A. Viscoelastic tests in the evaluation of haemostatic disorders in SARS-
CoV-2 infection. Acta Med Port. 2020;33:1-13.

Spieza L, Boscolo A, Poletto F, Cerruti L, Tiberio I, Campeloo E, et
al. COVID-19-related severe hypercoagulability in patients admitted
to intensive care unit for acute respiratory failure. Thromb Haemost.
2020;120:998-1000.

Wright FL, Vogler TO, Moore EE, Moore MB, Wohlauer MV, Urbans S,
et al. Fibrinolysis shutdown. Correlation with thromboembolic events in
severe COVID-19 infection. J Am Coll Surg. 2020;231:193-203e1.
Heinz C, Miesbach W, Hermann E, Sonnatagbauer M, Raimann FJ,
Zacharowski K, et al. Greater fibrinolysis resistance but no greater

www.actamedicaportuguesa.com



40.

41.

42.

Rodrigues A, et al. COVID-19-coagulopathy characterization, Acta Med Port 2023 Jul-Aug;36(7-8):496-505

platelet aggregation in critically ill COVID-19 patients. Anesthesiol.
2021;134:457-67.

Creel-Bulos C, Auld SC, Caridi-Scheible M, Barker NA, Friend S, Gaddh
M, et al. Fibrinolysis shutdown and thrombosis in a COVID-19 ICU.
Shock. 2021;55:316-20.

Zhan H, Chen H, Liu C, Cheng L, Yan S, Li H, et al. Diagnostic value of
D-dimer in COVID-19. A meta-analysis and meta-regression. Clin App
Thromb Hemost. 2021;27:1-10.

Jaim S, Subhashimi H, Kumari G, Narayan A, Kumar A, Ranjan P, et

43.

44.

Revista Cientifica da Ordem dos Médicos 505

al. Fibrinogen in COVID-19: interpreting from current evidence. JAM.
2020;9:5-10.

Zou Y, Guo H, Zhang Y, Zhang Z, Liu Y, Wang J, et al. Analysis of
coagulation parameters in patients with COVID-19 in Shangai, China.
Biosci Trends. 2020;14:285-9.

Henry BM, de Oliveira MH, Benoit S, Plebani M, Lippi G. Hematologic,
biochemical and immune biomarker abnormalities associated with
severe illness and mortality in coronavirus disease 2019 (COVID-19): a
meta-analysis. Clin Chem Lab Med. 2020;58:1021-8.

www.actamedicaportuguesa.com

ARTIGO ORIGINAL



