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Abstract

Severe COVID-19 patients demonstrate hypercoagulability, necessitating thromboprophylaxis. However, less is known
about the haemostatic profile in mild COVID-19 patients. We performed an age and gender-matched prospective study of
10 severe and 10 mild COVID-19 patients. Comprehensive coagulation profiling together with Thromboelastography and
Clot Waveform Analysis were performed. FBC, PT, APTT, D-dimer, fibrinogen and CWA were repeated every 3 days for
both groups and repeat TEG was performed for severe patients up till 15 days. On recruitment, severe patients had markers
reflecting hypercoagulability including raised median D-dimer 1.0 pg/mL (IQR 0.6, 1.4) (p=0.0004), fibrinogen 5.6 g/L.
(IQR 4.9, 6.6) (p=0.002), Factor VIII 206% (IQR 171, 203) and vWF levels 265.5% (IQR 206, 321). Mild patients had
normal values of PT, aPTT, fibrinogen and D-dimer, and slightly elevated median Factor VIII and von Willebrand factor
(VWF) levels. Repeated 3-day assessments for both groups showed declining trends in D-dimer and Fibrinogen. CWA of
severe COVID-19 group demonstrated hypercoagulability with an elevated median values of aPTT delta change 78.8% (IQR
69.8, 85.2) (p=0.001), aPTT clot velocity (minl) 7.8%/s (IQR 6.7, 8.3) (p=0.001), PT delta change 22.4% (IQR 19.4, 29.5)
(p=0.004), PT minl 7.1%/s (IQR 6.3, 9.0) (p=0.02), PT clot acceleration (min 2) 3.6%/s* (IQR 3.2, 4.5) (p=0.02) and PT
clot deceleration (max2) 2.9%/s> (IQR 2.5, 3.5) (p=0.02). TEG of severe patients reflected hypercoagulability with signifi-
cant increases in the median values of CFF MA 34.6 mm (IQR 27.4,38.6) (p=0.003), CRT Angle 78.9° (IQR 78.3, 80.0)
(p=0.0006), CRT A10 67.6 mm (IQR 65.8, 69.6) (p=0.007) and CFF A10 32.0 mm (IQR 26.8, 34.0) (p=0.003). Mild
COVID-19 patients had absent hypercoagulability in both CWA and TEG. 2 severe patients developed thromboembolic events
while none occurred in the mild COVID-19 group. Mild COVID-19 patients show absent parameters of hypercoagulability
in global haemostatic tests while those with severe COVID-19 demonstrated parameters associated with hypercoagulability
on the global haemostatic tests together with raised D-Dimer, fibrinogen, Factor VIII and vWF levels.
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Highlights

e The haemostatic profile of mild hospitalized COVID-19
patients is not well defined.

e Mild COVID-19 patients demonstrate mildly elevated
markers of coagulation (Factor VIII and vWF)

e Mild COVID-19 patients show absent parameters of
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e Global haemostatic tests may lead to increased sensitivity
in the diagnosis of COVID-19 associated hypercoagula-
bility.

Introduction

The COVID-19 pandemic remains a serious global health
threat, with more virulent new variants emerging. While
most COVID-19 infections are mild, a subset progress to
severe or critical illness, characterized by acute respira-
tory distress syndrome, often accompanied with multio-
rgan failure. With the lungs as the thrombotic epicenter
causing pulmonary intravascular coagulopathy, severe
COVID-19 is characterized by a high incidence of macro
and microvascular thromboembolic events due to COVID-
19 associated coagulopathy (CAC) [1, 2]. This may be
attributed to platelet activation, endothelial dysfunction,
neutrophil extracellular traps and activation of the coag-
ulation cascade, which are reflective of an uncontrolled
proinflammatory response with immune dysregulation
and rarely, cytokine storm, in these severe or critically ill
patients with sepsis. While hypercoagulability [3] and a
high incidence of thrombosis [4, 5] in severely ill COVID-
19 patients has been well described, less is known about
the haemostatic profile in patients with mild COVID-19
infection who are non-hypoxic with normal chest imaging.

CAC can be dynamic with some patients being pro-
thrombotic while others can be at risk of bleeding. The
coagulation derangements are more marked in those who
are severely or critically ill, likely reflective of a higher
burden of micro thrombosis which may precede overt
organ failure. Early recognition of CAC and the prompt
initiation of thromboprophylactic therapy may lower risk
of thromboembolic disease and improve outcomes. While
standard coagulation tests are useful as a baseline assess-
ment of coagulation profile, they are not sensitive enough
to detect hypercoagulable and mild hypocoagulable states.
These tests also do not provide sufficient information to
diagnose and treat patients timely and according to their
phenotype. Global tests of haemostasis [6—8] such as clot
waveform analysis (CWA) and viscoelastic testing using
thromboelastography (TEG) [9] or rotational thromboelas-
tometry (ROTEM) [10] are helpful in the dynamic assess-
ment of haemostasis in acutely ill COVID-19 patients and
can improve this assessment [11].

The ISTH [12] and latest CHEST guidelines [13] on
VTE and management in hospitalized COVID-19 patients
have recommended a universal strategy of routine throm-
boprophylaxis with standard-dose UFH or LMWH after
careful assessment of bleed risk, with the ISTH suggesting
intermediate-dose LMWH may also be considered. While
the ACTIV-4, REMAP-CAP and ATTACC multicentre

trials [14] studied therapeutic anticoagulation dose hepa-
rin versus standard prophylaxis in COVID-19 patients in
the ICU or those who were moderately ill in the general
ward, mildly ill COVID-19 patients who are hospitalized
are underrepresented in ongoing trials with a lack of high-
quality evidence on the use of routine thromboprophy-
laxis in such patients. Moreover, direct comparison of the
haemostatic profiles of mildly ill COVID-19 patients and
severely ill COVID-19 patients is lacking.

To address this gap, we performed this study with the aim
to describe and clinically correlate haemostatic profile of
COVID-19 infection in severely ill patients compared with
mildly ill patients matched for age and sex, by evaluating
longitudinally, their basic coagulation parameters as well
as performing global haemostatic tests using Thromboelas-
tography and Clot Waveform analysis, with the secondary
objective of evaluating outcomes of thrombosis in these 2
groups of patients.

Methods
Study design and setting

This was a prospective cohort study conducted at the
National Centre for Infectious Diseases, Singapore. The
study was approved by the National Healthcare Group
Domain Specific Research Board (DSRB) and written
informed consent obtained. We followed the Strengthening
the Reporting of Observational Studies in Epidemiology
(STROBE) statement for cohort studies in the preparation
of this manuscript.

Participants

Due to prevailing public health policy in Singapore, all
diagnosed COVID-19 patients (including those with
asymptomatic or mild COVID-19) are quarantined in
hospitals or community care facilities. Patients > 21 years
of age who were admitted to the National Centre for
Infectious Diseases, Singapore from June 2020 to Janu-
ary 2021 and met clinical criteria for COVID-19 with
laboratory-confirmed SARS-CoV-2 infection as con-
firmed by PCR were screened. Patients who had either
one of the following: PaO2/FiO2 ratio < 300 at screen-
ing (severe COVID-19) or SpO2>95% on room air at
screening without abnormal chest X ray findings (mild
COVID-19), were prospectively enrolled and analysed.
These criteria were adapted from the Clinical Spectrum
of SARS-CoV-2 Infection [15] by the National Institutes
of Health (NIH), which defines severe illness as individ-
uals who have SpO2 <94% on room air at sea level, a
ratio of arterial partial pressure of oxygen to fraction of
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inspired oxygen (PaO2/Fi02) <300 mm Hg, respiratory
frequency > 30 breaths/min, or lung infiltrates > 50%, and
critical COVID-19 as individuals who have respiratory
failure, septic shock, and/or multiple organ dysfunction.
Patients with mild illness can exhibit a variety of symp-
toms such as fever, cough, sore throat, malaise, headache,
muscle pain, nausea, vomiting, diarrhea, loss of taste and
smell; they do not have shortness of breath, dyspnea on
exertion, or abnormal chest imaging.

Exclusion criteria included patients with the follow-
ing conditions: congenital bleeding diathesis or thrombo-
philia, active bleeding at screening, established chronic
liver failure, haemoglobin less than 7.5 g/dl within the
previous 48 h, on long term anti-coagulants (patients on
anti-platelet agents were not excluded) or those who were
started on therapeutic anti-coagulation during their admis-
sion. However, patients who were initiated on standard
dose pharmacological thromboprophylaxis i.e., subcutane-
ous low molecular weight heparin (LMWH) or unfraction-
ated heparin (UFH), were not excluded. Patients had their
blood samples taken on the day of recruitment as well
as every 72 h till discharge or up to day 15 for both the
critically ill and non-critically ill, non-oxygen dependent
patients. Clinical data of a total of 20 patients recruited
from June 2020 to Jan 2021 (10 severe patients compared
with 10 mild patients matched for age and sex based on
the above inclusion and exclusion criteria) was obtained.

Clinical and laboratory data

Baseline patient characteristics included age, sex, ethnic
group, comorbidities, and day of illness at point of enrol-
ment. Disease severity upon recruitment was classified
using the Sequential Organ Failure Assessment (SOFA)
and PaO2/FiO2 ratio. Clinical data were prospectively
collected including laboratory investigations, length of
hospital and ICU stay, thrombotic and bleeding events
and survival outcomes where available from clinical test-
ing. Recorded interventions included the use of antivirals,
systemic corticosteroids, respiratory support, and antico-
agulants. Patients that survived to hospital discharge were
considered survivors for the purposes of these analyses.
On recruitment (Day 0), venous blood was collected
into Ethylenediaminetetraacetic acid (EDTA) tubes (Bec-
ton—Dickinson, New Jersey, USA) for baseline full blood
count, and 3.2% trisodium citrate tubes for clotting factor
levels, von Willebrand Factor antigen, Protein C, Protein
S, anti-thrombin III. Anti-phospholipid screening was only
performed for patients with a prolonged aPTT at baseline.
Serial full blood count and DIC screen (comprising of PT,
PTT, Fibrinogen, D-dimer), serial TEG (only for critically
ill patients) and serial CWA (all patients) were performed
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at 3-day (+ 1 day) intervals till Day 15 of recruitment (see
supplementary material, Study protocol: Study schedule
Table 1).

Materials
Tests of haemostasis

Coagulation tests were performed on the STA R Max Series
coagulation analyzer (Diagnostica Stago, France). PT was
quantified with STA Neoplastine CI Plus 10, aPTT with
STACephascreen 10, fibrinogen (modified Clauss) with STA
Liquid FIB, D-dimer with STA Liatest D-Di and thrombin
clotting time with STA Thrombin 10. Clotting factor levels
(Factors I1, V, VII, VIII, IX, X, XI) were measured with STA
Deficient II, V, VII, VIII, IX, X, and XI respectively. Von
Willebrand factor (vWF) antigen was assayed with immu-
noturbidimetric method using STA Liastest vWF: Ag kit.
Both assays for protein C and anti-thrombin III are func-
tional chromogenic assays using STA Stachrom protein C
and STA Stachrom ATIII kits respectively. The Protein S
assay used is a functional clotting assay using a STA Sta-
clot protein S kit. Lupus anticoagulant was performed using
STA Staclot DRVV Screen, STA Staclot DRVV Confirm
and PTT-LA. Anti-cardiolipin IgM and IgG were quantified
using Inova test kits, and anti-B2-glycoprotein-1, Euroim-
mun test kit, both were performed on the Inova Quanta-lyser
3000 analyzer.

Global haemostatic tests

Thromboelastography was performed using (TEG) (Hae-
monetics, TEG6s). The TEG-6 is a microfluidic automated
cartridge-based assay, where the citrated multichannel assay
measures platelet—fibrin clot strength (maximal amplitude),
reaction time (R time), kinetics (K, measure of time to reach
20 mm of clot strength from R) and angle (representative
of the velocity of clot strength generation). Clot waveform
analysis (CWA) was performed with Sysmex CN-6000 auto-
mated coagulation analyser (Sysmex Corporation, Kobe,
Japan) with Dade Actin FSL (Siemens Healthcare, Marburg,
Germany) for aPTT CWA and Innovin (Siemens Health-
care, Marburg, Germany) for PT CWA, as per International
Society of Haemostasis and Thrombosis (ISTH) Scientific
and Standardization Committee recommendation [16]. Four
quantitative parameters were recorded: “Delta change” (dif-
ference between initial maximum and final maximum val-
ues of light transmittance), “Minl” (maximum velocity),
“Min2” (maximum acceleration), and “Max2” (maximum
deceleration).
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Table 1 Demographic and

s o . Mildly ill COVID- Severely ill COVID-  p-value
Cllnlcgl characteristics of Covid- 19 patients (n=10) 19 patients (n=10)
19 patients
Age (years); median (IQR) 60 (50, 65) 60 (49, 64) 0.84
Gender; n (%) >0.99
Male 8 (80.0) 8 (80.0)
Female 2 (20.0) 2 (20.0)
Ethnic group; n (%) 0.44
Chinese 3(30.0) 2(20.0)
Malays 2 (20.0) 5(50.0)
Indians 4 (40.0) 1 (10.0)
Others 1(10.0) 2 (20.0)
Comorbidities; n (%)
Hypertension 7 (70.0) 5 (50.0) 0.65
Hyperlipidaemia 6 (60.0) 3(30.0) 0.37
COPD 2 (20.0) 2 (20.0) >0.99
Ischemic heart disease 2(20.0) 1(10.0) >0.99
Diabetes mellitus 4 (40.0) 5(50.0) >0.99
Renal impairment 2(20.0) 2(20.0) >0.99
Day of illness at point of haemostatic assess- 6.5 (5, 8) 9.5 (6, 13) 0.24
ment; median (IQR)
PADUA Score on assessment; median (IQR) 33,4 5(,5) 0.0001
SOFA score on ICU admission; median (IQR) - 2(2,4.5) -
PaO,/ FiO, on ICU admission median (IQR) - 194.5 (174, 241) -
Highest oxygen requirement; n (%) <0.001
Invasive ventilation 0(0.0) 3 (30.0)
High flow oxygen (>4L/min) 0(0.0) 6 (60.0)
Low flow oxygen (<4L/min) 0(0.0) 1 (40.0)
No supplemental oxygen 10 (100.0) 0(0.0)
Anti-coagulation; n (%)
Prophylactic 0(0.0) 9 (90.0) <0.001
Experimental medication; n (%) >0.99
Baricitinib 0(0.0) 2(20.0)
Dexamethasone 0(0.0) 6 (60.0)
Remdesivir 2(20.0) 7 (70.0)
Thrombotic complications; n(%) 0(0.0) 2(20.0) 0.47
Bleeding complications; n (%) 0(0.0) 1(10.0) >0.99
Outcome; n (%)
Death 0(0.0) 1(10.0)
Discharged 9 (90.0) 9 (90.0) >0.99
Transferred 1(10.0) 0(0.0)
Length of ICU stay (Days); median (IQR) - 8 (5, 10.5) -
Length of hospital stay (Days); median (IQR) 7(6,11) 17 (13, 19) 0.02

Statistical analysis

Descriptive analyses were used to summarise the base-
line characteristics and laboratory findings among the
severely ill and mildly ill COVID-19 patients. For cate-
gorical data, frequencies and percentages were presented.
Tests of association were performed by the Pearson’s
chi-square test if expected counts in all cells were 5 or

more, or by the Fisher’s exact test if one of the expected
counts was fewer than 5. For continuous data, median
and interquartile range (IQR) were presented due to its
skewed distribution. Tests of association between mild
COVID-19 patients and severe COVID-19 patients were
performed using the Wilcoxon rank-sum test. A 2-sided
p-value < 0.05 was statistically significant. All analyses
were done using STATA 16.1. (Reference: StataCorp. 19.
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Stata Statistical Software: Release 16. College Station,
TX: StataCorp LLC.)

Results
Demographic and clinical characteristics

This prospective cohort study included 20 COVID-19
patients (10 severely or critically ill with PF ratio <300,
10 mild COVID-19 patients) with a median age 60 (inter-
quartile range (IQR) 49.5-64.5). The patients were pre-
dominantly male (16 out of 20 patients) with a multi-eth-
nic background (Chinese, Indian, Malay and Others). The
patients had comorbidities of hypertension (60%), hyper-
lipidemia (45%), diabetes (45%) and chronic obstructive
pulmonary disease (20%), with a slightly higher number
of co-morbidities in mildly ill patients. The median day of
haemostatic assessment of their illness was slightly earlier
in mildly ill COVID-19 patients at Day 6.5 (IQR 5-8) of
illness compared with severely ill patients at Day 9.5 (IQR
6—13) of illness, which is consistent with the progression
of COVID-19 infection, where the onset of respiratory
failure commences after the first week of illness.

As per our Singapore NCID treatment guidelines for
COVID-19 [17], we used pharmacological venous throm-
boembolism (VTE) prophylaxis for patients with critical or
severe COVID-19, as well as risk stratified mild/moderate
COVID-19 patients for requirement for thromboprophy-
laxis using the PADUA prediction score. The median Padua
prediction score on assessment was raised for severely ill
patients (5 points) compared with mildly ill patients (3
points), with a median SOFA score of 2 (IQR 2—4.5 points)
on ICU admission. 9 of the 10 severe patients were initiated
on pharmacological thromboprophylaxis with low molecular
weight heparin (enoxaparin), with 1 patient excluded due
to haemorrhagic conversion of ischaemic stroke. The other
group of 10 mild patients had low Padua scores and were
not placed on pharmacological thromboprophylaxis. 2 of
the severe patients developed thrombosis, one with proximal
lower limb thrombosis and the other with ischaemic stroke
with haemorrhagic conversion. No other bleeding events
were noted in the other patients. The SOFA score was low
on ICU admission as patients were pre-emptively admitted
to ICU for high flow oxygen, preceding a planned intuba-
tion if respiratory failure worsened. The median PaO2/FiO2
ratio on admission to ICU was 194.5 (IQR 174-241) with
3 patients requiring mechanical ventilation, with 1 develop-
ing intractable respiratory failure requiring extra corporeal
membrane oxygenation and eventually death. The median
length of ICU stay was 8 days (IQR 5-10.5 days) for severe
patients. The median length of hospital stay was 17 days
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(IQR 13-19 days) for severe patients and a shorter 7 days
(IQR 6-11 days) for mild patients. Table 1 summarizes the
demographic and clinical characteristics of these 20 Covid-
19 patients.

Laboratory and haemostatic tests

On Day 0 of recruitment, severe patients had median hae-
moglobin concentration of 13.1 g/dl (IQR 12.3, 13.7), with
a normal median white blood cell count of 8.1 x 10°/L
(IQR 1.9, 6.2 g/dl), lymphopenia of 0.8 x 10°/L (IQR 0.5,
1.2), and a raised median lactate dehydrogenase (LDH) of
840.5 U/L (IQR 604, 1418.5) and raised median C-reactive
protein (CRP) of 88.7 mg/L (IQR 66.3, 172.0). In contrast,
mild patients had on Day 0, median haemoglobin concen-
tration of 15.0 g/dl IQR 12.8, 15.6), with a normal median
white blood cell count of 5.2 x 10°/L (IQR 4.0, 6.0), absent
lymphopenia, with absolute median lymphocyte count of
1.4x 10°/L (IQR 1.2, 1.6), a normal median lactate dehy-
drogenase of 433.0 U/L (IQR 354.0, 533.0) and normal
median CRP 6.5 mg/L (IQR 3.8, 23.9). Lupus anticoagu-
lant was present in 3 severe patients with 2 having elevated
anti B2 glycoprotein 1. Repeated 3-day assessments till
Day 15 for both groups of patients showed slight decline
in median haemoglobin levels.

For haemostatic tests, mild patients on Day 0 had nor-
mal median values of PT, aPTT, fibrinogen and D-dimer,
and demonstrated slightly elevated median Factor VIII
levels 176% (IQR 157, 192) and elevated von Willebrand
factor 225% (IQR 158, 237). Severe patients on Day 0
had a normal median PT, slightly elevated median aPTT
36.3 s (IQR 32.8, 41.6), as well as markers suggestive
of hypercoagulability including raised median D-dimer
1.0 pg/mL (IQR 0.6, 1.4) (p =0.0004), elevated median
fibrinogen level 5.6 g/L (IQR 4.9, 6.6) (p =0.002), raised
median Factor VIII 206% (IQR 171, 230) and raised von
Willebrand factor 265.5% (IQR 206, 321). Repeated 3-day
assessments for both groups of patients showed declining
trends in D-dimer and Fibrinogen values, with normali-
sation of D-dimer and fibrinogen levels towards Day 15.
The median values for both mild and severe patients for
Factors 11, V, VII, IX, X and XI, Protein C, Protein S and
anti-thrombin III were within the normal reference ranges.
Tables 2 and 3 summarizes the multiple laboratory and
coagulation parameters that were performed.
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Table2 Comparisons of . Laboratory tests (Reference ranges) Mildly ill COVID-19 Severely ill COVID-19 p-value
FBC, LD,H’ CRP and basic patients (n=10) Patients (n=10)
coagulation tests between . .
mildly ill and severely ill Median (IQR) Median (IQR)
COVID-19 Patients Haemoglobin (¢/dL)°
Baseline 15.0 (12.8, 15.6) 13.1 (12.3,13.7) 0.08
Day 3 14.2 (13.6, 15.7) 13.2(11.7, 13.6) 0.03
Day 6 13.0(12.8,17.2) 13.1(11.8,13.9) 0.46
Day 9 13.4 (13.4, 13.4)* 12.4 (12.0, 12.9) 0.50
Day 12 13.6 (13.6, 13.6)" 12.3 (11.5,13.7) 0.75
Day 15 13.8 (13.8, 13.8)* 12.4 (11.8, 13.8) 0.80
WBC (x 10°/L) (4.0-9.6)
Baseline 5.7(3.7,6.0) 6.8 (6.2,7.4) 0.04
Day 3 5.2(3.9,5.8) 8.9 (6.0, 11.4) 0.02
Day 6 9.0 (4.7,9.6) 8.9 (7.9, 12.8) 0.62
Day 9 4.2 (4.2,4.2)* 7.6(6.2,17.7) 0.50
Day 12 4.1 (4.1,4.1)* 8.1(6.1, 10.6) 0.25
Day 15 3.8(3.8,3.8) 8.4 (6.8, 10.8) 0.40
Lymphocytes (x 10°/L) (1.1-3.1)
Baseline 1.4 (1.2, 1.6) 0.8 (0.5,1.2) 0.06
Day 3 1.2 (0.7, 1.6) 0.9 (0.6, 1.4) 0.37
Day 6 1.8 (0.7, 2.0) 1.2(1.1,2.3) 0.83
Day 9 0.4 (0.4, 0.4)* 1.5(1.4,1.8) 0.25
Day 12 0.8 (0.8, 0.8)* 1.8(1.3,2.2) 0.25
Day 15 0.8 (0.8, 0.8)* 2.0(1.5,2.1) 0.40
Platelets (x 10°/L) (150-360)
Baseline 234.0 (137.0, 250.0) 290.5 (233.0, 364.0) 0.07
Day 3 222.5(167.0, 263.0) 382.0 (339.0, 490.0) 0.002
Day 6 283.0(199.0, 378.0) 409.0(363.0, 509.0) 0.09
Day 9 199.0 (199.0, 199.0)* 345.0 (253.0, 543.0) 0.25
Day 12 241.0 (241.0, 241.0)* 281.0 (236.0, 493.0) 0.75
Day 15 226.0 (226.0, 226.0)* 352.0 (266.0, 441.0) 0.80
LDH (U/L) (270-550)
Baseline 433.0 (354.0, 533.0) 840.5 (604.0, 1418.5) 0.23
Day 3 371.0 (363.0, 681.0) 630.0 (573.0, 925.5) 0.29
Day 6 827.0 (827.0, 827.0) 475.0 (466.0, 518.0) 0.67
Day 9 - 677.5 (480.0, 875.0) -
Day 12 - - -
Day 15 - - -
CRP (mg/L) (0.0-7.0)
Baseline 6.5(3.8,23.9) 88.7 (66.3, 172.0) 0.06
Day 3 14.5(1.1,47.2) 66.0 (10.3, 133.3) 0.39
Day 6 - 8.3(3.2,15.7) -
Day 9 - 8.3(7.9,13.9) -
Day 12 - 6.5(1.9,34.4) -
Day 15 - 1.8 (0.9, 2.8) -
PT (secs) (11.7-14.0)
Baseline 12.8 (12.4,12.9) 14.0 (12.9, 15.7) 0.005
Day 3 12.3 (12.1, 12.7) 14.6 (13.5, 15.6) 0.0007
Day 6 13.0 (13.0, 13.2) 14.1 (13.4, 14.6) 0.16
Day 9 15.6* 14.1 (13.5, 15.0) 0.50
Day 12 14.6* 13.5(13.4,13.8) 0.50
Day 15 13.3% 13.4 (12.8, 14.1) 0.99
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Table 2 (continued)

Laboratory tests (Reference ranges) Mildly ill COVID-19 Severely ill COVID-19 p-value
patients (n=10) Patients (n=10)
Median (IQR) Median (IQR)
aPTT (secs) (27.0-37.0)
Baseline 29.0 (28.0, 30.5) 36.3 (32.8,41.6) 0.005
Day 3 28.7(27.7,32.3) 30.9 (29.9, 38.8) 0.21
Day 6 29.5(28.2,31.4) 31.5(29.0, 33.9) 0.64
Day 9 41.0% 32.2 (29.6, 35.0) 0.25
Day 12 38.4% 32.5(30.2,34.9) 0.25
Day 15 34.4% 31.2 (294, 33.8) 0.80
D-Dimer (FEU) (pg/mL) (<0.50)
Baseline 0.3(0.3,0.4) 1.0 (0.6, 1.4) 0.0004
Day 3 0.3(0.3,0.3) 0.6 (0.4, 2.5) 0.0005
Day 6 0.3(0.3,0.3) 0.8 (0.4, 3.1) 0.03
Day 9 0.5 (0.5, 0.5)* 0.7 (0.4,2.7) 0.99
Day 12 0.3 (0.3,0.3)* 0.4 (0.3,2.4) 0.99
Day 15 0.3 (0.3,0.3)* 0.3 (0.3, 1.8) 0.80
Fibrinogen (g/L) (1.8-4.5)
Baseline 4.1 (3.6,4.4) 5.6 (4.9, 6.6) 0.002
Day 3 4.0 (3.6, 4.8) 5.0(4.2,6.8) 0.08
Day 6 4.4 (4.1,6.3) 4.8 (4.1,54) 0.76
Day 9 4.3 (4.3,4.3)* 4.8 (4.5,5.3) 0.50
Day 12 44 (4.4,4.4)7 4.3(4.0,5.2) 0.99
Day 15 4.0 (4.0, 4.0)* 4.2(3.8,54) 0.80
TCT (secs) (15.0-18.0)
Baseline 16.5 (16.0, 17.4) 17.6 (16.5, 18.8) 0.09
Day 3 16.7 (16.4, 17.0) 17.9 (17.3,19.5) 0.01
Day 6 16.0 (15.4, 16.8) 18.1 (17.4,19.4) 0.01
Day 9 17.3 (17.3,17.3)* 18.8 (17.7, 19.3) 0.50
Day 12 17.6 (17.6, 17.6)* 17.6 (17.0, 18.6) 0.99
Day 15 16.9 (16.9, 16.9)* 16.6 (15.8, 18.0) 0.99

“Results for 1 patient only, 9 others were discharged for isolation at community care facilities
"Haemoglobin for males: 13.6-16.6 g/dL, Haemoglobin for females 11.8-14.6 g/dL

Global haemostatic tests
aPTT and PT clot waveform analysis (CWA) (Table 4)

Plasma specimens from the 20 patients were evaluated

by CWA every 3 days till Day 15 of recruitment. On Day
0 of assessment, CWA performed on aPTT from platelet
poor plasma of severely ill patients showed a significant
decrease in light transmission, represented by a high
median delta change of 78.8% (IQR 69.8, 85.2) (p=0.001)
(Fig. 1). An increased clot velocity, represented by an
elevated median Minl of 7.7%/s (reference range 2.85—
6.65%/s) (Fig. 2); increased clot acceleration, represented
by elevated median Min2 of 1.2%/s> (reference range
0.46-1.08%/s) and increased clot deceleration, represented
by elevated median Max2 of 1.0%/s* (reference range
0.37-0.91%/s) was observed. CWA performed on PT also
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showed similar elevated median Minl of 6.9%/s (reference
range 1.96-5.51%/s); elevated median min2 of 3.5%/s
(reference range 0.98-2.84%/s), elevated median Max2

of 2.8%/s (reference range 0.74-2.28%/s), and elevated
median delta change of 33.0 (reference range 6.6-16.9%).

For the mild patients, the median aPTT and PT clot wave-
form parameters were all within normal range throughout
the 15 days of assessment. 2 mild patients who later devel-
oped consolidation on subsequent repeat chest X ray were
excluded from CWA analysis, as their illness worsened,
fulfilling criteria for moderate COVID-19 illness. These 2
patients demonstrated elevated delta change, clot velocity,
clot acceleration and deceleration on CWA analysis. Com-
parison of CWA parameters between severe patients and
mild patients on Day 0 of recruitment, showed in the severe
group, a statistically significant higher (above the upper limit
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Table 3 Comparisons of

. Laboratory tests (Reference ranges) Mildly 11l COVID-19  Severely 11l COVID-19  p-value
cqagula}tlon results bet\yeen . patients (n=10) patients (n=10)
mildly ill and severely ill Covid- . .
19 and ICU Patients Median (IQR) Median (IQR)
Factor II (%) (70-120) 108.5 (99, 119) 113.5 (87, 117) 0.85
Factor V (%) (70-120) 116.5 (106, 128) 109.5 (86, 151) 0.63
Factor VII (%) (55-170) 118 (105, 145) 100.5 (74, 128) 0.17
Factor VIII (%) (60-150) 176 (157, 192) 206 (171, 230) 0.14
Factor IX (%) (60-150) 115 (95, 145) 144.5 (126, 191) 0.055
Factor X (%) (70-120) 105.5 (88, 124) 103 (90, 124) 0.93
Factor XI (%) (60-150) 109.5 (97, 127) 119 (112, 163) 0.18
von Willebrand factor (%) (56—160) 225 (158, 237) 265.5 (206, 321) 0.12
Anti-thrombin IIT (%) (80-130) 101.5 (93, 110.5) 101 (84, 106) 0.81
Protein C (%) (70-150) 103.5 (88.5, 113.5) 92.5 (72,99) 0.09
Protein S (%) (55-130) 74 (66, 86.5) 71 (64, 80) 0.95
Lupus Anticoagulant; n(%) 0.50
Absent 1 (100.0) 0(0.0)
Weakly present 0(0.0) 3 (100.0)
Anti-cardiolipin IgG (GPL units); n(%) -
<20 1 (100.0) 3 (100.0)
Anti-cardiolipin IgM (MPL units); n(%) -
<20 1 (100.0) 3 (100.0)
Anti B2 (RU/mL); n(%) 0.99
<2 1 (100.0) 1(33.3)
>2 0(0.0) 2 (66.7)

of the respective reference intervals) median aPTT delta
change 78.8 (IQR 69.8, 85.2) (p=0.003), median PT delta
change 22.4 (IQR 19.4, 29.5) (»p =0.008), median aPTT clot
velocity (minl) of 7.7%/s (IQR 6.4, 8.3) (p =0.02), median
PT clot velocity (minl) of 7.1%/s (IQR 6.3, 9.0), median PT
clot acceleration (min 2) of 3.6%/s> (IQR 3.2, 4.5) (p=0.02)
and clot deceleration (max2) 2.9 (IQR 2.5, 3.5) (p=0.02)
than in the mild group, which had normal median aPTT
and PT delta change, clot velocity (min 1), clot acceleration
(min2) and clot deceleration (max2).

Over the 6 time points of assessment spread over 15 days,
there was an overall declining trend in the CWA parameters
(aPTT and PT) for both severe and mild patients. There was
no biphasic waveform pattern present on light transmis-
sion curves of the COVID-19 patients that could suggest an
underlying DIC.

Thromboelastography (TEG) (Table 5)

At Day 0 of assessment, in severely ill patients there was
a statistically significant increase in the median maximal
amplitude (MA) in the citrated functional fibrinogen (CFF)
channel 34.6 mm (IQR 27.4, 38.6) (p =0.003), elevated
median Angle in the tissue factor and kaolin activated chan-
nel (CRT) of 78.9° (IQR 78.3, 80.0) (p =0.002), increased
CRT A10 67.6 mm (65.8, 69.6) (p=0.007), and increased

CFF A10 32.0 mm (IQR 26.8, 34.0) (p =0.007) (Fig. 3).
Mild COVID-19 patients had normal parameters for the
Reaction Rate (R), Kinetics Time (K), Angle (), Maximal
amplitude (MA) for the 4 channels, namely the kaolin acti-
vated TEG channel (CK), tissue factor and kaolin activated
channel (CRT), Kaolin with Heparinase TEG (CKH) and
citrated functional fibrinogen channel (CFF). None of the
severely ill or mild patients demonstrated any fibrinolysis
with a LY30% of 0.

For the severely ill patients, the MA for the CK, CRT
and CFF channels, CK and CRT angles, and CRT and CFF
A10 showed a peak in values towards Day 9 of assess-
ment, before a decreasing trend was noted towards Day 15.
Tables 4 and 5 summarizes the multiple quantitative param-
eters for the global haemostatic tests (CWA and TEG) that
were recorded.

Discussion

To our knowledge, this is the first prospective, matched study
comparing conventional coagulation tests and global hae-
mostatic tests between mild and severe COVID-19 patients.
Currently there are no diagnostic criteria for COVID-19
associated coagulopathy (CAC), however three stages of
CAC have been proposed by Thachil et al. [18] to aid early
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Table 4 Comparisons of clot
waveform analysis results
between mildly ill Covid-

19 patients and severely ill

COVID-19 patients
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Mildly ill COVID-19

patientsb (n=8)

Severely ill COVID-19  p-value
Patients (n=10)

Median (IQR) Median (IQR)
Delta change (aPTT) (%) (25.21-63.09)
Baseline 55.2 (43.3,62.4) 78.8 (69.8, 85.2) 0.001
Day 3 55.1 (50.4, 60.6) 65.8 (58.8, 85.6) 0.06
Day 6 61.7 (59.5, 64.6) 67.9 (56.9, 73.6) 0.63
Day 9 62.2 (62.2, 62.2)* 66.4 (62.7,71.2) 0.57
Day 12 62.1 (62.1, 62.1)* 62.6 (59.2, 72.0) 0.99
Day 15 56.9 (56.9, 56.9)* 60.2 (54.2,72.2) 0.80
Min 1 (aPTT) (%/s) (2.86-6.78)
Baseline 5.7 (4.9,6.1) 7.8 (6.7,8.3) 0.001
Day 3 59(5.2,6.2) 6.8 (5.9,8.1) 0.08
Day 6 6.5 (5.9, 6.6) 7.0(6.5,7.7) 0.19
Day 9 6.1 (6.1, 6.1)* 7.2(4.7,7.5) 0.99
Day 12 6.1 (6.1, 6.1)* 7.2(6.5,7.8) 0.29
Day 15 4.4 44,44)7° 6.7 (6.0, 7.9) 0.40
Min 2 (aPTT) (%/s2) (0.46-1.10)
Baseline 0.9 (0.8, 1.0) 1.2 (0.9, 1.3) 0.07
Day 3 0.9 (0.9, 1.0) 1.1 (1.0, 1.5) 0.02
Day 6 1.0 (0.9, 1.1) 1.1(1.1,1.2) 0.08
Day 9 1.0 (1.0, 1.0)* 1.3 (1.0, 1.8) 0.25
Day 12 0.9 (0.9, 0.9)* 1.2 (1.0, 1.3) 0.29
Day 15 2.3(2.3,2.3)" 1.1 (1.0, 2.8) 0.80
Max2 (aPTT) (%/s%) (0.37-0.93)
Baseline 0.7 (0.7, 0.8) 1.0 (0.7, 1.0) 0.04
Day 3 0.8 (0.7, 0.8) 0.9 (0.8, 1.2) 0.11
Day 6 0.9 (0.7, 0.9) 0.9 (0.9, 1.0) 0.19
Day 9 0.7 (0.7, 0.7)* 1.1 (0.8, 1.4) 0.25
Day 12 0.7 (0.7, 0.7)* 1.0(0.9, 1.1) 0.29
Day 15 1.7 (1.7, 1.7)* 0.9 (0.8, 2.3) 0.80
Delta change (PT) (%) (6.52-17.28)
Baseline 149 (11.2,16.7) 22.4(19.4,29.5) 0.004
Day 3 14.8 (13.2,17.0) 16.7 (14.2,27.6) 0.28
Day 6 16.8 (16.2,19.4) 18.3 (15.2, 19.5) 0.92
Day 9 17.4 (17.4,17.4) 16.3 (14.9, 20.7) 0.86
Day 12 16.8 (16.8, 16.8)* 15.8 (14.6, 20.8) 0.86
Day 15 14.2 (14.2, 14.2)* 15.2 (13.0, 21.8) 0.80
Min 1 (PT) (%/s) (1.95-5.67)
Baseline 534.1,54) 7.1(6.3,9.0) 0.02
Day 3 4.8 (4.3,5.4) 5.0(4.5,8.5) 0.49
Day 6 54(5.1,6.4) 554.7,5.9) 0.78
Day 9 5.1 (5.1,5.1)* 6.6 (4.8,7.9) 0.75
Day 12 5.1 (5.1,5.1)* 5.1 (4.6,6.7) 0.99
Day 15 5.8 (5.8,5.8)* 5.04.2,7.3) 0.80
Min 2 (PT) (%/s?) (0.97-2.93)
Baseline 2.7 (2.1,2.7) 3.6(3.2,4.5) 0.02
Day 3 2.5(2.2,2.8) 25(23,44) 0.57
Day 6 2.8(2.5,3.3) 2.8(24,3.0) 0.78
Day 9 2.6 (2.6, 2.6)* 2.4 (1.1,4.0) 0.99
Day 12 2.5(2.5,2.5)* 2.7(24,34) 0.99
Day 15 0.9 (0.9, 0.9)* 2.1(1.7,2.6) 0.40
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Table 4 (continued)

Mildly ill COVID-19  Severely ill COVID-19  p-value

patientsb (n=8) Patients (n=10)

Median (IQR) Median (IQR)

Max 2 (PT) (%/s°) (0.75-2.35)

Baseline 2.2(1.7,2.2) 2.9(2.5,3.5) 0.02
Day 3 2.0(1.8,2.2) 1.9(1.8,3.3) 0.66
Day 6 2.2(1.9,2.6) 2.2(1.8,2.3) 0.63
Day 9 1.9 (1.9,1.9)* 1.9(0.9,3.2) 0.99
Day 12 1.9 (1.9, 1.9)* 2.1(1.9,2.7) 0.86
Day 15 0.7 (0.7, 0.7)* 1.7 (1.3,2.1) 0.40

Reference intervals for clot waveform parameters were established locally based on 124 healthy controls in
accordance with the Clinical and Laboratory Standards Institute guidelines

*Results for 1 patient only, 9 others were discharged to community care facilities

) COVID-19 patients progressed from mildly ill to a moderately ill state, hence their CWA parameters

were excluded from the analysis

Fig.1 Comparison of median
delta change in aPTT (%/s)
between mildly ill and severely
ill COVID-19 patients
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recognition and for early intervention. Stage 1 comprises
of mild symptoms without oxygen supplementation, mild
systemic inflammation, and mild systemic coagulopathy.
Stage 2 comprises of severe symptoms, requiring oxygen
supplementation, progressive pulmonary inflammation,
increased incidence of microthrombi and local coagulopathy
and critical care support with a hypercoagulable state. Stage
3, the critically ill patient with COVID-19 has respiratory
failure which may require mechanical ventilatory support
or extracorporeal membranous oxygenation support. The
coagulation profile may have a high D-dimer levels 6 times
above upper limit of normal, hyperfibrinogenaemia, throm-
bocytopenia, prolonged PT, a high incidence of pulmonary
and venous thrombosis, and in rare cases DIC.

Our mild patients who remained in Stage 1 of CAC were
non oxygen dependent, remained ambulant throughout

their hospitalization and were discharged well. Upon initial
assessment, they had mildly raised coagulation parameters
(mildly raised median Factor VIII levels and vWF levels,
with normal median D-dimer and fibrinogen levels) and nor-
mal global haemostatic tests (normal TEG and normal CWA
parameters), with no elevation of median CWA parameters
on repeated assessment and no elevation of baseline TEG
on Day 0. They did not receive thromboprophylaxis with
LMWH and no corresponding thrombotic or bleeding events
were noted.

Conversely, our severe patients enrolled were in either
stage 2 or 3 of CAC on their day of recruitment with the
majority initiated on standard dose LMWH thromboprophy-
laxis. Upon initial assessment, they had markedly raised
coagulation parameters (elevated median D-dimer, Fibrino-
gen, Factor VIII, vWF levels) indicative of a hypercoagulable
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Fig.2 Comparison of median © 4
minl in aPTT (%/s) between
mildly ill and severely ill
COVID-19 patients -
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state which correlated with a raised C-reactive protein (CRP)
and raised white blood cell count that reflected an inflamma-
tory state. 3 patients developed a lupus anticoagulant. Only
2 out of 10 critically ill patients developed thrombosis and 1
subsequently developed intracranial bleeding due to haemor-
rhagic conversion of ischaemic stroke. Our decreased rate of
thrombosis observed in the severely ill group compared to
higher published international rates [19] is consistent with
the rates seen in a local Singapore multicentre ICU study
which we performed [5], showing lower venous thrombo-
embolism but higher arterial thrombosis. This may be due
to regional and ethnic variations, where previous studies
have shown patients of Asian lineage having a lower VTE
risk compared to Western cohorts [20]. Our patients were
also younger with fewer comorbidities with early admission
to the ICU while not requiring mechanical ventilation and
started early on interventions such as high dose dexametha-
sone, remdesivir and tocilizumab, which may mitigate the
development of a significant thrombo-inflammatory state
associated with severe COVID-19.

In recent studies on CWA and COVID-19 associated
hypercoagulability, CWA parameters were significantly
higher in severe COVID-19 [3, 21] as compared with mild
disease [22, 23]. The analysis of aPTT and PT clot wave-
form parameters in our severe patients showed hypercoagu-
lability with elevated delta change, clot velocity and clot
acceleration and deceleration. An elevated delta change,
which corresponds to decreased light transmission due to
increased clot thickness, correlates with high levels of fibrin-
ogen that contribute to clot strength and thickness. Elevated
clot velocity (minl) reflects an increased thrombin burst
and elevated clot acceleration/deceleration (min2, max2)
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reflects enhancement of prothrombinase activity [24], as
well as the observed hyperfibrinogenaemia which enhances
the speed and acceleration of clot formation. For CWA in
mild COVID-19, there was no demonstrable increase in clot
waveform parameters throughout the assessment. 2 patients
in the mild group had their clot waveform analysis param-
eters excluded from analysis as they later developed chest
X ray changes and desaturation (not requiring supplemental
oxygenation), resulting in a progression of disease classifi-
cation to moderate COVID-19. These patients had worsen-
ing of their COVID-19 illness on Day 3-6 of assessment,
with elevated CWA aPTT and PT delta change, min 1, min2,
max2 as well as increased fibrinogen levels, suggesting the
development of clinically detectable hypercoagulability.
The use of TEG in the evaluation of CAC in critically ill
COVID-19 patients was initially proposed by Panigada et al.
[9], and later affirmed by a recent systematic review [25] that
showed its efficacy in identifying and evaluating a hyper-
coagulable state in patients with COVID-19. TEG param-
eters demonstrated a hypercoagulable state with decreased
K (kinetic) time, increased alpha angle, increased maximal
amplitude (MA) and decreased LY30 (decreased fibrinoly-
sis), with findings suggestive of decreased time to clot initia-
tion, increased clot strength and decreased clot breakdown.
Our evaluation of TEG performed at Day 0 of assess-
ment for severe patients demonstrated statistically significant
elevations of median values of CFF MA, CRT Angle, CRT
A10 and CFF A10 above the reference ranges, compared
to mild patients who had normal values. While in severe
patients the CK K, CK angle, CRT K, CRT angle, CRT MA,
CKH K, CKH angle, and CKH MA remained within the
normal reference range, they were significantly higher in
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Table 5 Comparisons of thromboelastography results between mildly Table 5 (continued)

ill and severely ill COVID-19 Patients

Mildly ill COVID- Severely ill p-value
Mildly ill COVID- Severely ill p-value 19 patients COVID-19
19 patients COVID-19 (n=10) Patients (n=10)
(n=10) Patients (n=10) Median (IQR) Median (IQR)
Median (IQR) Median (IQR)
Day 15 - 0.9 (0.8, 1.0) -
CKR (4.6— CRT Angle
9.1 min) (60°-78°)
Baseline 6.3(5.8,7.5) 6.4(5.8,7.9) 0.78 Baseline 74.1(72.0,75.2)  78.9(78.3,80.0)  0.002
Day 3 - 6.3 (6.1, 6.9) - Day 3 - 78.4 (77.6,81.0) -
Day 6 - 5.8(4.7,7.2) - Day 6 - 79.5(77.9,81.6) —
Day 9 - 6.0(5.5,8.5) - Day 9 - 79.8(71.7,812) -
Day 12 - 7.9 (6.5, 9.6) - Day 12 - 79.7 (78.1,80.0)  —
Day 15 - 7.2(6.2,9.4) - Day 15 - 77.5(76.8,79.6) -
CK K (0.8- CRT MA (50-
2.1 min) 70 mm)
Baseline 1.6 (1.3,2.1) 1.1(0.9,1.2) 0.008 Baseline 61.7 (60.0,65.2)  69.0 (68.1,70.6)  0.009
Day 3 - 0.8 (0.8, 1.3) - Day 3 - 69.0 (68.2,72.5) -
Day 6 - 0.8 (0.8, 1.1) - Day 6 - 69.8 (67.3,73.1) -
Day 9 - 1.0(0.3,1.2) - Day 9 - 69.5(67.7,72.6) -
Day 12 - 1.1(1.0,1.3) - Day 12 - 69.2 (67.8,71.5) -
Day 15 - 1.2(1.0,1.8) - Day 15 - 67.7 (66.1,70.6) -
CK Angle CKHR (4.3-
(63°-78°) 8.3 min)
Baseline 69.1 (64.6,74.5)  75.3(73.4,77.2) 0.01 Baseline 6.8(5.8,7.3) 6.6(5.2,7.7) 0.99
Day 3 - 76.8 (71.5,78.2) - Day 3 - 59(.5,6.7) -
Day 6 - 77.6 (74.6,80.5) - Day 6 - 6.1(4.6,7.3) -
Day 9 - 75.77(73.8,78.1) - Day 9 - 5.9 (5.3, 8.6) -
Day 12 - 73.0(64.5,74.6) - Day 12 - 7.1(6.3, 8.3) -
Day 15 - 74.4(68.6,77.8) - Day 15 - 6.9 (6.1,7.8) -
CK MA (52- CKH K (0.8-
69 mm) 1.9 min)
Baseline 58.8(57.2,59.9)  66.6 (64.2,69.6)  0.009 Baseline 1.3(1.3,2.0) 1.0 (0.8, 1.2) 0.02
Day 3 - 68.2 (65.6,69.3) - Day 3 - 0.9(0.8,1.2) -
Day 6 - 67.8 (65.2,70.5) - Day 6 - 0.9(0.8,1.1) -
Day 9 - 68.5(65.5,69.9) - Day 9 - 1.0 (0.8, 1.1) -
Day 12 - 67.2 (64.6,71.3) - Day 12 — 1.0 (1.0, 1.4) _
Day 15 - 64.6 (63.3, 67.8) - Day 15 _ 1.2 (1.0, 1.6) _
CRTR (0.3- CKH Angle
1.1 min) (64°-77°)
Baseline 0.5(0.5,0.7) 0.6 (0.4, 0.6) 0.85 Baseline 713 (65.6,74.4)  75.9(74.0,78.2)  0.01
Day 3 - 0.6 (0.5, 0.7) - Day 3 - 76.6 (74.7,779) -
Day 6 - 0.6 (0.4, 0.6) - Day 6 - 774 (73.8,79.8) -
Day 9 — 0.6 (0.4,0.7) - Day 9 - 76.4 (74.8,77.1) -
Day 12 - 0.6 (0.5,0.7) - Day 12 - 749 (70.9,76.1) -
Day 15 - 0.6 (0.6, 0.7) = Day 15 - 74.2 (68.5,77.0) -
CRT K (0.8- CKH MA
2.7 min) (52-69 mm)
Baseline L5 (1.1, 1.6) 0.8(0.8,0.8) 0.0006 Baseline 59.5(58.3,60.9)  66.7 (64.9,69.4)  0.006
Day 3 - 0.9 (0.7, 0.9) - Day 3 - 68.3(65.8,69.1) —
Day 6 - 0.8 (0.7, 0.9) - Day 6 - 68.4 (65.8,70.6)  —
Day 9 - 0.8 (0.7, 0.8) - Day 9 - 68.5 (66.1,69.9) -
Day 12 - 0.8 (0.8,0.8) - Day 12 - 67.7 (64.0,71.4) —
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Table 5 (continued)

Mildly ill COVID- Severely ill p-value
19 patients COVID-19
(n=10) Patients (n=10)
Median (IQR) Median (IQR)
Day 15 - 65.4 (64.7,67.4) -
CRT A10 (44-
67 mm)
Baseline 55.1(52.6,61.5)  67.6(65.8,69.6)  0.007
Day 3 - 67.9 (66.0,71.9) -
Day 6 - 68.4 (65.3,72.6) -
Day 9 - 68.3 (65.7,71.7) -
Day 12 - 67.8 (65.7,70.6) -
Day 15 - 65.3(62.7,694) -
CFF MA
(15-32 mm)
Baseline 19.6 (18.9,21.4)  34.6 (27.4,38.6)  0.003
Day 3 - 35.1(27.5,43.8) -
Day 6 - 37.3(26.5,46.0) -
Day 9 - 37.6 (29.3,40.3) -
Day 12 - 354 (31.2,40.6) -
Day 15 - 27.7(25.8,36.7) -
CFF A10
(15-30 mm)
Baseline 19.3 (18.6,23.5)  32.0(26.8,34.0)  0.003
Day 3 - 32,6 (25.1,38.5) -
Day 6 - 32.0(24.8,42.3) -
Day 9 - 34.6 (27.0,35.8) -
Day 12 - 31.1(29.5,36.7) -
Day 15 - 25.0(23.8,34.0) -
Y 30
Baseline 0 0 -
Day 3 - 0 -
Day 6 - 0 -
Day 9 - 0 -
Day 12 - 0 -
Day 15 - 0 -

the severely ill group compared to the mild group. A low
lysis time (LY30) was observed to be less than 1% for all
TEG performed in both groups. An increased CFF MA and
CFF A10 quantifies fibrinogen contribution to clot strength
and correlates with the increased fibrinogen levels seen in
severely ill patients, supporting the involvement of fibrino-
gen in causing hypercoagulability in COVID-19. Over the
15-day assessment of TEG in severe patients, the rising CFF
MA (which was noted on Day 0 of assessment) peaked at
Day 9, reflective of associated increased hypercoagulability
in the ICU and worsening respiratory function. An elevated
CRT A10 and CRT angle which peaked at Day 6 and Day 9
respectively suggests increased fibrin activation and polym-
erization, reflective of increased speed of clot propagation,
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while reduced fibrinolytic activity was observed with all
patients showing TEG that had LY30% of less than 1%,
characteristic of fibrinolytic shutdown seen in COVID-
19. Despite thromboprophylaxis, severely ill patients still
exhibited hypercoagulability as shown by elevated CFF MA
and CFF A10 reflecting a high platelet—fibrin clot strength
from hyperfibrinogenaemia. This reflects an underdosing of
anticoagulation, where the inadequate response to stand-
ard thromboprophylaxis has been demonstrated by Gurbel
et al. [26, 27] in hospitalized COVID-19 patients that did
not achieve the intended pharmacodynamic effect, given
the persistent hypercoagulability shown on TEG despite
thromboprophylaxis.

Despite recommendations by the ISTH and CHEST
guidelines for a universal strategy of thromboprophylaxis for
all hospitalized COVID-19 patients with standard LMWH
or UFH after bleeding risk assessment, our prospective
matched study has not shown evidence for sustained hyper-
coagulability nor the need for pharmacological thrombo-
prophylaxis in our mild, non-hypoxic, ambulant group of
COVID-19 patients who do not progress beyond Stage 1 of
CAC. Universal thromboprophylaxis is not without the asso-
ciated bleeding risks, and implementation of this strategy
may not be suitable for all patients. Tests of coagulation and
global haemostatic tests demonstrate the ability to identify
hypercoagulability in critically ill patients and absence of
hypercoagulability in mild patients compared to laboratory
coagulation tests such as PT and aPTT, which were found to
be within normal range in our patients (or slightly prolonged
in other studies). Comparatively, point of care global hae-
mostatic tests such as TEG have the advantage of a shorter
turnaround time than laboratory testing for Factor VIII or
VvWF levels. In addition, careful monitoring with coagulation
and platelet function tests [28] including platelet reactiv-
ity [29] appear beneficial for early identification of high risk
COVID-19 patients and for optimization of antithrombotic
therapy to reduce thrombotic risk during the critical phase
of disease. Based on our findings, we propose a combina-
tion of coagulation parameters (Fibrinogen, Factor VIII and
D-dimer levels) and global haemostatic tests paired with
Padua scoring for VTE for a more individualized approach
to thrombotic risk assessment and management.

While limitations of our study include firstly, the small
number of patients recruited as a single centre cohort that
may limit generalizability, and secondly, the drop out of
the mild COVID-19 patients at Day 9 because they were
discharged well to community care facilities for isolation,
we believe our comparison data sufficiently demonstrates
parameters suggestive of a hypercoagulable state reflected
by global haemostatic tests and conventional markers of hae-
mostasis (fibrinogen, Factor VIII, D-dimer), as we recruited
patients within the same study period and the demographics
between the 2 groups were comparable.
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Fig.3 (continued)

In conclusion, severely ill COVID-19 patients demon-  tests of haemostasis, while mild COVID-19 patients had
strate coagulation parameters associated with hypercoagu-  mildly elevated coagulation tests with absence of param-
lability in both conventional coagulation tests and global  eters of hypercoagulability in global tests of haemostasis.
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Further well-designed randomized control trials are urgently
required to assess the haemostatic profile in the asympto-
matic, non-hospitalized COVID-19 patients and hospitalized
mild COVID-19 patients, and to evaluate the safety and effi-
cacy of pharmacologic thromboprophylaxis in mildly ill hos-
pitalized COVID-19 patients. Our findings suggest the use of
global haemostatic tests may lead to increased sensitivity in
the diagnosis of hypercoagulability and appears reasonable
in assisting clinicians in the decision for thromboprophylaxis
of COVID-19 patients.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s11239-021-02575-4.
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