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Abstract. - OBJECTIVE: Severe Acute Respi-
ratory Syndrome Coronavirus (SARS-CoV-2) in-
fection may yield a hypercoagulable state with
fibrinolysis impairment. We conducted a sin-
gle-center observational study with the aim of
analyzing the coagulation patterns of inten-
sive care unit (ICU) COVID-19 patients with both
standard laboratory and viscoelastic tests. The
presence of coagulopathy at the onset of the in-
fection and after seven days of systemic antico-
agulant therapy was investigated.

PATIENTS AND METHODS: Forty consecutive
SARS-CoV-2 patients, admitted to the ICU of a Uni-
versity hospital in ltaly between 29th February and
30th March 2020 were enrolled in the study, pro-
viding they fulfilled the acute respiratory distress
syndrome criteria. They received full-dose antico-
agulation, including Enoxaparin 0.5 mg-kg-1 sub-
cutaneously twice a day, unfractionated Hepa-
rin 7500 units subcutaneously three times daily,
or low-intensity Heparin infusion. Thromboelas-
tographic (TEG) and laboratory parameters were
measured at admission and after seven days.

RESULTS: At baseline, patients showed ele-
vated fibrinogen activity [FTEG-Ang 80.5° (78.7 to
81.5); TEG-ACT 78.5 sec (69.2 to 87.9)] and an in-
crease in the maximum amplitude of clot strength
[FF-MA 42.2 mm (30.9 to 49.2)]. No alterations in
time of the enzymatic phase of coagulation [CKH-K
and CKH-R, 1.1 min (0.85 to 1.3) and 6.6 min (5.2 to
7.5), respectively] were observed. Absent lysis of
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the clot at 30 minutes (LY30) was observed in all
the studied population. Standard coagulation pa-
rameters were within the physiological range: [INR
1.09 (1.01 to 1.20), aPTT 34.5 sec (29.7 to 42.2), an-
tithrombin 97.5% (89.5 to 115)]. However, plasma fi-
brinogen [512.5 mg-dI-1 (303.5 to 605)], and D-di-
mer levels [1752.5 ng:mi-1 (698.5 to 4434.5)], were
persistently increased above the reference range.
After seven days of full-dose anticoagulation, aver-
age TEG parameters were not different from base-
line (TEG-Ang p = 0.13, TEG-ACT p = 0.58, FF-MA
p =0.24, CK-R p=0.19, CKH-R p =0.35), and a per-
sistent increase in white blood cell count, platelet
count and D-dimer was observed (white blood cell
count p < 0.01, neutrophil count p = 0.02, lympho-
cyte count p < 0.01, platelet count p = 0.13 < 0.01,
D-dimer levels p=0.02).

CONCLUSIONS: SARS-CoV-2 patients with
acute respiratory distress syndrome show el-
evated fibrinogen activity, high D-dimer levels
and maximum amplitude of clot strength. Plate-
let count, fibrinogen, and standard coagulation
tests do not indicate a disseminated intravascu-
lar coagulation. At seven days, thromboelasto-
graphic abnormalities persist despite full-dose
anticoagulation.
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Abbreviations

SARS-CoV-2, Severe Acute Respiratory Syndrome-Coro-
navirus-2; ARDS, Acute respiratory distress syndrome;
DVT, Deep Venous Thrombosis; COVID-19, Coronavi-
rus Disease 19; VTE, Venous Thromboembolism; aPTT,
Activated Partial Thromboplastin Time; PT, prothrombin
time; INR, International Normalized Ratio; TEG, Throm-
boelastography; SOFA, Sequential Organ Failure Assess-
ment score; DIC, Disseminated Intravascular Coagulation;
BMI, Body Mass Index; ROTEM, Rotational Throm-
boelastometry; LMWH, Low Molecular Weight Heparin;
UFH, Unfractionated Heparin; PCR, Polymerase Chain
Reaction; IRB, Institutional Review Board; STROBE,
Strengthening the Reporting of Observational Studies in
Epidemiology; ISTH, International Society on Thrombo-
sis and Hemostasis; ICU, Intensive Care Unit; CK, Kaolin
TEG; CKH, Kaolin TEG with heparinase; rTEG, Rapid
TEG; CFF, TEG functional fibrinogen; R, Time to Fibrin
Formation; K, angle constant; a, angle; MA, maximal
clot strength; LY30, percentage decrease in amplitude
at 30 minutes post-MA; KDE, Kernel Density Estimate;
IQR, Interquartile Range; SD, Standard Deviation; WBC,
White Blood Cell Count; TF, Tissue Factor

Introduction

Severe Acute Respiratory Syndrome Corona-
virus 2 (SARS-CoV-2) can cause severe inter-
stitial lung disease and acute respiratory distress
syndrome (ARDS), needing ventilatory support
and admission to the intensive care unit'?. Mi-
crovascular thrombosis is a hallmark of ARDS,
and patients with SARS-CoV-2 commonly show
overproduction of early response pro-inflamma-
tory cytokines, hypercoagulation, and markedly
elevated D-dimer levels®. Although these findings
are associated with poor prognosis, data suggest
that anticoagulant therapy may be beneficial, as
observed in patients with sepsis*'®. Klok et al"!
evaluated the incidence of the composite outcome
of symptomatic acute pulmonary embolism, deep-
vein thrombosis (DVT), ischemic stroke, myocar-
dial infarction or systemic arterial embolism in
184 SARS-CoV-2 positive patients admitted to
the ICU. They found thrombotic complications
occurred in 31% of those receiving standard ve-
nous thromboembolism (VTE) prophylaxis. In a
multicenter retrospective analysis of 187 patients,
Shah et al'? found an incidence of 43.3% of pul-
monary embolism and DVP, and 13.3% of arterial
thrombotic events. Maatman et al® observation-
al analysis on 240 SARS-CoV-2 positive patients
hypothesized that the standard VTE prophylax-
is might be inadequate in preventing thrombot-
ic complications in severe Coronavirus Disease
19 (COVID-19). A typical feature of COVID-19

syndrome is a severe impairment of the fibrino-
lytic process with an increase in D-dimer levels,
associated with an increase in thromboembolic
events'. Standard coagulation tests, such as ac-
tivated partial thromboplastin time (aPTT), and
prothrombin time (PT), are not useful in identify-
ing hypercoagulability, and do not explore plate-
let function and fibrinolysis. In addition, fibrino-
gen levels and absolute platelet count provide no
information about their functionality.

Viscoelastic whole blood tests may detect co-
agulation abnormalities that are not detectable
by conventional tests'>!". Thromboelastography
(TEG) provides useful information about hyper-
coagulability, assesses clot lysis, and dissemi-
nated intravascular coagulation (DIC)®. Obser-
vational studies'>*""?" involving small cohorts
have shown that thromboelastography is reliable
in identifying hypercoagulability and fibrinolysis
shutdown in COVID-19 patients.

TEG®6s (Haemonetics, Braintree, MA, USA),
a new generation of TEG devices, was introduced
recently”*>!. Lloyd-Donald et al*> demonstrated in
a small group of critically ill patients that TEG®6s
generates similar results to the TEG®5000 model.

Although several studies have already investi-
gated the coagulation assessment of COVID-19
patients, it is still unclear how coagulation chang-
es can affect or reflect the course of the COVID-19
disease.

We conducted a prospective observational
study to assess the effects of seven-day full-dose
systemic anticoagulation on coagulation parame-
ters investigated by standard and thromboelasto-
graphic methods in a cohort of patients with AR-
DS due to COVID-19.

Patients and Methods

In this single-center prospective observa-
tional study, consecutive patients who were ad-
mitted to ICU with respiratory failure and with
a confirmed molecular diagnosis (a positive real
time polymerase chain reaction for viral RNA)
of COVID-19 via an upper or lower respiratory
tract specimen were considered for enrolment in
this study. Patients admitted between 29" Feb-
ruary-30" March 2020 at a University hospital
in Italy were included provided they fulfilled the
ARDS criteria®, received full-dose anticoagu-
lation (Enoxaparin 0.5 mgkg! subcutaneously
twice a day, unfractionated heparin 7500 units
subcutaneously three times daily, or low-inten-
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sity heparin infusion). Patients with one or more
of the following criteria were excluded: history
of cirrhosis; preexistent coagulation or hemo-
stasis disorders; active malignancy; Body Mass
Index (BMI) < 20; supplemental steroid therapy;
thrombocytopenia with a platelet count less than
150x10°-1""; anti-platelet medications or vitamin K
agonists at the time of ICU admission.

Ethical approval for this study was provided
by the local Institutional Review Board, and in-
formed consent was obtained according to com-
mittee recommendations. This study is reported
following the reporting guidelines for a cohort
study by Strengthening the Reporting of Obser-
vational Studies in Epidemiology (STROBE).

Procedures

Within the first 24 hours of ICU admission, de-
mographic and clinical data were recorded, and
blood samples for routine standard hematologi-
cal parameters were obtained in vacutainer tubes
from an arterial line. Two blood citrate samples
(3 ml, sodium citrate solution, Vacuette® Blood
Tubes) were also collected for the laboratory stan-
dard coagulation tests (aPTT, INR, D-dimer lev-
els, Antithrombin) and TEG®6s assessment.

DIC score per International Society on Throm-
bosis and Haemostasis (ISTH) criteria®****, and
Sequential Organ Failure Assessment (SOFA)*
score, were calculated for each patient on admis-
sion to ICU.

All laboratory tests were repeated seven days
after initial analysis, unless patients were dis-
charged or deceased.

TEG®6s assays consisted in: Kaolin TEG (CK),
which describes the intrinsic pathway activation
and can assess the overall coagulation function;
Kaolin TEG with heparinase (CKH) which neu-
tralizes the effects of heparin and can assess the
presence of heparin or heparinoids; Rapid TEG
(fTEG), which describes both the intrinsic and ex-
trinsic pathway using both kaolin and tissue fac-
tor (TF); TEG functional fibrinogen (CFF), which
uses TF as a coagulation activator and GplIb/Illa
inhibitors to neutralize platelet function in order
to measure the fibrinogen contribution to clot for-
mation.

The TEG parameters include reaction time
(R, time to fibrin formation, represents the ini-
tiation phase and measures the time of latency
from the start of the test to initial fibrin for-
mation), clot formation time (K, represents am-
plification phase and measures the time taken
to achieve 20 mm of clot strength), angle or a
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(K angle, represents the propagation phase and
measures the rate of clot formation), maximum
amplitude (MA, represents the overall stability
of the clot), and amplitude at 30 minutes (LY30,
represents the fibrinolysis phase and measures
the percentage decrease in amplitude at 30 min-
utes post-MA).

Based on the increasing evidence''3373% of
a hypercoagulable state and a very high inci-
dence of thromboembolic events in COVID-19
patients, our institutional protocols advise ini-
tiation of full-dose systemic anticoagulation at
admission to ICU (Enoxaparin 0.5 mg-kg' sub-
cutaneous twice daily, unfractionated heparin
7500 units subcutaneously three times daily, or
low-intensity heparin infusion). Dosages and
duration of anticoagulant therapy were recorded.

Statistical Analysis

Normal distribution of continuous variables was
assessed by the Kolmogorov-Smirnov test and the
Shapiro-Wilk test. Continuous variables with nor-
mal distribution were presented as mean = standard
deviation (SD) and were compared using Student’s
t-test; continuous variables with non-normal dis-
tribution were presented as median (Interquartile
range, IQR) and were compared by the non-para-
metric Mann-Whitney test. Categorical variables
were presented as numbers (percentages) and were
compared across groups using the y? or Fisher’s ex-
act test, as appropriate. A two-sided p-value < 0.05
was considered statistically significant in the final
analysis. The analysis of the results of the TEG®6s
traces was performed, and the distribution densi-
ty of data was analyzed using the Kernel Density
Estimate (KDE). Data comparing differences in
TEG®6s parameters after seven days are presented
as box plots. Statistical analysis was performed us-
ing Stata/IC 16.0.

The majority of studies adopt TEG®5000 or
ROTEM, resulting in insufficient data available
on results obtained from TEG®6s in SARS-CoV-2
infection. Although the sample size was not cal-
culated, our minimal study sample size per group
is sufficient for a pilot study. Julius* confirms that
a minimum of 12 subjects per group is sufficient
for a pilot study.

Results
Forty consecutive COVID-19 patients with

ARDS were enrolled in the study. Clinical and
laboratory baseline characteristics of the study
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population are shown in Table I. The median age
was 67.5 (IQR 55 to 77) years old, and 72.5% of
patients were male. The mean SOFA score was
542.9, and mean DIC score was 2.9+0.6. Half
(52.5%) of enrolled patients had a coexistent
cardiovascular disease, and 15% a respiratory
disease. Orotracheal intubation was required for
72.5% of patients, and median P O,/FO, ratio at
admission was 190 (IQR 149.5 to 221.5), which
identify a moderate ARDS per Berlin criteria®.
All patients received full-dose systemic anti-
coagulation with Enoxaparin or unfractionated
Heparin. All patients had a TEG®6s assessment
at admission, and we could perform a second as-
sessment at 7 days in 26 patients.

The patients were subsequently stratified based
on the outcome at 28 days after admission to ICU.
Patients with the worst outcome were older [ 77 years
old (IQR 75 to 80) vs. 57 years old (IQR 48 to 67),
p < 0.01], had more cardiovascular [14 (82.4%) vs.
7 (30.4%), p < 0.01] and respiratory comorbidities
[6 (35.3%) vs. 0 (0%), p < 0.01], had lower S O, on
ICU admission [96% (IQR 95 to 98) vs. 98% (IQR
97 t0 99), p < 0.01], and higher levels of D-dimer
[3762 ng'ml! (IQR 1464 to 6045) vs. 851 ng'ml’!
(IQR 530 to 2714), p < 0.01]. Mean SOFA (7+2.4
vs. 4£2.7, p < 0.01) and DIC (3.2+0.4 vs. 2.7£0.7, p
< 0.01) scores at 28 days were significantly higher
in those patients that died. DIC score in all patients
constantly remained less than five, thus suggesting
that an overt DIC did not develop in our cohort**%,
We found two cases of pulmonary embolism, and
one of these patients died within the first 28 days
after admission to ICU.

Standard Coagulation Tests

The platelet count, aPTT and INR have not
shown any coagulation abnormality in our pop-
ulation [193.5x10°1" (IQR 163 to 281), aPTT 34.5
sec (IQR 29.7 to 42.2), 1.09 (IQR 1.01 to 1.20)]
(Table I). D-dimer levels were increased in the
study population, with a median value of 1752.5
ng'ml"! (IQR 698.5 to 4434.5).

Thromboelastography

The TEG®6s traces of 40 consecutive pa-
tients were analyzed. Table II describes the
percentage of deviation from the normal range
for each value in our studied cohort of patients
at the moment of ICU admission. The second
TEG®™6s determination, performed after 7 days
of anticoagulant treatment, was available for
26 patients (Table III). On admission to ICU,
the distribution of CK-R and CKH-R did not

show a specific state of hypercoagulation [7.1
min (IQR 5.2 to 8.1) and 6.6 min (IQR 5.2-7.5)]
whereas the distribution in percentiles towards
a hypercoagulation pattern was evident by ex-
amining the FF-MA [42.2 mm (IQR 30.9 to
49.2)], 'TEG-Ang [80.5° (IQR 78.7 to 81.5)],
and TEG-ACT [78.5 sec (IQR 69.2 to 87.9)]
(Table I). Absent lysis of the clot at 30 minutes
(LY30) was observed in all the studied popula-
tion, independently from the outcome (Table I
and Table II). By comparing the distribution in
percentiles with the Kernel Density Estimate,
the value peaks of all the measured parameters
showed a hypercoagulation pattern (Figure 1).
The angle and maximal clot strength amplitude
of the different types of TEG®6s tests have at
least 50% of the values distributed above the
standard limit, and the distribution of TEG-
ACT values show more than 75% of the values
below the average values. Altogether, these da-
ta were suggestive of a prothrombotic pattern
(Table II).

Seven-Day Follow-Up

White blood cell (WBC) count (7.79x10°-1"!
(IQR 6 to 12.25) vs. 11.36x10°-1" (IQR 9.86-
15.89), p <0.01), platelet count (IQR 177.5x10°-1*!
(155 to 250) vs. 260.5x10°-1"" (IQR 214 to 413), p
<0.001), neutrophil count (IQR 6.56x10°-1" (3.73
to 10.72) vs. 8.83x10°-1" (IQR 8.11 to 11.73), p =
0.02), lymphocyte count (IQR 0.73x10°-1" (0.47
to 1.09) vs. 1.16x10°1" (IQR 0.62 to 1.54), p <
0.01), and D-dimer levels (IQR 1034.5 ng-ml"
(628 to 3762) vs. 5330 ng-ml' (IQR 2187 to
15800), p = 0.02) were significantly increased
after seven days in the 26 patients with the sev-
en-day follow-up blood samples available. We
also noticed a decrease in lactate dehydrogenase
(LDH) (IQR 451.5 U-I" (361 to 554) vs. 364.5
U-1" (IQR 298 to 425), p = 0.01), and aPTT (34.9
sec (IQR 29.2 to 42.5) vs. 31.4 sec (IQR 28.1 to
36), p <0.05). No infections were described for
these patients during the first seven days. These
data were collected in 26 patients (Table III).

TEG®™6s parameters and variables do not
significantly differ at seven-day follow-up, and
after a week of full-dose systemic anticoagula-
tion, confirming a state of hypercoagulability
explained by the distribution above the normal
range of angle and maximal clot strength am-
plitude (MA). Anticoagulation, either enoxa-
parin or unfractionated heparin, show no im-
pact on TEG patterns at seven days (Figure 2,
Table III).
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Table I. Clinical and laboratory characteristics of the study population.

Total (n=40) Alive (n= 23) Dead (n=17) P
Sex, female. No. (%) 11 (27.5) 6(26.1) 5(29.4) >0.99
Age [IQR] 67.5[55 to 77] 57 [48 to 67] 77 [75 to 80] <0.01*
Cardiovascular disease. No. (%) 21 (52.5) 7(30.4) 14 (82.4) <0.01*
Respiratory disease. No. (%) 6 (15) 0 6(35.3) <0.01*
Obesity. No. (%) 3(7.5) 2(8.7) 1(5.9) >0.99
Renal disease. No. (%) 2(5) 0 2 (11.8) 0.18
Diabetes. No. (%) 3(7.5) 2(8.7) 1(5.9) >0.99
FiO,. Ratio [IQR] 0.55[0.5 to 0.6] 0.6 [0.5 to 0.6] 0.5[0.5 to 0.6] 0.97
OTIL. No. (%) 29 (72.5) 15 (65.2) 14 (82.4) 0.23
SPOZ. % [IQR] 98 [96 to 98.5] 98 [97 to 99] 96 [95 to 98] <0.01*
P 0,/F,0,. Ratio [IQR] 190 [149.5 to 221.5] 196 [178 to 232] 152 [134 to 193] 0.048*
SPOZ/FiOz. Ratio [IQR] 174 [161.5 to 197] 165 [163 to 198] 188 [160 to 196] 0.64
P, CO,. mmHg [IQR]
(reference range = 35-48) 36 [32 to 41] 35 [32 to 44] 36 [32 t0 39.7] 0.90
Lac. mmol I [IQR]
(reference range = 0.5-1.6) 1.1 [1 to 1.6] 1.1 [1 to 1.4] 1.1 0.9 to 1.8] 0.97
pH [IQR]
(reference range = 7.35-7.45) 7.42 [7.36 to 7.46] 7.42 [7.38 to 7.44] 7.43 [7.34 to 7.47] 0.65
HR, bpm [IQR] 79 [66 to 86.5] 79 [66 to 87] 79 [69 to 86] 0.52
MAP, mmHg [IQR] 79.5[77.5 to 86] 82 [78 to 89] 79 [77 to 81] 0.08
Darunavir/Ritonavir. No. (%) 7(17.5) 6(26.1) 1(5.9) 0.21
Lopinavir/Ritonavir. No. (%) 30 (75) 16 (69.6) 14 (82.4) 0.47
Antibiotics. No. (%) 36 (90) 21 (91.3) 15 (88.2) >0.99
Sarilumab. No. (%) 4 (10) 4 (17.4) 0 0.12
Tocilizamab. No. (%) 7 (17.5) 7 (30.4) 0 0.01*
DIC score. Mean £ SD 29+0.6 27+0.7 32+£04 <0.01*
SOFA score. Mean + SD 5+29 427 7+24 <0.01*
WBC count. X 10° I"! [IQR]
(reference range = 4-10) 8.54 [5.98 to 12.68] 7.54 [4.9 to 10.6] 11.08 [6.43 to 15.26] 0.12
Neutrophil count. X 10° I'! [IQR]
(reference range = 1.5-7) 7.39[3.99 to 10.91] 6.2 [3.73 t0 9.09] 9.75 [5.7 to 12.12] 0.10
Lymphocyte count. X 10° 1" [IQR]
(reference range = 1.5-3) 0.77 [0.49 to 1.14] 0.85[0.61 to 1.27] 0.6 [0.38 to 0.84] 0.08
CRP. mg I'! [IQR]
(reference range < 5) 160.1 [74.55 to 193.15] 94.8 [41.9 to 185.6] 182 [152.5 to 212] 0.02*
PCT. ng ml"! [IQR]
(reference range < 0.5) 0.23 [0.11 to 0.57] 0.17 [0.09 to 0.8] 0.23 [0.19 to 0.29] 0.30
LDH. U 1" [IQR]
(reference range < 250) 463 [344.5 to 566] 441 [317 to 530] 547 [407 to 656] 0.12
aPTT. sec [IQR]
(reference range = 20-38) 34.5[29.7 to 42.2] 33.7[28.7 to 44.8] 35.4 [31.3 to 41.9] 0.46
INR. Ratio [IQR]
(reference range = 0.8-1.2) 1.09 [1.01 to 1.20] 1.07 [1 to 1.15] 1.11 [1.03 to 1.21] 0.29
Fib. mg dI-1 [IQR]
(reference range = 200-400) 512.5 [303.5 to 605] 487 [385 to 596] 557 [428 to 756] 0.37
Platelet count. x 10° I'! [IQR]
(reference range = 150-450) 193.5 [163 to 281] 228 [165 to 347] 185 [161 to 250] 0.34
AT. % [IQR]
(reference range = 70-140) 97.5[89.5 to 115] 100 [94 to 120] 90 [75 to 104] 0.02*
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Table I. (Continued). Clinical and laboratory characteristics of the study population.

Total (n=40)

D-dim. ng ml"' [IQR]
(reference range = < 500)
CK-R time. min [IQR]
(reference range = 4.6-9.1)
CK-K time. min [IQR]
(reference range = 0.8-2.1)
CK-Ang. degrees [IQR]
(reference range = 63-78)
LY30. % [IQR]
(reference range = 0-2.6)
rTEG-R. min [IQR]
(reference range = 0.3-1.1)
rTEG-K. min [IQR]
(reference range = 0.8-2.7)
rTEG-Ang. Degrees [IQR]
(reference range = 60-78)
rTEG-MA. mm [IQR]
(reference range = 52-70)
TEG-ACT time. sec [IQR]
(reference range = 82-152)
CRT-A10. mm [IQR]
(reference range = 44-67)
CKH-R time. min [IQR]
(reference range = 4.3-8.3)
CKH-K time. min [IQR]
(reference range = 0.8-1.9)
CKH-Ang. degrees [IQR]
(reference range = 64-77)
CKH-MA. mm [IQR]
(reference range = 52-69)
FF-MA. mm [IQR]
(reference range = 15-32)
CFF-A10 mm [IQR]
(reference range = 15-30)

71[5.2 to 8.1]
1.1 [0.9 to 1.5]
74.9 [70.9 to 77.5]
0 [0-0]

0.3 0.2 to 0.4]
0.7 [0.7 to 0.8]
80.5 [78.7 to 81.5]
69.8 [66.3 to 71.3]
78.5 [69.2 to 87.9]
68.5 [63 to 70.6]
6.6[5.2t0 7.5]

1.1 [0.85 to 1.3]
76.2 [74.6 to 77.7]
68.9 [65.8 to 70.2]
42.2130.9 to 49.2]

38.3 [28.4 to 44.4]

1752.5 [698.5 to 4434.5] 851 [530 to 2714]

Alive (n= 23) Dead (n=17) p
3762 [1464 to 6045] <0.01*

6.9 [5.2 to 7.8] 7.8 [5 t0 8.3] 0.40
1.30.9 to 1.5] 1.1[1to 1.2] 0.66
74.1 [70.2 to 78.2] 75.2 [73.5 to 77.1] 0.75
0[0-0] 0[0-0] 0.18
0.4 0.2 to 0.4] 0.3 [0.2 to 0.4] 0.20
0.8 [0.7 to 0.8] 0.7 [0.6 to 0.8] 0.38
80 [78.3 to 81.3] 81.1 [79.6 to 81.9] 0.20
68.8 [66.2 to 71.8] 70.3 [68.9 to 71] 0.97
87.9 [69.2 to 87.9] 78.5 [69.2 to 87.9] 0.20
67.3 [62.7 to 71] 69.1 [67.4 to 70] 0.96
6.3 [5.5 to 7.4] 6.6 [4.9 to 7.5] 0.43
1.1 0.9 to 1.3] 1.1 [0.8 to 1.1] 0.57
76 [73.4 to 77] 76.2 [74.8 to 77.9] 0.57
67.9 [64.9 to 70.4] 68.9 [66.2 t0 69.7] 0.91
39.1 [29.9 to 49.2] 43.7 [36.4 to 48.7] 0.44
357 [27.4 to 44.4] 40.7 [33 to 43.4] 0.42

Data are expressed as median [Interquartile Range, IQR], Frequencies No. (%). DIC and SOFA scores are expressed as mean
+ standard deviation (+ SD). Abbreviations: OTI, orotracheal intubation; LAC, lactates; HR, heart rate; MAP, mean arterial
pressure; DIC, disseminated intravascular coagulation, SOFA, sequential organ failure assessment; WBC, white blood
cell; CRP, c-reactive protein; PCT, procalcitonin; LDH, lactate dehydrogenase; FIB, fibrinogen; AT, Antithrombin; D-dim,
D-dimer; R, reaction time; K, coagulation time; ANG, angle; MA, maximum amplitude; CK, citrated recalcified kaolin-
activated blood; rTEG, rapid thromboelastography; ACT, activated clotting time; CRT, citrated recalcified kaolin and tissue
factor activated blood; A10, amplitude 10 minutes after clotting time; CKH, citrated recalcified kaolin-activated blood treated
with heparinase; FF, functional fibrinogen; CFF, citrated functional fibrinogen; LY30, the percentage decrease in amplitude

at 30 minutes post-MA.

Discussion

Several reports have been published focusing
particularly on the impact of SARS-CoV-2 on
coagulation and thromboembolic complications.
Most of the published studies consist of local
experiences involving small cohorts of patients.

Nowadays, there is increasing interest regarding
the potential role of viscoelastic testing as an es-
sential diagnostic tool to better understand the
pathophysiology of COVID-19. Of thirteen pub-
lished studies, six'*?* chose ROTEM technology,
other six!>!425-2740 TEG®5000, and only Salem et
al* chose TEG"6s to perform the viscoelastic as-
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Figure 1. KDE, Frequency and Plot graphs. a-b: KDE plus Frequency and Plot graphs showing the distribution of the major-
ity of rTEG-Ang and FF-MA values above the upper limits of the normal range. ¢: Frequency distribution and KDE showing
the majority of frequency and density of ACT-TEG values below the lower limit of its normal range. Rt is equivalent to ITEG.

sessment. In this study, we use TEG®6s, a novel
and validated device, to perform thromboelas-
tographic analysis in COVID-19 critically ill
patients. For the first time, a second assessment
at seven-days in 26 out of 40 patients, was per-
formed.
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We found that TEG®6s patterns of COVID-19
patients are characterized by an increased am-
plification phase (MA) in the functional fibrino-
gen analysis and an increase in angle values in
the rTEG. Activated clotting time (TEG-ACT) in
TEG was also reduced*. Elevated maximal clot
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firmness in functional fibrinogen analysis is con-
sistent with the results of previous studies where
ROTEM technology was adopted'***?". Although
previous authors**-¢ studying TEG profiles in
critically ill patients have proposed elevated max-
imum amplitude as a marker of hypercoagulabil-
ity, our results are not strong enough to suggest
the presence of an evident prothrombotic state.
Brill et al*’ showed that a hypercoagulable throm-
boelastography, defined as low R, angle or MA
above the reference range, was associated with a
higher rate of DVT (15.6% vs. 8%; p = 0.039) in a
large study on trauma patients. The combination
of the three values was statistically significant®®.
Recently, Panigada et al*® analyzed CKH patterns
in a series of 24 patients and described a global
decrease in R and K values. However, consistent
with the findings by Salem et al*' where TEG®6s
patterns in a population of 52 Sars-CoV-2 positive
patients were analyzed, we did not fully confirm
Panigada et al’s* conclusions regarding CKH-R
and CKH-K, as they were in the normal range in
our population.

As already discussed by previous studies?’,
conventional coagulation tests and platelet count
were normal in our cohort of patients. Moreover,
plasma fibrinogen and D-dimer levels were per-
sistently increased above the reference range, and
LY30 remained 0%. Together, higher D-dimer
and fibrinogen levels, the absence of clot lysis at
30 minutes, and the observed increase in maxi-
mum amplitude, are hallmarks of a state of im-

paired fibrinolysis. In a recent study on trauma pa-
tients, Cotton et al*® on trauma patients, describe
a relation between fibrinolysis shutdown, a pro-
found alteration in fibrinolytic processes, and an
increased risk of thrombotic complications. This
evidence is also confirmed in the retrospective
analysis on 52 patients by Salem et al*. In trauma
patients, high D-dimer levels and low LY30 al-
ready represent criteria to define fibrinolysis shut-
down. Wright et al'* investigated on 44 COVID-19
patients to identify the patients at higher risk of
thromboembolic complications. They correlated
the thrombotic events with a complete fibrinolysis
shutdown, defined by LY30 of 0% and D-dimer
levels > 2600 ng-ml™. In our study, the population
with the worst outcome at 28 days presented a
complete fibrinolysis shutdown, according to and
in agreement of the criteria suggested by Wright
et al', with an LY30 of 0% and a median D-dimer
level of 3762 ng'ml! (IQR 1464 to 6045).
Different hypotheses have been made to ex-
plain high D-dimer levels in SARS-CoV-2 infec-
tion. Some authors® suggest that, due to the long
half-life of D-dimer, they do not reflect the current
fibrinolytic activity. Gall et al*® hypothesized that
low fibrinolysis with high D-dimer levels reflects
a fibrinolytic process that is not measurable by
viscoelastic methods, what they called an “occult
hyperfibrinolysis”. Ibafiez et al'’ proposed a third
hypothesis: intra-alveolar fibrin deposition is a
common finding in COVID-19 pneumonia and,
due to the alveolar damage, alveolar epithelial
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cells could be induced to produce urokinase. This
determines that the lungs could be the potential
source of D-dimer, coexisting with the systemic
hypofibrinolytic state.

Although D-dimer was high, contrary to the
study by Tang et al®! and consistently with other
experiences, DIC score per ISTH criteria remain
lower than 4, with no evidence for consumption
coagulopathy!141923-25,

Our results support the hypothesis presented
by Yuriditsky et al** that fibrinogen and platelet
have a massive impact on the thromboelastogra-
phy profiles in COVID-19 syndrome. It is crucial
to better understand if conventional anticoagu-
lation can be useful to prevent thromboembolic
events. All the patients included in this study re-
ceived full-dose systemic anticoagulant from ICU
admission (Enoxaparin 0.5 mg-kg' subcutaneous
twice daily, unfractionated Heparin 7500 units
subcutaneously three times daily, or low-intensi-
ty heparin infusion). No changes were found in
conventional coagulation teats or TEG variables,
after seven days of anticoagulant therapy.

Nougier et al*! investigated fibrinolytic activity
and thrombin generation in 48 COVID-19 crit-

ically ill patients. In their brief report, they hy-
pothesized that the coagulopathy could be due to a
type of major inflammatory syndrome, in light of
high levels of fibrinogen and Factor VIII. At sev-
en-day follow-up, we found a significant increase
in white blood cell count, lymphocyte count and
platelet count (Table III). Immunomodulatory ef-
fect of anticoagulants has been discussed in the
literature, and we cannot exclude that the increase
in circulating blood cells could be due to UFH or
LMWH?>,

COVID-19 viscoelastic profiles appear compa-
rable to those obtained from patients affected by
the chronic inflammatory disease, and this is also
supported by the evidence of an increase in mark-
ers of systemic inflammation, such as platelet
count and D-dimer levels at seven-day follow-up.
To detect this, Turk et al> investigated the pres-
ence of a prothrombotic state in patients affected
by chronic inflammatory syndromes and also de-
scribed a higher incidence of thrombotic arterial
and venous events.

Klok et al" and Shah et al? reported, in
COVID-19 patients, a rate of thrombotic events of
31% and 43.3%, respectively. We observed only

Table Il. Percentages of observed values above upper limits or below lower limits.

Limits of normal range
> Upper limit (%) < Lower limit (%) Skewness

CK-R 5 10 -0.39
CK-K 0 10 0.59
CK-Ang 10 0 -0.36
CK-MA 25 0 -0.75
LY30 0 0 3.75
TEG-R 0 50 0.2
TEG-K 0 75 1.64
TEG-Ang 75 0 -0.56
TEG-MA 50 0 -0.42
TEG-ACT 0 75 0.21
CRT-A10 50 0 -0.57
CKH-R 10 10 -0.1
CKH-K 5 10 1.13
CKH-Ang 25 0 -0.56
CKH-MA 50 0 -0.37
FF-MA 75 0 -0.13
CFF-A10 75 0 -0.08

Negative skewness indicates a left shift of data distribution above upper limits of normal range; positive skewness indicates
a right shift of values’ distribution below lower limits of normal range. Abbreviations: R, reaction time; K, coagulation time;
ANG, angle; MA, maximum amplitude; CK, citrated recalcified kaolin-activated blood; TEG, rapid thromboelastography;
ACT, activated clotting time; CRT, citrated recalcified kaolin and tissue factor activated blood; A10, amplitude 10 minutes
after clotting time; CKH, citrated recalcified kaolin-activated blood treated with heparinase; FF, functional fibrinogen; CFF,
citrated functional fibrinogen; LY 30, the percentage decrease in amplitude at 30 minutes post-MA.
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Table Ill. Laboratory characteristics of the study population assessed at admission and seven-day follow-up (n=26).

Admission 7-day follow-up pP
WBC count. x 10° I [IQR]
(reference range = 4-10) 7.79 [6 to 12.25] 11.36 [9.86 to 15.89] <0.01*
Neutrophil count. x 10° I'! [IQR]
(reference range = 1.5-7) 6.56 [3.73 to 10.72] 8.83 [8.11 to 11.73] 0.02*
Lymphocyte count. x 10° 1" [IQR]
(reference range = 1.5-3) 0.73 [0.47 to 1.09] 1.16 [0.62 to 1.54] <0.01*
CRP. mg I [IQR]
(reference range < 5) 156.25 [85 to 193.5] 125.8 [15 to 247] 0.56
PCT. ng ml"! [IQR]
(reference range < 0.5) 0.2510.17 to 0.87] 0.28 [0.17 to 0.49] 0.38
LDH. U I [IQR]
(reference range < 250) 451.5[361 to 554] 364.5 [298 to 425] 0.01*
aPTT. sec [IQR]
(reference range = 20-38) 34.9[29.2 to 42.5] 31.428.1to 36] 0.03*
INR. Ratio [IQR]
(reference range = 0.8-1.2) 1.08 [1 to 1.21] 1.07 [1.02 to 1.14] 0.61
Fib. mg dI'! [IQR]
(reference range = 200-400) 554 [385 to 624] 571 [322 to 696] 0.87
Platelet count. x 10° I'' [IQR]
(reference range = 150-450) 177.5 [155 to 250] 260.5 [214 to 413] <0.01*
AT. % [IQR]
(reference range = 70-140) 98.5[90 to 114] 101.5 [93 to 108] 0.77
D-dim. ng ml! [IQR]
(reference range = < 500) 1034.5 [628 to 3762] 5330 [2187 to 15800] 0.02*
CK-R time. min [IQR]
(reference range = 4.6-9.1) 7.1[5to 8.2] 6.9 [5.8 t0 8.4] 0.19
CK-K time. min [IQR]
(reference range = 0.8-2.1) 1.15[1.1to 1.5] 0.95[0.8 to 1.5] 0.50
CK-Ang. degrees [IQR]
(reference range = 63-78) 74.7[70.2 to 76.2] 75.05 [71.1 to 78] 0.67
CK-MA. mm [IQR]
(reference range = 52-69) 68.25 [64.4 to 69.7] 69.5[66.3 to 72.6] 0.09
rTEG-R. min [IQR]
(reference range = 0.3-1.1) 0.4 0.2 to 0.4] 0.3[0.2t00.4] 0.49
rTEG-K. min [IQR]
(reference range = 0.8-2.7) 0.75[0.6 to 0.9] 0.7 [0.6 to 0.8] 0.38
rTEG-Ang. Degrees [IQR]
(reference range = 60-78) 80.5 [78.3 to 81.9] 81.05 [78.8 to 82.6] 0.13
rTEG-MA. mm [IQR]
(reference range =52-70) 69.75 [65.7 to 71.2] 70.35 [68.1 to 73.4] 0.10
TEG-ACT time. sec [IQR]
(reference range = 82-52) 87.9[69.2 to 87.9] 78.5[69.2 to 87.9] 0.58
CRT-A10. mm [IQR]
(reference range = 44-67) 68.45[61.7 to 70.6] 69.5[64.3 to 72.9] 0.21
CKH-R time. min [IQR]
(reference range = 4.3-8.3) 6.6 [4.9t0 7.5] 6.2 [5.7to0 8.1] 0.35
CKH-K time. min [IQR]
(reference range = 0.8-1.9) 1.1]0.9to 1.3] 1.05[0.9 to 1.3] 0.82

Table continued
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Table Illl. (Conintued). Laboratory characteristics of the study population assessed at admission and seven-day follow-up

(n=26).
Admission 7-day follow-up P

CKH-Ang. degrees [IQR]
(reference range = 64-77) 75.79 [74.3 to 76.7] 77.05 [73 to 79.4] 0.75
CKH-MA. mm [IQR]
(reference range = 52-69) 68.45 [64.6 to 70.1] 69.2 [65.9 to 71.9] 0.24
FF-MA. mm [IQR]
(reference range = 15-32) 41.3 [28.6 to 49.4] 42.6 [33.5 to 53.4] 0.24
CFF-A10 mm [IQR]
(reference range = 15-30) 37.8 [25.8 to 45] 38.6 [31.5t0 51.4] 0.24

Data are expressed as median [Interquartile Range, IQR]. Abbreviations: WBC, white blood cell; CRP, c-reactive protein;
PCT, procalcitonin; LDH, lactate dehydrogenase; FIB, fibrinogen; AT, Antithrombin; D-dim, D-dimer; R, reaction time;
K, coagulation time; ANG, angle; MA, maximum amplitude; LY 30, percentage of lysis 30 minutes after MA was finalized;
CK, citrated recalcified kaolin-activated blood; RT, rapid thromboelastography; ACT, activated clotting time; CRT, citrated
recalcified kaolin and tissue factor activated blood; A10, amplitude 10 minutes after clotting time; CKH, citrated recalcified
kaolin-activated blood treated with heparinase; FF, functional fibrinogen; CFF, citrated functional fibrinogen.

two cases of pulmonary embolism, and no evi-
dence of deep venous thrombosis was found.

However, some limitations of this study should
be noted. First, this is a small single-center study.
Despite the fact that we enrolled consecutive pa-
tients trying to avoid possible selection bias, the
number remains limited. We observed a lower
incidence of thromboembolic events, and this can
be due mainly to the fact that we do not perform
routinely computed tomography pulmonary an-
giogram or ultrasound assessments. On the other
hand, our cohort of patients was limited compared
to the population included in the study by Klok et
al'l and Shah et al>. We could not compare the re-
sults with a control group, and only in 26 patients
the follow-up analysis was available. TEG®6s al-
lows easily to perform more tests with a single
blood sample and a single cartridge, eliminating
the bias of the pre-analytic phase but has got limits.
As seen in the study published by Lloyd-Donald et
al®?> TEG®6s and TEG®5000 are interchangeable,
except for some apparent bias in MA (difference
5.2 mm) and difference in LY30 (0.61%).

Conclusions

TEG®6s, a novel device, allowed us to study
the fibrinogen contribution to clot formation
through TEG functional fibrinogen, an essential
tool that is not available using TEG®5000. For
the first time we assessed the impact of a full-
dose systemic anticoagulation on viscoelastic
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parameters. An integrated approach allows the
identification of fibrinolysis shutdown in the
early phases of the infectious disease. This pat-
tern is not characterized by platelet, fibrinogen,
and coagulation factors consumption that are
typical of DIC. On the contrary, hypofibrino-
lysis together with increased D-dimer values
are typical hallmarks of this disease. Whether
these abnormalities are predictive for throm-
botic events as part of an inflammatory process
is an interesting hypothesis which needs fur-
ther ad hoc designed studies. Chow et al®, in a
recent large retrospective study, suggested that
aspirin use may be associated with improved
outcomes in hospitalized COVID-19 patients.
Unfortunately, we have no data on the effects
of routinely given antiplatelets medications in
COVID-19 syndrome in our center. As a conse-
quence, there is a great need to investigate the
effect of antiplatelets and other antithrombotic
medications, as low molecular weight heparin
and unfractionated heparin show no effects.
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