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The coronavirus disease 2019 (COVID-19) pandemic is currently recognized as a global
health crisis. This viral infection is frequently associated with hypercoagulability, with a
high incidence of thromboembolic complications that can be fatal. In many situations, the
standard coagulation tests (SCT) fail to detect this state of hypercoagulability in patients
with COVID-19 since clotting times are either not or only mildly affected. The role of vis-
coelastic tests such as rotational thromboelastometry (ROTEM®) during this pandemic is
explored in this review. COVID-19-associated coagulopathy, as measured using the rota-
tional thromboelastometry parameters, can vary from hypercoagulability due to increased
fibrin polymerization and decreased fibrinolysis to bleeding from hypocoagulability. The
use of a multimodal diagnostic and monitoring approach, including both rotational
thromboelastometry and SCT, such as plasma fibrinogen and D-dimer concentrations, is
recommended. Rotational thromboelastometry provides comprehensive information
about the full coagulation status of each patient and detects individual variations. Since
COVID-19-associated coagulopathy is a very dynamic process, the phenotype can change
during the course of infection and in response to anticoagulation therapy. Data from pub-
lished literature provide evidence that the combination of rotational thromboelastometry
and SCT analysis is helpful in detecting hemostasis issues, guiding anticoagulant therapy,
and improving outcomes in COVID-19 patients. However, more research is needed to de-
velop evidence-based guidelines and protocols.

Keywords: Anticoagulants; Blood coagulation disorders; COVID-19; Fibrinolysis; SAR-
SCoV-2; Thrombelastography; Thrombophilia; Thrombosis.

Introduction

The first case of coronavirus disease 2019 (COVID-19) was reported in Wuhan City,
China, in December 2019, before it became a global pandemic. The disease is highly con-
tagious, and the clinical picture varies from an asymptomatic course to acute respiratory
failure [1]. COVID-19-associated hypercoagulability and subsequent pulmonary throm-
bosis are among the leading causes of death from COVID-19. This hypercoagulability
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can be resistant to standard doses of low molecular weight hepa-
rin (LMWH), indicated by low anti-Xa levels (< 0.4 IU/ml), in
patients with sub-therapeutic or therapeutic anticoagulation. Fur-
thermore, hypercoagulability in COVID-19 is characterized by
high plasma fibrinogen concentrations and elevated D-dimer lev-
els (> 2,500 pg/L). Published data suggest that both hypercoagu-
lability and a significant increase in proinflammatory cytokines
(cytokine storm) are the leading causes of multiple organ failure
in critically ill COVID-19 patients (immunothrombosis) [2-5].
Moreover, hypercoagulability is initiated by activating proinflam-
matory cytokines such as interleukin-6 (IL-6) and tumor necrosis
factor-a (TNF-a) [6]. The plasma fibrinogen concentration and
D-dimer levels subsequently increase. These values exhibit a
strong correlation with disease severity and can predict mortality
at hospital and intensive care unit (ICU) admission [7]. The pres-
ence of other coexisting diseases, such as cardiovascular or cere-
bral diseases, can also increase the risk for morbidity and mortali-
ty [8]. Standard coagulation tests (SCT) of patients with COVID-19
such as platelet count, prothrombin time (PT), activated partial
thromboplastin time (aPTT), and international normalized ratio
(INR) may show normal results despite the presence of hypercoag-
ulability on rotational thromboelastometry and microvascular
thrombosis [9-11].

In contrast, viscoelastic tests (VETSs) can evaluate the mechani-
cal properties of clot formation and lysis. The most frequently
used VETs are thromboelastography (TEG®) and rotational
thromboelastometry (ROTEM®). Published literature regarding
this pandemic explored the ability of TEG® and ROTEM® to de-
tect COVID-19-associated coagulopathy [12,13]. Increased
thrombin generation and clot formation plays an important role
in the progression of COVID-19 and can be used to predict the

severity and risk of complications [14,15].

Aim and method of the narrative review

This narrative review aimed to identify and discuss the peer-re-
viewed literature regarding the role of rotational thromboelastom-
etry for COVID-19 patients who experienced coagulopathy. This
review provides important information to clinicians and health-
care authorities regarding the possible role of rotational throm-
boelastometry as a diagnostic and monitoring tool during the
current COVID-19 pandemic.

This literature review was approved by the local research and
ethics committee on October 18, 2020 (approval no. 2020-10-50)
of the College of Medicine, King Faisal University, Al-Ahsa, Ho-
fuf, Kingdom of Saudi Arabia. This review explores and identifies

several published studies focusing on the role of rotational throm-
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boelastometry in critically ill patients with COVID-19. Medline,
Scopus, PubMed, and Google Scholar were searched for related
literature published between January and December 2020. Cur-
rent peer-reviewed and accepted online ahead of print publica-
tions were also included. PubMed was searched using the follow-
ing keywords, which obtained 24 results: (COVID-19 [Title/Ab-
stract] OR SARS-CoV-2 [Title/Abstract]) AND (ROTEM [Title/
Abstract] OR thromboelastometry [Title/Abstract]).

Rotational thromboelastometry

Rotational thromboelastometry (ROTEM®, Tem Innovations,
Germany) is a point-of-care device that is capable of evaluating
the viscoelastic properties and kinetics of the whole coagulation
process, including clot formation and lysis, in vitro. Rotational
thromboelastometry can assess both extrinsic and intrinsic coag-
ulation pathways depending on the reagents used [16]. The four
principal tests used with ROTEM include EXTEM, INTEM,
FIBTEM, and HEPTEM, which assess the extrinsic coagulation
pathway, intrinsic coagulation pathway, fibrin contribution to clot
firmness, and heparin-like effects, respectively. Rotational throm-
boelastometry measures the following parameters: CT, CFT, A5,
A10, and MCE. CT is the time needed to initiate clot development
(until clot firmness = 2 mm). CFT characterizes clot kinetics
based on the time needed to increase clot firmness from 2 to 20
mm. MCF is the maximum clot firmness measured in mm
achieved during the thromboelastometric measurement. Finally,
fibrinolysis is characterized by maximum lysis (ML in %), which
is defined as the decrease in clot firmness, expressed in percent-
age, of MCF during run time. Lysis indexes at 30 (LI30), 45 (LI45),
and 60 (LI60) min are defined as the residual clot firmness in per-
centage of MCF at 30 or 60 min after CT, respectively. To detect
hypofibrinolysis/fibrinolysis shutdown, the run time should be at
least 60 min in order to achieve LI60. The lysis onset time (LOT
in seconds) is defined as the time from CT until the clot firmness
amplitude decreases by 15% compared with MCE. LOT is not
achieved during a 60-min run time in patients with hypofibrino-
lysis/fibrinolysis shutdown or prolonged in TPATEM/TPA-test
with recombinant tissue plasminogen activator (r-tPA)-challenge
in patients with COVID-19. TPATEM/TPA-test is a modified EX-
TEM test with the addition of r-tPA. Here, r-TPA-doses (Al-
teplase, Boehringer-Ingelheim, Germany) between 0.125 and
0.625 pg/ml were used for r-tPA-challenge by different investiga-
tors. Lysis time (LT in seconds), defined as the time from CT until
the clot firmness decreases to 50% (in ClotPro®) or 10% (in RO-
TEM®) compared with MCE, can also be used to characterize fi-

brinolysis resistance. Fibrinolysis resistance is characterized by
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prolonged LOT, prolonged LT, and increased LI30 in the
TPATEM/TPA-test. Fig. 1 illustrates the rotational thromboelas-
tometry parameters and indices mentioned above [16].

Several studies prior to the COVID-19 pandemic demonstrated
that an EXTEM or INTEM MCEF of > 68 mm (A10 > 61.5 mm)
is a strong indicator of hypercoagulability and predictor of throm-
bosis [17,18]. A FIBTEM MCEF value of > 25 mm is associated
with a five-fold increased risk of developing thrombosis in cir-
rhotic patients with hepatocellular carcinoma [19,20]. Hypercoag-
ulability in COVID-19 patients was assessed by rotational throm-
boelastometry, which is used as a diagnostic tool [21,22]. Hypofi-
brinolysis/fibrinolysis shutdown in rotational thromboelastome-
try is diagnosed based on the following criterion: an EXTEM ML
of < 3.5% following a 60-min run time, which corresponds to an
EXTEM LI60 of > 96.5%. Accordingly, rotational thromboelasto-
metry analysis should run for 65-70 min in COVID-19 patients
in order to confirm or exclude hypofibrinolysis/fibrinolysis shut-
down [22-24].
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COVID-19-associated hypercoagulability in
rotational thromboelastometry

Between April and August 2020, several independent research
groups (Pavoni et al. [5], Spiezia et al. [25], Collett et al. [26], and
Hoechter et al. [27]) reported and confirmed the presence of hy-
percoagulability after conducting a series of thromboelastometric
analyses in COVID-19 patients, and it was associated with an in-
creased risk of thrombosis. Kong et al. [21] described this hyperco-
agulability as an increase in EXTEM and FIBTEM MCEF (Fig. 2).
Moreover, Ibafiez et al. [28] attributed this hypercoagulability to
hypofibrinolysis/fibrinolysis shutdown. Chaudhary et al. [29] sug-
gested that rotational thromboelastometry can monitor the hy-
percoagulability/hypofibrinolysis status and can be a predictor of
thromboembolic complications. In October 2020, Almskog et al.
[30] demonstrated that EXTEM and FIBTEM MCE, assessed at
hospital admission, could help distinguish hospitalized COVID-19

patients who can be treated at a regular ward from those who will
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Fig. 1. ROTEM® parameters and indices. A5: clot firmness amplitude 5 min after coagulation time (CT) in mm, A10: clot firmness amplitude 10
min after CT in mm, CFT: clot formation time in seconds (time from 2 to 20 mm clot firmness), CT: coagulation time in seconds (time from test
start to 2 mm clot firmness), FDPs: fibrin(ogen) degrading products, F XIII: coagulation factor XIII, LI30: lysis index 30 min after CT in % (residual
clot firmness in percentage of MCF), LI45: lysis index 45 min after CT in %, LI60: lysis index 60 min after CT in %, LOT: lysis onset time in
seconds (time from CT to 15% fibrinolysis = 85% residual clot firmness compared to MCF), and LT: lysis time in seconds (time from CT to 90%
fibrinolysis = 10% residual clot firmness compared to MCF). Courtesy of Klaus Gorlinger, Munich, Germany.
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Heparin Resistance: Inadequate Low Anti-Xa Activity or INTEM/
HEPTEM CT-ratio (UFH) or NATEM/NAHEPTEM CT-ratio (LMWH)

Inflammation:
Fibrinogen > 5 (7) g/L or
FIBTEM MCF > 24 (34) mm

Coagulation Activation:
D-dimer > 2.5 (5.0) mg/L

Hypercoagulability:
EXTEM MCF > 68 (74) mm

Hypofibrinolysis/Fibrinolysis Shutdown:
EXTEM ML (60 min after CT) < 3.5% or
EXTEM LI60 > 96.5%

Fig. 2. COVID-19-associated coagulopathy. Diagnostic value of
D-dimer, fibrinogen, anti-Xa activity, and rotational thromboelastometry
parameters. CT: coagulation time in seconds, EXTEM: ROTEM® test
assessing the extrinsic coagulation pathway, FIBTEM: ROTEM® test
assessing fibrin contribution to clot firmness, HEPTEM: ROTEM® test
assessing the intrinsic coagulation pathway with elimination of heparin-
like effects by heparinase, INTEM: ROTEM® test assessing the intrinsic
coagulation pathway which is sensitive to heparin-like effects, LI60: lysis
index 60 min after CT in % of MCF, LMWH: low molecular weight
heparin, MCF: maximum clot firmness in mm, ML: maximum lysis
in % of MCE NAHEPTEM: native ROTEM® test with elimination of
heparin-like effects by heparinase, NATEM: native ROTEM® test which
is sensitive to LMWH, and UFH: unfractionated heparin. Courtesy of
Klaus Gorlinger, Munich, Germany.

require treatment at specialized ICUs with the need for mechanical
ventilation. They also suggested that this could be used in future
triage protocols. Further studies conducted by Spiezia et al. [31],
van Veenendaal et al. [32], and Blasi et al. [33] confirmed that
these rotational thromboelastometry findings provide supportive
evidence to indicate that hypercoagulability in EXTEM, INTEM,
and FIBTEM were associated with a more severe COVID-19. Roh
et al. [34] also suggested that the significant increase in fibrinogen
plasma concentrations and FIBTEM MCEF indicates the severity
of COVID-19 and can be used for risk stratification for thrombo-
sis, respiratory failure, and mortality. In fact, an ongoing multina-
tional (11 countries), multicenter (16 hospitals) observational trial
is aimed at assessing the value of rotational thromboelastometry
and SCTs in predicting the need for hospital resources, patients’
course, and outcomes in 500 hospitalized patients with COVID-19
(ROHOCO study; DRKS00023934) [22].

94

COVID-19-associated hypofibrinolysis/
fibrinolysis shutdown in rotational
thromboelastometry

The failure of LMWH or unfractionated heparin (UFH) to re-
duce the incidence of thrombosis was reported by Creel-Bulos et
al. [24] and was attributed to the presence of hypofibrinolysis/fi-
brinolysis shutdown, characterized by an EXTEM ML value of <
3.5%, which corresponds to an EXTEM LI60 value of > 96.5%.
Here, either 8 of 9 (89%) patients with venous thrombosis met the
diagnostic criteria for hypofibrinolysis/fibrinolysis shutdown, or 8
out of 11 (73%) patients with hypofibrinolysis/fibrinolysis shut-
down developed thrombosis. Meanwhile, only 1 out of 14 (7%)
patients without hypofibrinolysis/fibrinolysis shutdown devel-
oped thrombosis. The cut-off value for the hypofibrinolysis/fibri-
nolysis shutdown reported by Creel-Bulos et al. [24] is in line with
those for hypofibrinolysis/fibrinolysis shutdown published by
Adamzik et al. [35] and Schmitt et al. [36] for bacterial sepsis and
Gomez-Builes et al. [23] and Stettler et al. [37] for trauma pa-

tients.

COVID-19-associated fibrinolysis resistance in
rotational thromboelastometry

Weiss et al. [38] and Nougier et al. [39] demonstrated that clots
from some critically ill COVID-19 patients were resistant to r-tPA
challenge in rotational thromboelastometry (TPATEM = EX-
TEM with 0.125-0.625 pg/ml r-tPA (Alteplase, Boehringer-Ingel-
heim, Germany) despite the high D-dimer plasma concentrations.
Fibrinolysis resistance was defined as a delay in the lysis onset
time (LOT in seconds) or an increased LI30 in % of MCF after an
in vitro r-tPA challenge (Fig. 3). Here, healthy controls showed a
LI30 of 1.8 + 3.2%; non-ICU COVID-19 patients, 18 + 35%;
ICU COVID-19 patients, 63 + 39%; and ICU COVID-19 patients
with thrombosis, 82 + 26% (P = 0.003). A TPATEM assay with
0.125 pg/ml r-tPA has been validated on ROTEM® delta [40];
however, a CE-marked TPA-test can only be performed using the
ClotPro® device, a modification of ROTEM® [41]. In COVID-19
patients with thrombosis, LT was significantly prolonged in the
TPATEM/TPA-test. Whether detection of fibrinolysis resistance
provides additional clinically relevant information compared with
the detection of hypofibrinolysis/fibrinolysis shutdown remains

unknown and requires further investigation.
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LI30 = (CF 30 min after CT/MCF) x 100 [% MCF]

TPATEM = EXTEM + 0.625 pg/ml r-tPA

10 20

30 40 50 min

Fig. 3. TPATEM/TPA-test findings in COVID-19 patients. Representative TPATEM curves from a healthy donor (green curve), a COVID-19
patient without thrombosis (black curve), and a COVID-19 patient with thrombosis (red curve). In COVID-19 patients, LOT and LT are
prolonged, and MCF and LI30 are increased compared with those in healthy controls after r-tPA challenge (TPATEM = EXTEM + 0.625 pg/ml
1-tPA). CF: clot firmness in mm, CT: coagulation time in seconds, EXTEM: ROTEM® test assessing the extrinsic coagulation pathway, LI30: lysis
index 30 min after CT in % of MCE, LOT: lysis onset time in seconds, MCF: maximum clot firmness in mm, ML: maximum lysis in % of MCE,
and r-tPA: recombinant tissue plasminogen activator. Courtesy of Klaus Gorlinger, Munich, Germany.

High D-dimer levels combined with
hypofibrinolysis/fibrinolysis shutdown as a
strong predictor of thrombosis in COVID-19
patients

The combination of high D-dimer levels and hypofibrinolysis/
fibrinolysis shutdown in VET showed the best predictive value for
venous thromboembolism (VTE), thrombotic stroke, and renal
failure with the need for dialysis in COVID-19 patients [42,43].
Here, Wright et al. [42] demonstrated that the receiver operating
characteristics area under the curve (ROC AUC) values for pre-
dicting VTE were 0.742 (95% CI, 0.581, 0.903; P = 0.022) for
TEG® lysis 30 (TEG® LY30 in % = decrease of clot firmness am-
plitude in percentage of maximum amplitude [MA] at 30 min af-
ter MA) and 0.582 (95% CI, 0.372, 0.792; P = 0.440) for D-dimer.
The ROC AUC values for predicting renal failure with the need
for dialysis were 0.799 (95% CI, 0.610, 0.949; P = 0.005) for D-di-
mer and 0.606 (95% CI, 0.414, 0.797; P = 0.292) for TEG® LY30.
Combined analysis revealed the VTE, thrombotic stroke, and re-
nal failure incidence rates of 5%, 7%, and 14%, respectively, with
the need for dialysis in COVID-19 patients with a D-dimer con-
centration of < 2,600 FEU and TEG® lysis 30 of > 0% (TEG®
LY30 is defined as the reduction in clot firmness amplitude in
percentage of [MA] 30 min after MA). If the D-dimer concentra-
tion was higher than 2,600 FEU or the TEG® LY30 was 0%, the
incidence rates of VTE, thrombotic stroke, and renal failure with

the need for dialysis increased to 30%, 10%, and 30%, respectively.

https://doi.org/10.4097/kja.21006

If the D-dimer concentrations were higher than 2,600 FEU and
the LY30 was 0%, the incidence rates of VTE, thrombotic stroke,
and renal failure with the need for dialysis increased to 50% (P =
0.008), 30% (P = 0.274), and 80% (P = 0.004), respectively. These
results are in line with the data published recently by Kruse et al.
[43]. Here, EXTEM ML was inversely (ROC AUC, 0.8 [95% CI,
0.7, 0.9]; P = 0.002) and D-dimer concentration was directly
(ROC AUG, 0.78 [95% CI, 0.6, 0.9]; P < 0.001) associated with an
increased risk of VTE complications. The combination of EXTEM
ML values and D-dimer concentrations showed high sensitivity
and specificity for VTE risk prediction (D-dimer [mg/L] - EX-
TEM ML [%] cut-off, 3.7; ROC AUC, 0.92 [95% CI, 0.8, 1.0]; P <
0.001; sensitivity, 94%, specificity > 90%). Accordingly, the com-
bination of hypofibrinolysis/fibrinolysis shutdown and increased
D-dimer levels is actually the best predictor for VTE, thrombotic
stroke, and renal failure with the need for dialysis in critically ill
COVID-19 patients. Primarily, this combination resulted in some
confusion since increased D-dimer levels have been misinterpret-
ed as a biomarker of increased fibrinolysis [28]. However, both
Almskog et al. [30] and Madathil et al. [44] reported that only
0.02%-0.2% of the fibrinogen mass was cleaved to D-dimers in
COVID-19. Accordingly, increased D-dimer concentration in
COVID-19 patients reflect an increased fibrin deposition but not
an increased breakdown of fibrin (fibrinolysis). Finally, the com-
bination of increased fibrin deposition in the microcirculation
combined with hypofibrinolysis results in multiple organ failure

(lungs, kidney, and brain).
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Potential implications of hypofibrinolysis/
fibrinolysis shutdown for the therapy of
COVID-19-associated coagulopathy

These data suggest that COVID-19 patients with respiratory
failure (PaO,/FiO, < 150 mmHg for more than 4 h despite opti-
mum mechanical ventilation and prone positioning) who experi-
enced hypercoagulability and hypofibrinolysis/fibrinolysis shut-
down might benefit from sub-therapeutic/therapeutic anticoagu-
lation and/or additional thrombolytic therapy with r-tPA (Al-
teplase, Boehringer-Ingelheim, Germany) [34,45-49]. A recent
case series showed that r-tPA therapy can improve oxygenation
and may improve survival in this specific patient population [50-
53].

The required r-tPA-dose can vary from patient to patient.
Therefore, monitoring the effect of thrombolytic therapy in
COVID-19 patients by rotational thromboelastometry is recom-
mended [50,53]. Here, rotational thromboelastometry is not only
important in selecting the COVID-19 patient population who
might benefit from thrombolytic therapy, but it can also detect the
patient population with a higher risk of developing bleeding com-
plications under thrombolytic therapy. Symptomatic intracerebral
hemorrhage usually occurs within 24-36 h after thrombolytic in-
fusion and remains one of the most feared complications of
thrombolytic therapy. Campello et al. [54] demonstrated that a
baseline FIBTEM MCF of < 13.5 mm is an important biomarker
that can be easily obtained to predict which patients have a higher
risk of developing hemorrhagic events after r-tPA therapy (sensi-
tivity: 94% and specificity: 80%). Furthermore, bleeders showed
higher EXTEM ML after r-tPA infusion and borderline hyperfi-
brinolysis (median [Q1, Q3], 14% [10%, 18%] versus 6% [5%,
8.5%]; P = 0.007). Accordingly, thrombolytic therapy might be
harmful in patients with advanced stages of COVID-19, where
the hemostatic status changed from hyper- to hypocoagulability
and from hypo- to hyperfibrinolysis in case of disseminated intra-
vascular coagulation (DIC) [55]. An ongoing phase IIa random-
ized controlled trial is aimed at evaluating the efficacy and safety
of different doses of Alteplase (50-100 mg IV) for respiratory fail-
ure in patients with COVID-19 (STARS trial) [56]. In this trial,
heparin infusion was administered following thrombolytic thera-
py for therapeutic anticoagulation.

Inhalation therapy with thrombolytic agents in
severe COVID-19 patients

Furthermore, nebulizer r-tPA may provide a targeted approach

in COVID-19 patients to degrade fibrin and improve oxygenation
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with limited bleeding risk in critically ill patients [57]. The admin-
istration of thrombolytic drugs by inhalation might improve alve-
olar ventilation by resolving fibrin-containing exudates in the pul-
monary alveolar space and dissolving fibrin thrombi at the micro-
circulatory level near the alveoli. Inhalation therapy with tPA is
reported to be effective for various cases of acute respiratory dis-
tress syndrome (ARDS) or plastic bronchitis. Actually, a phase II
clinical trial of r-tPA inhalation is currently underway (PLATy-
PuS; Alteplase, NCT02315898). Other studies reported promising
results of plasminogen inhalation in COVID-19 patients [58]. If
r-tPA is not available, nebulization of streptokinase can be used as
an alternative method. Abdelaal Ahmed Mahmoud et al. [59] per-
formed a randomized controlled trial comparing nebulized strep-
tokinase with nebulized heparin and the standard of care in pa-
tients with severe ARDS; (PaO,/FiO, < 100 mmHg) nonrespon-
sive to recruitment maneuvers and prone positioning. Streptoki-
nase (250,000 IU/4 h by nebulizer, with a total daily dose of
1,500,000 IU) or heparin (dose of 10,000 IU/4 h by nebulizer, with
a total daily dose of 60,000 IU UFH) prepared in 3 ml volume of
distilled water and nebulized for a period of 15 min every 4 h was
administered. Nebulized streptokinase resulted in an improve-
ment in oxygenation (increased PaO,/FiO,), decreased PaCO, (P
< 0.001), improved lung compliance, reduced plateau pressure,
and decreased ICU mortality compared with nebulized heparin
and standard of care therapy [59].

COVID-19, heparin resistance, and
anticoagulation monitoring with rotational
thromboelastometry

Heparin resistance can be defined as a decrease in the heparin
dose-response curve. It can also be defined as the need for more
than 35,000 IU UFH per 24 h to prolong the aPTT or activated
clotting time to its therapeutic range [60,61]. An antithrombin ac-
tivity of less than 60%, age above 65 years, increased factor VIII
and fibrinogen levels, and platelet level of > 300,000/ul were the
predictors of heparin resistance [62]. Although antithrombin ac-
tivity rarely drops below 60% in COVID-19 patients, increased
age, factor VIII and fibrinogen levels, and high platelet counts
commonly occur in those with severe COVID-19 [25,27,63,64].

LMWH (e.g., enoxaparin, 20-30 mg subcutaneously (SC) once
a day) is used as a thromboprophylactic treatment in COVID-19
patients with low thrombotic risk and fibrinogen plasma concen-
trations of < 500 mg/dl provided that an anti-Xa activity target of
0.1-0.4. IU/ml is achieved 2-4 h after SC injection. For sub-thera-
peutic or therapeutic anticoagulation in COVID-19 patients with
moderate to high risk of VTE, 0.5 to 1 mg/kg enoxaparin SC twice

https://doi.org/10.4097/kja.21006



per day can be used if the anti-Xa activity targets of 0.4-0.6 IU/ml
and 0.6-1.0 IU/ml are achieved 2-4 hours after SC injection. In
critically ill COVID-19 patients who require vasopressor therapy,
SC injection of LMWH might be inappropriate as the vasopressor
can lead to peripheral vasoconstriction and reduced resorption of
the drug. Here, IV infusion of UFH or LMWH can be used as an
alternative treatment. However, the effect might be limited by
heparin resistance; the anti-Xa activity targets for sub-therapeutic
(200 TU/kg/24 h) and therapeutic anticoagulation (400 1U/kg/
24 h) with UFH are 0.15-0.30 IU/ml and 0.3-0.7 IU/ml, respec-
tively.

To monitor the effect of heparin anticoagulation or to diagnose
heparin resistance with rotational thromboelastometry, it is im-
portant to consider that INTEM is not highly sensitive to the ef-
fect of LMWH. The INTEM/HEPTEM CT-ratio correlates well
with anti-Xa activity for UFH (r = 0.72 compared to 0.36 for
aPTT) [65]. The native rotational thromboelastometry test (NA-
TEM) is more sensitive to LMWH, and the NATEM/NAHEP-
TEM CT-ratio (NAHEPTEM = native test with heparinase) cor-
relates well with the anti-Xa activity calibrated for LMWH [un-
published data].

The direct factor Xa inhibitor apixaban can be used thrombo-
prophylaxis or alternative anticoagulation in patients with
COVID-19 who developed heparin resistance and in whom oral
administration is preferred [66-69]. Notably, the plasma concen-
trations of direct oral anticoagulant (DOAC) can increase sub-
stantially if DOACs are used in combination with antiviral drugs
in COVID-19 patients [70]. Therefore, these combinations should
be avoided or DOAC concentrations should be monitored. To
monitor the effect of apixaban with rotational thromboelastome-
try, modified assays with lower tissue factor concentrations are
needed [71,72].

In critically ill patients with high VTE risk and fibrinogen plas-
ma concentrations of > 500 mg/dl, the off-label use of argatroban
can be implemented as an alternative anticoagulation particularly
in patients with heparin resistance [60]. Argatroban is a direct
thrombin inhibitor approved for thromboprophylaxis or treat-
ment of thrombosis in patients with heparin-induced thrombocy-
topenia. The argatroban plasma concentrations needed for thera-
peutic anticoagulation range from 0.2 IU/ml to 0.5 IU/ml of an-
ti-ITa activity. Here, EXTEM CT correlated better with argatroban
plasma concentrations than aPTT (r = 0.71; P < 0.001 and r =
0.214; P = 0.117, respectively) [73,74]. Furthermore, the impor-
tance of VET in patients treated with direct thrombin inhibitors
was highlighted by Ranucci et al. [75] and Maier et al. [76]. They
pointed out that fibrinogen plasma concentration assessed using

the Clauss method is not reliable if direct thrombin inhibitors
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have been used and results in falsely low values. Therefore, they
recommend using FIBTEM and TEG® functional fibrinogen
measurements to assess the fibrinogen plasma concentration in
these patients and to determine the appropriate argatroban or bi-
valirudin dosage [75,76].

Bleeding in patients with COVID-19

In hospitalized COVID-19 patients receiving standard-dose
thromboprophylaxis, Al-Samkari et al. [77] reported an overall
and major bleeding rate of 4.8% (95% CI, 2.9, 7.3) and 2.3% (95%
CI, 1.0, 4.2), respectively. Similar results were reported by Jiménez
et al. [78]. In this systematic review, the pooled incidence of VTE
was 17.0% (95% CI, 13.4, 20.9), 12.1% (95% CI, 8.4, 16.4) for deep
vein thrombosis, 7.1% (95% CI, 5.3, 9.1) for pulmonary embo-
lism, 7.8% (95% CI, 2.6, 15.3) for bleeding, and 3.9% (95% CI, 1.2,
7.9) for major bleeding. The highest estimated pooled incidence
of bleeding was reported in patients receiving intermediate-dose
or full-dose anticoagulation (21.4%).

Patients with COVID-19 have an increased risk of developing
thrombosis, and mortality can be reduced in hospitalized patients
by providing thromboprophylaxis [48,68,79,80]. On the contrary,
patients receiving therapeutic anticoagulation have an increased
incidence of major bleeding (11% versus 4%; P = 0.04) and sig-
nificantly higher mortality (41.6% versus 15.3%; P < 0.001) com-
pared with those receiving pharmacological thromboprophylaxis
[81]. After conducting a multivariate logistic regression analysis,
therapeutic anticoagulation was still associated with increased
mortality, with an odds ratio of 6.16 (95% CI, 2.96, 12.83; P <
0.001). Major bleeding and central nervous system bleeding were
associated with increased mortality (40% versus 21.5%; P = 0.054
and 100% versus 21.9%; P = 0.001, respectively), while gastroin-
testinal bleeding was not associated with increased mortality
(16.7% versus 22.7%; P = 1.000). Dogra et al. [82] reported 33
COVID-19-positive patients with intracerebral hemorrhage
(ICH). Almost all patients with ICH received either therapeutic
anticoagulation (66.7%) or a prophylactic dose (9.1%) prior to
ICH discovery. Accordingly, the risk of ICH should be considered
when developing an anticoagulation regimen for patients with
COVID-19. Usman et al. [83] reported a case series of COVID-19
patients treated with veno-venous extracorporeal membrane oxy-
genation (ECMO). Four of ten patients had hemorrhagic stroke,
three of whom died. Schmidt et al. [84] confirmed a major bleed-
ing incidence of 42%, a hemorrhagic stroke incidence of 5%, and
a mortality rate of 36% in COVID-19 patients treated with
ECMO. Accordingly, close monitoring of all hematologic parame-

ters, including VET and personalized antithrombotic therapy, is
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recommended in patients with severe COVID-19, particularly
during ECMO support [29]. The degree of anticoagulation can be
assessed based on the anti-Xa activity or INTEM/HEPTEM CT-ra-
tio for UFH, anti-Xa activity or NATEM/NAHEPTEM CT-ratio for
LMWH, and anti-Ila activity, EXTEM CT, or ECATEM/ECA-test
CT for IV direct thrombin inhibitors such as argatroban and bivali-
rudin [65,73,74,85-90].

Furthermore, the hemostatic phenotype of COVID-19 patients
may change from hyper- to hypocoagulability and from hypo-to
hyperfibrinolysis during advanced stages of COVID-19 in case of
DIC [21,55]. The combination of rotational thromboelastometry
and SCT enables the monitoring of these dynamic changes in

COVID-19-associated coagulopathy and its corresponding thera-
py-

Conclusion

A multimodal diagnostic approach that includes SCT, such as
fibrinogen plasma concentration and D-dimers, as well as rota-
tional thromboelastometry, is required for the detection, monitor-
ing, and management of COVID-19-associated coagulopathy. Fi-
brinogen plasma concentrations, D-dimer levels, and FIBTEM
clot firmness play an important role in the risk stratification, pre-
diction of the level of care needed during hospitalization, and de-
termination of outcomes in hospitalized COVID-19 patients.
SCTs such as aPTT and PT/INR may fail to detect hypercoagula-
bility. In contrast, the combination of increased D-dimer levels
and the hypofibrinolysis/fibrinolysis shutdown detected by rota-
tional thromboelastometry is actually the best predictor for
thromboembolic complications in COVID-19 patients. Rotational
thromboelastometry should be utilized to guide personalized
management and monitor individual responses to treatment.
Therefore, there is an urgent need to develop rotational throm-
boelastometry-guided protocols and algorithms for the manage-
ment of COVID-19-associated coagulopathy.
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