
Coronavirus disease (COVID-19)-associated coagulopathy is most often characterized 
by elevated D-dimer, interleukin-6 (IL-6), and plasma fibrinogen concentrations as well 
as hypercoagulability in thromboelastometry with increased clot firmness in the EXTEM, 
INTEM, and FIBTEM assays [1]. Clinically, it manifests with a very high incidence of 
thrombosis, particularly in the pulmonary system, whereas bleeding complications are 
infrequent [2]. In contrast, sepsis-associated coagulopathy due to bacterial infection is 
characterized by hypocoagulability in thromboelastometry which has been shown to be a 
good predictor of increased mortality [3]. Here, we describe two critically ill patients with 
COVID-19 admitted to our intensive care unit (ICU) at Brighton and Sussex University 
Hospitals NHS Trust presenting with different thromboelastometry phenotypes, clinical 
courses, and outcomes. 
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Case Report

Background: Coronavirus disease (COVID-19)-associated coagulopathy is most often 
characterized by elevated D-dimer, interleukin-6, and plasma fibrinogen concentrations as 
well as hypercoagulability in thromboelastometry with increased clot firmness in the EX-
TEM, INTEM, and FIBTEM assays. Clinically, it manifests with a very high incidence of 
thrombosis, particularly in the pulmonary system, whereas bleeding complications are in-
frequent. 
Case: Here, we describe two critically ill patients with COVID-19 admitted to our inten-
sive care unit demonstrating different thromboelastometry and biomarker patterns. One 
patient presented with hypercoagulability and the other patient with hypocoagulability 
and fibrinolysis shutdown in thromboelastometry. The pathophysiology and the potential 
impact on treatment options are discussed. 
Conclusions: A combination of biomarkers and thromboelastometry results can be help-
ful in the future to decide which therapeutic strategy might be most appropriate for criti-
cally ill patients with COVID-19. This would be an important step to establish precision 
medicine in this high-risk patient population. 
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from each patient.  

Case 1

A 48-year-old South Asian woman (Patient A) from Bangla-
desh (height 168 cm, weight 80 kg) was admitted to the medical 
ward for three days after which she was transferred to the ICU; 
she had cough and increasing dyspnea for three days before hos-
pital admission. Comorbidities included hypertension, hypercho-
lesterinemia, coronary artery disease, previous stroke (fully recov-
ered), and type 2 diabetes. On admission, her laboratory results 
were as follows: hemoglobin (Hb): 143 g/L, white blood cells 
(WBC): 9.0 ×  109/L, lymphocytes: 1.4 ×  109/L, platelets: 261 ×  
109/L, international normalized ratio (INR): 1.1, D-dimer: 510 μg/
L, fibrinogen plasma concentration: 8.4 g/L, and C-reactive pro-
tein (CRP): 52 mg/L. Her chest radiograph showed cardiomegaly 
and extensive bilateral peripherally predominant ground-glass 
opacities. Polymerase chain reaction (PCR) result was positive for 
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 
and negative for influence/respiratory syncytial virus (RSV). 
Blood cultures were negative. The patient was treated with nasal 
oxygen therapy and antibiotics (ceftriaxone and doxycycline, ac-
cording the hospital’s COVID-19 protocol). Antiviral therapy and 
dexamethasone were not administered. Later, CRP increased to 
137 mg/L on the second day of hospitalization. The patient was 
transferred to the ICU on the third day because of increased re-
spiratory rate and oxygen requirement. ROTEM performed 2 
hours after ICU admission (Fig. 1A) revealed that Patient A was 
hypercoagulable with the EXTEM assay showing an increased clot 
firmness with an amplitude of clot firmness 5 minutes after coag-
ulation time (CT) (A5) of 65 mm and a maximum clot firmness 
(MCF) of 78 mm, indicating hypercoagulability with a high risk 
of thrombosis [4]. FIBTEM also showed increased clot firmness 
(A5 41 mm and MCF 50 mm), indicating increased fibrinogen 
concentration and fibrin polymerization. Furthermore, the EX-
TEM lysis index 60 minutes after CT (LI60) was 97%, i.e., in the 
physiologic range (82–97.9%), whereas FIBTEM LI60 was 100% 
[5]. Treatment consisted of continuation of antibiotics, enoxapa-
rin 40 mg twice a day in view of ROTEM results, and high flow 
nasal oxygen and intermittent face mask continuous positive air-
way pressure (CPAP) therapies. The patient did not need inter-
mittent positive pressure ventilation (IPPV) or any vasoactive 
support. Laboratory results on the second day in the ICU were as 
follows: Hb: 131 g/L, WBC: 10.8 ×  109/L, platelet count: 307 ×  
109/L, INR: 1.1, activated partial thromboplastin time (APTT) ra-
tio: 1.3, D-dimer: 510 μg/L, and CRP: 196 mg/L. The patient re-
covered well and was transferred from the ICU to the medical 

ward after two days in the ICU with a CRP of 73 mg/L and was 
discharged three days later with a prescription of her usual medi-
cation plus enoxaparin 40 mg once daily for 2 weeks. The patient 
did not show any clinical signs of thrombosis during her hospital 
stay. 

Case 2 

A 68-year-old Caucasian man (Patient B) from the United 
Kingdom (height 177 cm, weight 85 kg) was admitted with cough 
and a week-long increasing dyspnea, before which he was healthy. 
His wife and daughter probably had COVID-19 with resolving 
symptoms, and they were all living in the same house. The patient 
markedly experienced shortness of breath on the day of admission 
to the emergency department (ED) and, therefore, called an am-
bulance. His laboratory results on admission were as follows: Hb: 
140 g/L, creatinine: 117 μmol/L, WBC: 8.6 ×  109/L, lymphocytes: 
0.2 ×  109/L, platelet count: 126 ×  109/L, INR: 1.4, APTT ratio: 1.3, 
D-dimer >  20,000 μg/L (i.e., higher than the upper limit of the 
measurement range), fibrinogen plasma concentration: 6.8 g/L, 
and CRP: 336 mg/L. His chest radiograph showed dense bilateral 
mid-zone and right lower zone consolidation. PCR result was 
positive for SARS-CoV-2 and negative for influenza/RSV. Blood 
cultures showed coagulase-negative staphylococci. The patient 
was treated with antibiotics (ceftriaxone and doxycycline, accord-
ing the hospital’s COVID-19 protocol). Antiviral therapy and 
dexamethasone were not administered. As the patient was severe-
ly hypoxemic in the ED, he was transferred directly to the ICU. 
Orotracheal intubation and IPPV (positive end-expiratory pres-
sure 15 mmHg) were performed about 3 hours after ICU admis-
sion as respiratory effort was not improved by face mask CPAP 
therapy. Chest radiography repeated after intubation showed bi-
lateral interstitial lung changes similar to the imaging conducted 
earlier on the same day. Prone position did not improve oxygen-
ation. Laboratory results on the next day were as follows:  

Hb: 133 g/L, creatinine: 265 μmol/L, WBC: 16.3 ×  109/L, plate-
let count: 56 ×  109/L, INR: 1.6, APTT ratio: 1.5, D-dimer: 4,340 
μg/L, fibrinogen plasma concentration: 2.9 g/L, and CRP: 478 mg/
L. By ROTEM, Patient B presented with hypocoagulability in the 
EXTEM assay with a prolonged CT of 99 s, clot formation time 
(CFT) of 253 s, and decreased clot firmness amplitudes (A5, 22 
mm and MCF, 48 mm) (Fig. 1B). Furthermore, EXTEM and 
FIBTEM analyses demonstrated a complete fibrinolysis shutdown 
[5]. Both hypocoagulability and fibrinolysis shutdown have been 
shown to be associated with increased mortality in bacterial sepsis 
[3,6]. The FIBTEM trace was within normal limits which may be 
owing to impaired fibrin polymerization, given that fibrinogen 

351https://doi.org/10.4097/kja.20327

Korean J Anesthesiol 2021;74(4):350-354



mm

60

40

20

20

40

60

mm

60

40

20

20

40

60

mm

60

40

20

20

40

60

mm

60
40
20

20
40
60

10

10 10

1020

20 20

2030

30 30

3040

40 40

4050

50 50

50min

min min

min

EXTEM
Variables Patient’s value Reference ranges

CT (s) 83 38–79

CFT (s) 50 34–159

Alpha (°) 80 63–83

A5 (mm) 65 34–55

A10 (mm) 73 43–65

MCF (mm) 78 50–72

LI60 (%) 97 82–97.9*

ML (%) 7 –

EXTEM
Variables Patient’s value Reference ranges

CT (s) 99 38–79

CFT (s) 253 34–159

Alpha (°) 60 63–83

A5 (mm) 22 34–55

A10 (mm) 32 43–65

MCF (mm) 48 50–72

LI60 (%) 100 82–97.9

ML (%) 2 –

FIBTEM
Variables Patient’s value Reference ranges

CT (s) 81 38–79

CFT (s) 54 –

Alpha (°) 79 –

A5 (mm) 41 4–17

A10 (mm) 45 7–23

MCF (mm) 50 9–25

LI60 (%) 99 –

ML (%) 3 –

FIBTEM
Variables Patient’s value Reference ranges

CT (s) 106 38–79

CFT (s) – –

Alpha (°) – –

A5 (mm) 10 4–17

A10 (mm) 12 7–23

MCF (mm) 14 9–25

LI60 (%) 100 –

ML (%) 0 –

A

B
Fig. 1. ROTEM graphs and results of Patient A and Patient B. (A) Critically ill Patient A with COVID-19, with a hypercoagulable phenotype. (B) 
Critically ill Patient B with COVID-19 with a hypocoagulable phenotype. EXTEM: extrinsically activated (tissue factor) thromboelastometric 
assay, FIBTEM: extrinsically activated thromboelastometric assay with the addition of cytochalasin to eliminate platelet contribution to clot 
firmness, CT: coagulation time, CFT: clot formation time, alpha: alpha angle, A5: amplitude of clot firmness 5 minutes after CT, A10: amplitude of 
clot firmness 10 minutes after CT, MCF: maximum clot firmness, LI60: lysis index in percentage of maximum clot firmness 60 minutes after CT, 
ML: maximum lysis during run time, *Reference range for physiological fibrinolysis in EXTEM as published by Stettler et al. [5].
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concentration was elevated. The patient deteriorated within a few 
hours of ICU admission and died the following day despite inva-
sive ventilation, norepinephrine for hypotension, and renal re-
placement therapy for acute kidney failure. Patient B did not show 
any clinical signs of thrombosis during his hospital stay. 

Discussion 

We have presented two cases that illustrate the additional value 
of using thromboelastometry to monitor patients with COVID-19. 
Increased clot firmness in EXTEM and INTEM (amplitude of clot 
firmness 10 minutes after CT (A10) >  61.5 mm or MCF >  68 
mm) assays has been shown to be associated with an increased 
incidence of thrombosis in adults and neonates undergoing cardi-
ac and non-cardiac surgery [4]. Furthermore, increased clot firm-
ness in the FIBTEM assay (MCF >  25 mm) has been shown to be 
associated with an increased incidence of thrombosis in patients 
with cirrhosis and hepatocellular carcinoma as well as in patients 
with thrombophilic predisposition after liver transplantation [7,8]. 
Thromboelastometry in Patient A showed hypercoagulability de-
spite upper normal ranged D-dimer levels and a normal INR. Pa-
tients with D-dimer >  3,000 µg/L and/or sepsis-induced coagu-
lopathy score ≥  4 seem to benefit from increased anticoagulation 
[9]. However, in critically ill patients with COVID-19, the inci-
dence of thrombosis and pulmonary embolism is high despite 
pharmacological thromboprophylaxis [2]. 

The case of Patient B demonstrated that not all critically ill pa-
tients with COVID-19 present the same thromboelastometric 
pattern. This might be attributed to ethnic and genetic difference, 
such as gene polymorphisms, bacterial superinfection, or the 
phase of the disease. Both hypocoagulability and fibrinolysis 
shutdown, as presented by Patient B, have been shown to be as-
sociated with increased mortality in cases involving bacterial 
sepsis [3,6]. Furthermore, lymphocytopenia has been shown to 
be associated with poor outcomes in COVID-19 [10]. Although 
thrombocytopenia, which is an important determinant of clot 
firmness, is rare in COVID-19, it is associated with poor out-
comes in the patient population [7,11]. Furthermore, the mis-
match between FIBTEM MCF (14 mm) and Clauss fibrinogen 
plasma concentration (6.8 g/L) in Patient B might reflect an ac-
quired factor XIII deficiency, which often occurs in sepsis, cir-
rhosis, acute renal failure, and malignancies [12]. Unfortunately, 
factor XIII activity is not available for Patient B, which leaves this 
interpretation speculative. The rapid deterioration of Patient B 
with acute renal failure and a fatal outcome is in-line with the 
data published by Wright et al [13]. showing that patients with 
the combination of high D-dimer ( >  2,600 µg/L, here >  20,000 

µg/L) and fibrinolysis shutdown (lysis 30 minutes after maxi-
mum amplitude in thrombelastography (TEG LY30) of 0% or 
ROTEM LI60 of 100%) are associated with the highest incidence 
of thrombosis (50%) and acute renal failure (80%). Here, in-
creased D-dimers and fibrinolysis shutdown may reflect an im-
balance in hemostasis with increased clot formation but impaired 
fibrinolysis – similar to disseminated intravascular coagulation. 
It remains to be determined whether fibrinolytic therapy with re-
combinant tissue plasminogen activator (rtPA) has a therapeutic 
role in critically ill patients with COVID-19 who cannot be oxy-
genated adequately despite mechanical ventilation and prone po-
sitioning. Notably, extracorporeal membrane oxygenation is as-
sociated with very high mortality in patients with COVID-19, 
particularly in patients with hyperinflammation characterized by 
high IL-6 levels. Although this might support the use of fibrino-
lytic therapy with rtPA in these patients, Campello et al. [14] 
demonstrated that a FIBTEM MCF <  14.5 mm is highly predic-
tive of bleeding complications (such as hemorrhagic stroke) after 
rtPA. Therefore, hypocoagulability in thromboelastometry, par-
ticularly a FIBTEM MCF <  14.5 mm should be considered a 
contraindication for fibrinolytic therapy in critically ill patients 
with COVID-19.  

Nevertheless, this case report has several limitations. First, no 
follow-up ROTEM analyses are available for these patients. Ac-
cordingly, the presented ROTEM analyses only represent a snap-
shot of the COVID-19-associated coagulopathy that can be con-
sidered as a dynamic process. Here, different thromboelastometric 
phenotypes may represent different conditions of the patients or 
different phases of the coagulopathy. Second, the cut-off values 
for fibrinolysis shutdown established in trauma and bacterial sep-
sis cases have been used as clear cut-off values for fibrinolysis 
shutdown in COVID-19-associated coagulopathy have not been 
established yet. Further studies are needed to characterize 
COVID-19-associated coagulopathy and its differences from 
trauma- and sepsis-induced coagulopathy. 

These two cases demonstrate that the thromboelastometric 
phenotype can be different and thromboelastometry can easily 
distinguish between hyper- and hypocoagulability in critically ill 
patients with COVID-19. Furthermore, thromboelastometry can 
identify patients with fibrinolysis shutdown [5,6]. The combina-
tion of thromboelastometry parameters (EXTEM and FIBTEM 
CT, CFT, A5, A10, MCF and LI60) and conventional biomarkers 
(D-dimer, Clauss fibrinogen, and IL-6) might be superior in pre-
dicting clinical outcomes such as thrombosis, renal failure and 
death in patients with COVID-19 than each diagnostic test alone. 
Therefore, these test combinations can be helpful in the future to 
decide which therapeutic strategy might be the most appropriate 
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one in critically ill patients with COVID-19. This would be an im-
portant step to establish precision medicine not only in throm-
boelastometry-guided bleeding management but also in this high-
risk patient population [15]. 
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