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Background: Patients with coronavirus disease 2019 (COVID-19) occasionally develop respiratory fail-

ure and coagulopathy. We aimed to determine whether coagulation abnormalities at admission and

during the course of hospitalization can predict the liberation from respiratory support in critically ill

patients with COVID-19 by combining the results of rotational thromboelastometry (ROTEM) with stan-

dard laboratory tests.

Methods: This single-center, retrospective, observational study included 31 consecutive adult patients

with COVID-19 who were admitted to the intensive care unit (ICU) and who required respiratory sup-

port between April 2021 and August 2021. We divided the patients into two groups according to the

liberation from respiratory support and analyzed the differences between the groups.

Results: There were 20 patients in the liberation group and 11 in the non-liberation group. There were

no significant differences in the overt disseminated intravascular coagulation scores or abnormal counts

in the ROTEM parameters at admission between groups, although there was a significant difference in

the highest score in the ICU. The Sequential Organ Failure Assessment and sepsis-induced coagulopa-

thy scores were significantly different between both groups at admission and at the time when the

highest values were reported during the ICU stay.

Conclusions: High sepsis-induced coagulopathy scores at admission to the ICU were found to be useful

predictors of difficulties in the liberation from respiratory support in patients with severe COVID-19.

However, increased overt disseminated intravascular coagulation scores and abnormal counts in the

ROTEM parameters during the ICU stay were associated with difficulties in the liberation from respira-

tory support. (J Nippon Med Sch 2022; 89: 479―486)
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Introduction

The coronavirus disease 2019 (COVID-19) has resulted in

a pandemic on a global scale. Approximately 5%-10% of

patients develop severe COVID-19 and require intensive

care1. Many critically ill patients develop respiratory fail-

ure while some patients progress to multiple organ fail-

ure2. Patients with COVID-19 are more likely to experi-

ence coagulopathy and have an increased risk of throm-

bosis than healthy individuals3,4. Elevated D-dimer levels

and prolonged prothrombin time (PT) have been re-

ported in the mortality group5. Up to 55% of patients

with COVID-19 have been shown to exhibit platelet re-

duction due to coagulopathy, which was also correlated

with severity and mortality6. Therefore, the International

Society of Thrombosis and Haemostasis (ISTH) recom-

mends measuring the D-dimer level, PT, and platelet

count of patients with COVID-192. The sepsis-induced co-

agulopathy (SIC) and overt disseminated intravascular
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coagulation (DIC) scores are clinical scores that comprise

these values7,8. Increased SIC and overt DIC scores have

been shown to be correlated with increased mortality in

patients with COVID-199.

In addition to standard laboratory tests (SLTs), point-

of-care testing (POCT), such as rotational thromboelas-

tometry (ROTEMⓇ; TEM International FZC, Munich, Ger-

many), and thromboelastography (TEG; Haemonetics

Corp., Braintree, MA, USA), involve tests for blood co-

agulation10. PT and activated partial thromboplastin time

(APTT), which are part of SLTs, can be measured even

when thrombin production is only 4% of the required

limit11. Hence, these measures may not always reflect the

coagulation ability of the body accurately because they

do not reflect the effect of platelets by separating the

plasma12. Therefore, POCT using whole blood may help

detect coagulopathy that is not detected by SLT13. Some

investigators have used POCT (e.g., ROTEM and TEG)

for patients with COVID-19 and have reported that fi-

brinogen increases thrombus hardness14; however, no

studies have performed frequent measurements on pa-

tients with severe COVID-19 whose conditions change

rapidly every day.

Patients with COVID-19 sometimes develop respiratory

failure and require respiratory support. Patients with se-

vere COVID-19 cannot be liberated from respiratory sup-

port. Furthermore, respiratory support liberation may be

associated with coagulopathy. This study combined the

results of the ROTEM delta, a POCT method, using

whole blood, with conventional SLTs and examined the

indicators of coagulopathy at admission and during the

treatment course in patients with severe COVID-19.

To the best of our knowledge, this study was the first

to focus on coagulopathy and liberation from respiratory

support in patients with severe COVID-19 and report on

frequent ROTEM measurements.

Materials and Methods

Patients and Treatment

This single-center, retrospective, observational study

was conducted at the Saga University Hospital (Saga

City, Japan), designated by the Saga Prefecture to treat

patients with COVID-19 who require respiratory support.

This study was approved by the Ethics Committee of the

Saga University Hospital (Approval no. 2021-04-R-08)

and conforms to the provisions of the Declaration of Hel-

sinki, as revised in Fortaleza, Brazil, October 2013. The

need for informed consent was waived because of the

retrospective nature of the study. We enrolled 31 consecu-

tive adult patients with COVID-19 with severe respira-

tory failure who were admitted to the intensive care unit

(ICU) and required respiratory support between April

and August 2021, retrospectively. The severity and treat-

ment were determined using the guidelines of the “Clini-

cal Management of Patients with COVID-19 version 4.2,”

published by the Ministry of Health, Labour and Wel-

fare15. Patients were administered anticoagulant therapy

(unfractionated heparin) according to the anticoagulant

therapy algorithm proposed by Sato et al.16

Data Collection and Definitions

Patient information, including age, sex, and medical

history (e.g., hypertension, diabetes, cardiovascular dis-

ease, and respiratory disease), was extracted from the

electronic medical records. The drugs used during the

period from disease onset to ICU admission, were re-

corded as treatment information. The indicators of coagu-

lation (i.e., platelet count, PT, APTT, fibrinogen, and D-

dimer levels) and the indicators of inflammation (white

blood cell count, lymphocytes, C-reactive protein, and

ferritin) were extracted continuously from admission to

discharge. The ROTEMⓇ delta analyzed EXTEM, INTEM,

and FIBTEM for all the patients on admission day, the

day after admission, and every other day thereafter. The

clotting time (CT), clot formation time (CFT), and maxi-

mum clot firmness (MCF) were extracted from each

measurement. Overt DIC and SIC scores were calculated

using the ISTH scoring system (Ding et al. and Taylor et

al.)7,8 and the Sequential Organ Failure Assessment

(SOFA) scores were calculated every day from admission

to discharge using the European Society of Intensive

Care Medicine scoring system17. At admission, the Acute

Physiologic Assessment and Chronic Health Evaluation II

(APACHE II) score was calculated according to the rec-

ommendations of Knaus et al.18 Patients were divided

into two groups: the liberation group (i.e., patients who

could be liberated from respiratory support, including a

high-flow nasal cannula (HFNC), at discharge) and the

non-liberation group.

Statistical Analysis

All the statistical analyses were conducted using JMP

Pro version 14 (SAS Inc., Cary, NC, USA). The categorical

variables were compared using the Fisher’s exact test.

The mean and median differences in the continuous vari-

ables between both groups were evaluated using the in-

dependent Student’s t-test and Wilcoxon rank sum test,

respectively. The normality of the distribution of the con-

tinuous variables was assessed using the Shapiro-Wilk

test. The normally distributed data were expressed as
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Table　1　Characteristics of the patients in the liberation and non-liberation respiratory support groups

Liberation group 
(n = 20)

Non-liberation group 
(n = 11)

p value

Age (years) 50.5 [47.25–58.75] 71 [63–74] p < 0.0001 *

Male 17 (85.0%) 6 (54.6%) p = 0.0947 †

Onset to ICU admission (days) 9 [6.25–11.5] 8 [5–10] p = 0.3841 *

Underlying conditions

Hypertension 9 (45.0%) 3 (27.3%) p = 0.4516 †

Diabetes 4 (20.0%) 3 (27.3%) p = 0.6757 †

Respiratory disease 1 (5.0%) 2 (18.2%) p = 0.2814 †

Heart disease 0 (0%) 1 (9.1%) p = 0.3548 †

Intervention

Methylprednisolone 20 (100%) 11 (100%)

Tocilizumab 20 (100%) 8 (72.7%) p = 0.0367 †

Remdesivir 20 (100%) 11 (100%)

Mechanical ventilation 6 (30.0%) 11 (100%) p = 0.0002 †

Anticoagulant drug 20 (100%) 11 (100%)

Average dose of Unfractionated heparin (units/day) 12,000 [11,100–14,400] 9,600 [9,600–16,800] p = 0.5023 *

Length of ICU stay (days) 8 [6–11.75] 18.5 [14.75–21.5] p = 0.0031 *

Complication of pulmonary embolism

Massive or Submassive 0 (0%) 0 (0%)

Non-massive 2 (10.0%) 1 (9.1%) p = 1.0000 †

At ICU admission

White Blood Cell (/μL) 6,060 [4,375–7,775] 8,700 [4,600–10,200] p = 0.1664 *

Lymphocyte (μL) 706 [478.25–1,006.25] 397 [222–1,367] p = 0.4089 *

Platelet (103/μL) 219 [169.75–268.5] 145 [120–163] p = 0.0007 *

PT. INR 1.09 [1.0125–1.155] 1.08 [1.05–1.47] p = 0.3524 *

APTT (seconds) 34.1 [31.85–37.925] 37 [32.5–41.5] p = 0.3117 *

Fibrinogen (mg/dL) 554.05 [454.625–726.75] 564.2 [370.7–625] p = 0.3020 *

D-dimer (μg/mL) 1.15 [0.9775–1.555] 1.59 [1.15–2.4] p = 0.0692 *

Ferritin (ng/dL) 1,346 [845.5–2,074] 1,963 [767.5–4,617.5] p = 0.5468 *

CRP (mg/dL) 6.32 [2.5775–13.4675] 6.52 [2.31–10.17] p = 0.6497 *

PaO2/FiO2 ratio 169.5 [141.25–199] 135.5 [62.25–215] p = 0.3219 *

APACHE II score 9 [6.25–13.75] 24 [17–26] p = 0.0017 *

GCS 15 [15–15] 3 [3–3] p = 0.0098 *

ICU, intensive care unit; PT/INR, prothrombin time/international ratio; APTT, activated partial thromboplastin time; CRP, C-

reactive protein; and APACHE II, Acute Physiologic Assessment and Chronic Health Evaluation II

* Based on Wilcoxon rank test results. † Based on Fisher’s exact test results.

means (standard deviations), and the non-normally dis-

tributed data were expressed as medians. A p-value <

0.05 was considered to be statistically significant.

Results

All 31 patients who were admitted during the study pe-

riod, were included in the analysis. There were 20 pa-

tients in the liberation group, and 11 in the non-liberation

group. Patients in the non-liberation group were signifi-

cantly older than those in the liberation group (50.5

[47.25-58.75] years vs. 71 [63-74] years; p < 0.0001), al-

though the sex distribution and comorbidities were not

significantly different between both groups. Regarding

treatment, the non-liberation group were given a lower

proportion of tocilizumab (100% vs. 72.7%; p = 0.0367),

had a higher need of mechanical ventilation (30% vs.

100%; p = 0.0002), and had a longer median ICU stay (8

[6-11.75] days vs. 18.5 [14.75-21.5] days; p = 0.0031) than

the liberation group. The average daily dose was not sig-

nificantly different between both groups (12,000 [11,100-

14,400 units/day] vs. 9,600 [9,600-16,800 units/day]; p =

0.5023). None of the patients had a complicated, massive,

or submassive pulmonary embolism. Although some pa-

tients had a complicated, non-massive pulmonary embo-

lism, there were no significant differences between both

groups. Regarding SLT results and clinical scores, the

non-liberation group had significantly lower median

platelet counts (219 [169.75-268.5] vs. 145 [120-163]; p =

0.0007) and higher median APACHE II scores (9 [6.25-

13.75] vs. 24 [17-26]; p = 0.0017) (Table 1) than the libera-
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Table　2　Results of rotational thromboelastometry performed at admission

Liberation group 
(n = 20)

Non-liberation group 
(n = 11)

p value

EXTEM

CT 77.5 (67.75–91.25) 91 (67–94) p = 0.4204 *

CFT 67.5 (59–80.75) 84 (71–124) p = 0.0334 *

MCF 67.5 (65–69.75) 65 (60–68) p = 0.1203 *

INTEM

CT 233 (205–263.5) 240 (204–283) p = 0.8526 *

CFT 67 (58.75–82.75) 84 (73–106) p = 0.1600 *

MCF 65 (61.5–66.75) 60 (55–67) p = 0.1852 *

FIBTEM

CT 73.5 (65.25–75.75) 76 (55–85) p = 0.5615 *

CFT 81.5 (68.25–136.5) 127 (84–218.5) p = 0.2024 *

MCF 32 (27.25–38.75) 28 (24–39) p = 0.2381 *

CT, clotting time; CFT, clot formation time; and MCF, maximum clot firm-

ness

* Based on the Wilcoxon rank test results.

Table　3　Number of patients with abnormal values for each measurement parameter during the 

intensive care unit stay

Lower/Upper limits
Liberation group 

(n = 20)
Non-liberation group 

(n = 11)
p value

EXTEM

CT <38 1 (5%) 0 (0%) p = 1.0000 *

>79 14 (70.0%) 10 (90.9%) p = 0.3717 *

CFT <34 0 (0%) 0 (0%)

>159 1 (5.0%) 6 (54.6%) p = 0.0036 *

MCF <50 0 (0%) 5 (45.5%) p = 0.0027 *

>72 4 (20.0%) 1 (9.1%) p = 0.6310 *

INTEM

CT <100 1 (5.0%) 0 (0%) p = 1.0000 *

>240 17 (85.0%) 11 (100%) p = 0.5350 *

CFT <30 0 (0%) 0 (0%)

>110 8 (40.0%) 9 (81.8%) p = 0.0570 *

MCF <50 4 (20.0%) 5 (45.5%) p = 0.2175 *

>72 0 (0%) 1 (9.1%) p = 0.3548 *

FIBTEM

MCF <9 0 (0%) 2 (18.2%) p = 0.1183 *

>25 18 (90.0%) 7 (63.6%) p = 0.1510 *

CT, clotting time; CFT, clot formation time; and MCF, maximum clot firmness

* Based on Fisher’s exact test result

tion group. As a component of the APACHE II score, the

median Glasgow Coma Scale (GCS) scores were signifi-

cantly lower in the non-liberation group (15 [15-15] in the

liberation group vs. 3 [3-3] in the non-liberation group; p

= 0.0098) (Table 1). The mortality of patients requiring

mechanical ventilation was 47.1%. Fourteen patients were

able to avoid mechanical ventilation; however, required

HFNC. They also had a low PaO2/FiO2 ratio and showed

no significant differences compared with the intubated

patients (180 [142.75-202] in the HFNC patients vs. 140

[70.25-200] in the intubated patients; p = 0.2120).

Table 2 shows the measurement results obtained from

the ROTEM at admission. There were no differences be-

tween both groups in most of the measurement parame-

ters, and only the median EXTEM CFT in the non-

liberation group was extended compared to that in the

liberation group (67.5 [59-80.75] vs. 84 [71-124]; p =

0.0334). Table 3 shows the number of patients with ab-
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Fig.　1　Changes in the initial and highest SOFA, SIC and overt DIC scores, and the counts of the ROTEM 

abnormal values.

SOFA, Sequential Organ Failure Assessment; SIC, sepsis-induced coagulopathy; DIC, dissemi-

nated intravascular coagulation; and ROTEM, rotational thromboelastometry

normal values (i.e., lower or higher than the normal

value limits) for each measurement item during the ICU

stay. The proportion of patients with a prolonged EXTEM

CFT (5.0% vs. 54.6%; p = 0.0036) and decreased EXTEM

MCF (0% vs. 45.5%; p = 0.0027) was significantly higher

in the non-liberation group than in the liberation group.

Supplementary Material 1 (https://doi.org/10.1272/jn

ms.JNMS.2022_89-506) shows the trend of the scores of

the SOFA, overt DIC, and SIC scores, and the median ab-

normal counts on ROTEM parameters for each of both

groups, during the ICU stay. Figure 1 shows the relation-

ship between the median SOFA, overt DIC, and SIC

scores; the median abnormal counts on ROTEM parame-

ters; liberation from respiratory support at admission;

and the median time of the highest score, during ICU

stay. The median overt DIC scores and abnormal counts

of the ROTEM parameters at admission were not signifi-

cantly different (overt DIC score: 0 [0-0] vs. 0 [0-0], p =

0.2434; abnormal counts in ROTEM parameters: 2 [1-2.75]

vs. 2 [1-3], p = 0.8119), although significant differences

existed between both groups when the highest values

were reported in the ICU (median overt DIC score: 0 [0-

1] vs. 2 [0-4], p = 0.0080; abnormal counts in the ROTEM

parameters: 3 [2-4] vs. 4 [3-6], p =0.0066). Although all

the highest scores were reflected, the death date was not.

The SOFA and SIC scores were significantly different be-

tween both groups at admission and when the highest

values were reported during the ICU stay. Supplemen-

tary Material 2 (https://doi.org/10.1272/jnms.JNMS.202

2_89-506) shows the Receiver Operating Characteristic

curves for the prediction of liberation from respiratory

support in the highest scores of SIC, DIC, and the counts

of the abnormal values in the ROTEM. The areas under

the curve were 0.7955 for the SIC score, 0.7705 for the
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overt DIC score, and 0.7909 for the counts of the abnor-

mal values in the ROTEM. Compared with the counts of

the abnormal values in the ROTEM, there were no sig-

nificant differences in both the SIC and overt DIC scores

(p = 0.9578 for the SIC score and p = 0.8019 for the overt

DIC score).

Discussion

In this study, we investigated whether coagulation abnor-

malities at admission and during hospitalization can pre-

dict the liberation from respiratory support in critically ill

patients with COVID-19. When combining the ROTEM

and SLT results, we found that a high SIC score at ICU

admission, an increased overt DIC score, and the counts

of the abnormal values in the ROTEM parameters during

the ICU stay were useful in this regard. The mortality

rate of patients requiring mechanical ventilation was

47.1%, which was nearly the same as the mortality rate

(44.3%) of ICU patients in a previous study by Grasselli

et al.19 Furthermore, no significant bias was observed.

The non-liberation group was significantly older, which

was similar to the findings of a study that investigated

extubation failure in patients with COVID-1920. The sig-

nificant difference in the administration of tocilizumab

may be attributed to the inclusion of patients with severe

COVID-19 symptoms who may have had occasional in-

fections in the non-liberation group. Fourteen (70%) pa-

tients in the liberation group were able to avoid mechani-

cal ventilation. They also had a low PaO2/FiO2 ratio of

180 (142.75-202) at ICU admission and required HFNC as

respiratory support, which was liberated at discharge.

Previous studies have reported that thrombocytopenia

is correlated with severity and mortality6. Therefore, the

significant difference in the platelet count may have been

due to the inclusion of patients with severe COVID-19

symptoms in the non-liberation group. The APACHE II

scores have been correlated with the subsequent risk of

death in ICU patients18 and patients with high scores

tended to require a tracheostomy21. In this study, the me-

dian APACHE II score was significantly higher in the

non-liberation group. However, the proportion of pa-

tients with mechanical ventilation differed between both

groups, resulting in extreme differences in the median

Glasgow Coma Scale (GCS) scores, which were affected

by sedation. The limitations of GCS for critically ill pa-

tients with tracheal intubation and sedation have been

described in a previous report22. The effectiveness of the

APACHE II score may be limited in the prediction of lib-

eration from respiratory support, including a HFNC.

In the ROTEM results at admission, the EXTEM CFT

alone showed a significant prolongation in the non-

liberation group. Since the EXTEM reflects the activation

of coagulation in the extrinsic pathway, and the CFT rep-

resents the speed of fibrin formation, which is influenced

by platelets. It was possible that the EXTEM CFT may

have been especially affected. In the non-liberation

group, the CT and CFT were prolonged, and the MCF

decreased, in all the measurement parameters, although

the differences between the groups were not significant.

The abnormal values for the prolonged EXTEM CFT and

decreased EXTEM MCF during the ICU stay were signifi-

cantly different between both groups. The findings of the

prolonged CFT and decreased MCF in the ROTEM were

similar to those reported in previous studies on coagulo-

pathy in patients with fatal COVID-19 symptoms and

may be useful parameters for estimating prognosis23,24.

Unfractionated heparin is an agent that can affect co-

agulation and fibrinolysis. The dose that was adminis-

tered was lower in the non-liberation group, although

the average daily dose was not significantly different be-

tween both groups. Both groups were significantly differ-

ent with respect to the EXTEM, which was less suscepti-

ble to heparin than the other parameters. Coagulopathy

due to COVID-19 was more prominent in the non-

liberation group than in the liberation group. Therefore,

this finding implied that coagulopathy is a factor that

makes the liberation from respiratory support difficult. In

fact, respiratory support during ICU stay could not be

liberated for patients with four or more abnormalities in

the ROTEM parameters.

The SOFA score, an indicator of organ damage, is a

predictor of successful extubation25. In this study, the

SOFA score was also significantly different between the

two groups at admission, although as with APACHE II,

which includes the GCS, the score may have been limited

in the prediction of the liberation from respiratory sup-

port, including a HFNC. The overt DIC score was not

significantly different at admission. However, the highest

value during the ICU stay was significantly higher in the

non-liberation group, suggesting that coagulopathy was

associated with the liberation from respiratory support.

The SIC score is a new scoring system that was de-

vised in 2016 for septic coagulopathy, following the

Sepsis-3 Guidelines26. The SIC score is more sensitive to

coagulopathy than the overt DIC score of patients with

sepsis, and it is useful as an early detection tool for DIC

with high mortality27. The SIC score comprises the plate-

let count, the PT/international normalized ratio, and a
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part of the SOFA score (other than GCS and platelet

count). It is unaffected by a sedation-induced decline in

consciousness. In this study, the SIC score and highest

value during ICU stay were significantly different be-

tween both groups. Confirming the SIC score was useful

for the early detection of coagulopathy and as a predictor

of the liberation from respiratory support.

This study has a few limitations. First, it was difficult

to completely distinguish between COVID-19-induced co-

agulopathy and coagulopathy associated with complica-

tions that occurred during the course of hospitalization,

such as bacterial infection and bleeding. Such complica-

tions are important factors that make the liberation from

respiratory support difficult. Hence, it is essential to

identify coagulopathy in patients with severe COVID-19.

Second, this was a single-center, retrospective, observa-

tional study. Therefore, bias may have been present with

respect to the selection of patients and the treatment pro-

tocols. Moreover, the number of patients was small, and

it is possible that there may not have been sufficient de-

tection power. Furthermore, all the patients were Japa-

nese; hence, our results cannot be generalized to patients

of other ethnicities. It is recommended that in the future,

studies with diverse study samples and treatment proto-

cols, involving multiple facilities, be conducted.

Despite these limitations, to the best of our knowledge,

this study was the first to focus on coagulopathy and lib-

eration from respiratory support in patients with severe

COVID-19 and report frequent ROTEM measurements.

In conclusion, regarding the coagulation scores of pa-

tients with severe COVID-19, a high SIC score at admis-

sion to the ICU was found to be a useful predictor of the

non-liberation of respiratory support. Moreover, an in-

crease in the overt DIC scores and abnormal values in

the ROTEM parameters during the ICU stay were associ-

ated with the non-liberation of respiratory support.
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