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I N TRODUC TION

Factor Xa inhibitors are a type of direct oral anticoagulants 
(DOACs). They are widely used worldwide because they are 
as effective as warfarin for preventing embolisms but with 
less risk of bleeding complications.1–3 The anticoagulant ef-
fect is not routinely monitored in patients using factor Xa 
inhibitors; however, in patients with hemorrhagic complica-
tions, it is desirable to monitor the effects of factor Xa inhib-
itors, especially if their neutralization is being considered.

Although it is difficult to monitor factor Xa inhibitor 
using conventional coagulation tests, it has been reported 
that rotational thromboelastography (ROTEM), a visco-
elastic coagulation test, is useful for evaluating the effects of 
factor Xa inhibitors.4 Here, we describe three patients with 

severe bleeding complications in which factor Xa inhibi-
tors were neutralized using andexanet alfa under ROTEM 
monitoring.

CASE PR E SE N TATION

Case 1

A 77- year- old man was admitted to our intensive care unit 
(ICU) because of multiple trauma, including small bilateral 
hemothorax and multiple rib fractures. Although his gen-
eral condition was stable after initial resuscitation, a venous 
thromboembolism was diagnosed on Day 15 of hospitali-
zation. Therefore, apixaban was initiated at a daily dose of 
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Abstract
Background: Factor Xa inhibitors are direct oral anticoagulants that are extremely 
useful in clinical applications, safe, and do not require dose adjustment. It is desir-
able to be able to monitor their effects in the event of hemorrhagic complications 
requiring neutralization. However, it is difficult to monitor their activity and neu-
tralization using conventional coagulation tests.
Case Presentation: We report three patients taking factor Xa inhibitors who un-
derwent rotational thromboelastography (ROTEM) monitoring before and after 
neutralization with andexanet alfa. All three patients had hemorrhagic complica-
tions that required neutralization of their factor Xa inhibitors using andexanet alfa. 
One ROTEM parameter, the EXTEM clotting time (EXTEM- CT), was immediately 
shortened after andexanet alfa bolus administration, without subsequent extension 
of the EXTEM- CT assessed 4 h after the bolus dose.
Conclusion: ROTEM parameters, particularly EXTEM- CT, might be useful for 
monitoring neutralization of factor Xa inhibitors.
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20 mg. On Day 17, he showed signs of shock and based on 
the imaging tests, he was diagnosed with hemorrhagic shock 
owing to exacerbation of hemothorax. Therefore, rapid in-
fusion and thoracic drainage were performed. Contrast- 
enhanced computed tomography showed no evidence of 
extravasation, and the drainage was considered to be venous 
hemorrhage. Therefore, we treated him conservatively with 
anticoagulant neutralization using andexanet alfa, which 
was administered as a bolus dose of 800 mg in 30 min, fol-
lowed by infusion of 960 mg over 2 h. The results of the con-
ventional coagulation tests and ROTEM before and after 
andexanet alfa administration are shown in Figure  1, and 
the temogram before and after andexanet administration 
are shown in Figure S1. The extrinsic coagulation pathway 
clotting time (EXTEM- CT) was immediately shortened 
after the bolus dose of andexanet alfa and was not prolonged 
at 4 h after administration. The intrinsic coagulation path-
way (INTEM)- CT was slightly shortened after andexa-
net alfa administration. On Day 21 of hospitalization, he was 
restarted apixaban at a daily dose of 10 mg without further 
exacerbation of hemothorax.

Case 2

A 69- year- old man was admitted to our ICU because of neuro- 
Bechet disease. He had a history of deep venous thrombosis 
and was receiving apixaban. On Day 15 of hospitalization, 
he went into septic shock from aspiration pneumonia and 

required vasopressor. On Day 16 of hospitalization, he sud-
denly developed respiratory failure, and invasive mechanical 
ventilation was performed. His blood examination showed 
acute kidney injury, probably associated with septic shock 
and prolonged PT and APTT. The cause of coagulopathy 
could have been an elevated blood concentration of apixa-
ban associated with acute kidney injury or sepsis- associated 
coagulopathy. Bloody secretions were found in the trachea 
after endotracheal intubation. Based on his clinical course 
and imaging findings, he was diagnosed with alveolar hem-
orrhage due to apixaban. Because of persistent alveolar 
hemorrhage, andexanet alfa was administered to neutralize 
apixaban. Andexanet alfa was administered as a bolus dose 
of 400 mg in 15 min, followed by infusion of 480 mg over 2 h. 
The results of conventional coagulation tests and ROTEM 
before and after andexanet alfa administration are shown in 
Figure 1 and the temogram before and after andexanet ad-
ministration are shown in Figure S1. EXTEM- CT was clearly 
shortened after andexanet alfa administration. There were 
no significant changes in INTEM- CT. His alveolar hemor-
rhage resolved without exacerbation and on Day 31 of hospi-
talization, he was restarted apixaban at a daily dose of 10 mg 
without recurrence of alveolar hemorrhage.

Case 3

A 78- year- old woman was referred to our hospital for the 
treatment of traumatic brain injury, which included cerebral 

F I G U R E  1  Time course of coagulation tests before and after andexanet alfa administration in each case. (A) EXTEM- CT. Dotted lines represent 
the reference range; (B) INTEM- CT. Dotted lines represent the reference range. (C) PT- INR and APTT. AA, andexanet alfa; APTT, activated partial 
thromboplastin time; EXTEM- CT, extrinsic coagulation pathway clotting time; h, hour; INTEM- PT, intrinsic coagulation pathway clotting time; PT- 
INR, prothrombin time international normalized ratio; s, seconds.
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contusion and acute epidural hematoma. Head computed to-
mography on arrival at our hospital revealed the hematoma 
had increased in size compared with the prior computed to-
mography. Because she was treated with edoxaban at a daily 
dose of 30 mg for atrial fibrillation, she was administered an-
dexanet alfa as a bolus dose of 400 mg in 15 min, followed by 
infusion of 480 mg over 2 h. The results of the conventional 
coagulation tests and ROTEM before and after andexa-
net alfa administration are shown in Figure 1 and the temo-
gram before and after andexanet administration are shown 
in Figure S1. EXTEM- CT was immediately shortened after 
andexanet alfa administration. There were no significant 
changes in INTEM- CT. After andexanet alfa administra-
tion, craniotomy was performed to remove the hematoma. 
Bleeding was not a problem during surgery. She did not ex-
perience rebleeding or enlargement of the hematoma during 
her postoperative course. On Day 7 of hospitalization, she 
was restarted edoxaban at a daily dose of 30 mg without re-
currence of intracranial hemorrhage.

DISCUSSION

Factor Xa inhibitors are safer than warfarin. They do 
not usually require therapeutic monitoring, but their ef-
fects cannot be monitored using conventional coagulation 
tests.1–5 Nevertheless, the European trauma guidelines 
recommend measuring the plasma levels of the factor Xa 
inhibitor or anti- Xa activity in patients taking factor Xa 
inhibitors, but these are difficult to measure in clinical set-
tings.5,6 Therefore, an objective parameter that could be 
used to monitor the effects of factor Xa inhibitors, other 
than measuring anti- Xa activity, would be extremely use-
ful in clinical settings.

Being able to monitor the effects of Xa inhibitors can 
also be useful when it is necessary to neutralize these drugs. 
Neutralization of factor Xa inhibitors should be consid-
ered in patients with life- threatening hemorrhagic com-
plications, such as intracranial hemorrhage or trauma.6,7 
Andexanet alfa is currently available for neutralization of 
factor Xa inhibitors. However, because the conventional co-
agulation tests do not reflect the activity of Xa inhibitors, 
the effects of andexanet alfa cannot be monitored in clinical 
situations. Even in our three patients, the prothrombin time 
international normalized ratio (PT- INR) before and after 
andexanet alfa administration also did not show a consis-
tent trend, with a decrease in Case 1, a decrease and then 
an increase in Case 2, and a flat trend in Case 3 (Figure 1). 
The results of our cases also suggest that it was difficult to 
evaluate the effects of Xa inhibitors or andexanet alfa using 
conventional coagulation tests.

ROTEM is a point- of- care viscoelastic coagulation test 
used to monitor coagulation in various clinical situations, 
including cardiac surgery and trauma. In ROTEM, the CT 
is the time it takes for clotting to begin in whole blood, and 
EXTEM and INTEM are indicators of the extrinsic and in-
trinsic coagulation pathways, respectively. Although Seyve 

et al. reported a linear correlation between the plasma levels 
of factor Xa inhibitors and EXTEM- CT, a ROTEM param-
eter, there are few reports on the application of ROTEM in 
clinical settings.4 In our cases, EXTEM- CT was immediately 
shortened after andexanet alfa administration, suggesting 
that ROTEM can be used to monitor the activity of Xa inhib-
itors and neutralizing effects of andexanet alfa. Therefore, 
our report might be a useful demonstration of the possibil-
ity of using ROTEM to monitor coagulation function before 
and after andexanet alfa administration, which has been dif-
ficult to assess in clinical settings.

Monitoring factor Xa inhibitors using ROTEM has sev-
eral limitations. First, the CT determined by ROTEM can 
be affected by mechanisms other than factor Xa inhibitors, 
such as the patient's underlying condition or the use of other 
drugs that affect coagulation activity. Second, some factor 
Xa inhibitors, particularly apixaban, have been reported to 
show relatively weak correlations with EXTEM- CT.4

CONCLUSIONS

We have described three patients whose factor Xa inhibitors 
were neutralized by andexanet alfa under ROTEM monitor-
ing. ROTEM parameters, especially EXTEM- CT, might be 
useful as a point- of- care test for monitoring neutralization 
of factor Xa inhibitors, which has been difficult to assess 
with conventional coagulation tests in clinical settings.
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