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Emergency Department 
Management of Patients Taking 
Direct Oral Anticoagulant Agents
 Abstract 

Direct oral anticoagulant (DOAC) agents have become com-
monly used over the last 9 years for treatment and prophylaxis 
for thromboembolic conditions, following approvals by the 
United States Food and Drug Administration. These antico-
agulant agents, which include a direct thrombin inhibitor and 
factor Xa inhibitors, offer potential advantages for patients over 
warfarin; however, bleeding emergencies with DOACs can 
present diagnostic and therapeutic challenges because, unlike 
traditional anticoagulants, their therapeutic effect cannot be eas-
ily monitored directly with common clotting assays. This review 
examines the growing body of evidence on the uses and risks 
of DOACs in the emergency department, including initiation of 
therapy and reversal strategies. 
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become available. Given the likelihood that these 
medications will continue to increase in popular-
ity, emergency clinicians need to have expertise in 
dosing, monitoring, reversal, and risks in clinical 
practice. This review will focus on use of DOACs for 
the indications of stroke prevention in atrial fibrilla-
tion and treatment and prevention of recurrence in 
venous thromboembolism (VTE).

 Critical Appraisal of the Literature 

Terminology for this class of anticoagulants has 
included, most commonly, DOAC (for direct oral 
anticoagulant) or NOAC (for “novel” oral anticoagu-
lant or “non–vitamin K” oral anticoagulant).4 Given 
their direct mechanism of action, and the time since 
approval for these agents, DOAC may be the pre-
ferred term in the future. 
	 A literature search was performed in PubMed 
using the following terms: DOAC, NOAC, dabigatran, 
apixaban, edoxaban, rivaroxaban, betrixaban, pulmonary 
embolism, deep venous thrombosis, and prothrombin 
complex concentrate. Over 200 articles from 2000 to 
the present were reviewed. The Cochrane Database 
of Systematic Reviews was searched for systematic 
reviews using the key term DOAC, which identified 
5 reviews. Guideline statements specifically regard-
ing DOAC treatment and reversal were released 
by the American Heart Association (AHA) in 2017, 
the European Society of Cardiology in 2015, and 
the American College of Cardiology in 2017. These 
guidelines include data based on large randomized 
controlled trials for multiple conditions. 
	 An appraisal of literature was performed, which 
favored large randomized trials over smaller cohort 
studies and case reports. Good-quality evidence 
regarding safety and efficacy of these medications in 
comparison to warfarin and heparin-based anticoag-
ulants has been published based on long-term cohort 
studies. Unfortunately, direct comparisons between 
DOACs are limited to small numbers of studies with 
predominantly poor-quality evidence. Differences in 
inclusion and exclusion criteria, primary endpoints, 
and assessment of safety outcomes between studies 
also limits comparability between trials. When avail-
able, recommendations in this article are evidence-
based. Recommendations based on accepted practice 
or expert consensus are explicitly noted as such. 

 Pathophysiology 

Control of coagulation in the human body is a delicate 
balance between hemorrhage and thrombosis that is 
mediated by an extensive number of procoagulant 
and anticoagulant proteins. A pathological imbalance 
between these conditions can arise through any of 
the constituents of the Virchow triad of thrombosis. 
These include a hypercoagulable state (such as factor V 

 Case Presentations 

As you begin your shift, the first patient is a 70-year-old 
man brought in for a ground-level fall with isolated head 
injury. A review of the patient’s history reveals atrial 
fibrillation, and he is currently on anticoagulation with 
apixaban. A rapidly obtained CT scan of the head shows 
a subdural hematoma. As you resuscitate the patient, you 
wonder how best to assess his anticoagulation status and 
how best to address reversal.
	 Later in the shift, a 50-year-old woman is brought 
in by EMS for intentional overdose of medications, in a 
suicide attempt. Her list of home medications includes 
sedatives as well as dabigatran, prescribed for a recently 
diagnosed DVT. The patient is somnolent, so specific 
ingestants cannot be ascertained. You wonder if there are 
monitoring tests, beyond PT/PTT, that might determine 
whether a dabigatran overdose is present, and if so, how 
should it be managed to prevent further injury?
	 As your shift is coming to a close, a 45-year-old man 
presents with leg swelling and erythema after a recent 
airplane trip. Your bedside ultrasound is consistent with 
DVT. The patient hates the thought of frequent blood 
tests, and he asks whether there are any options for treat-
ment besides warfarin. You know that DOACs may be an 
option for him, but you wonder what the best way is to 
engage in shared decision-making with him.

 Introduction 

Since the approval by the United States Food and 
Drug Administration (FDA) of dabigatran in 2010, 
the prescription market for this new class of medica-
tions with direct anticoagulation effect has increased 
markedly. In the United States, DOACs now account 
for a similar proportion of office visits for anticoagu-
lant use as warfarin. This trend has also been seen in 
other countries, as DOAC use has grown rapidly.1-3 
Assuming that this trend continues, emergency 
clinicians will continue to see more patients taking 
DOACs, as these drugs replace alternative antico-
agulant therapies. 
	 Compared with warfarin and other oral antico-
agulants, DOACs offer potential benefits, including re-
duced need for monitoring and a potential for reduced 
bleeding complications. However, the advisability of 
using the DOACs was initially challenged, due to the 
lack of an effective reversal agent to use in the event of 
an emergency and for the risk of unintentional over-
dose in patients with altered drug metabolism. As with 
traditional anticoagulants, patients using DOACs are 
often medically complex, and they may frequently 
present for emergency department (ED) care.
	 This issue of Emergency Medicine Practice focuses 
on updates to the body of literature on DOACs since 
the last review in 2013. Since that time, many stud-
ies, including longer-term follow-up from large trials 
and registry data for patients taking DOACs, have 
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FDA-approved indications for DOACs, which include 
stroke prevention in patients with nonvalvular atrial 
fibrillation, treatment of VTE, prophylaxis against VTE 
in certain populations, and reduction of major cardio-
vascular events in stable cardiovascular disease.
	 Although the list of FDA-approved indications 
for the DOACs remains short, off-label investiga-
tions or case reports have described the efficacy 
of DOACs in many settings, including both arte-
rial and venous thromboembolism,6 prevention of 
embolic stroke in atrial fibrillation, acute coronary 
syndromes, cancer-associated thrombosis,7 upper 
extremity deep venous thrombosis (DVT),8 and 
mesenteric thrombosis.9 Some of these trials, such as 
a randomized controlled trial of dabigatran use for 
anticoagulation in patients with a left ventricular as-
sist device, have failed to demonstrate the utility of 
the DOACs.10 

Direct Thrombin Inhibitor
Dabigatran, the first DOAC introduced to the mar-
ket in 2010, works via direct inhibition of thrombin. 
Thrombin (factor IIa) is a serine protease, which has 
a primary role in the coagulation cascade, convert-
ing soluble fibrinogen into fibrin for clot formation. 
Dabigatran is available in both 75 mg and 150 mg 
tablets, and it is dosed at either 75 mg by mouth 
twice a day or 150 mg by mouth twice a day, de-
pending on renal function. The half-life for dabiga-
tran is approximately 12 to 15 hours, and maximal 
effect occurs within 2 to 3 hours after each dose. 
The RE-LY trial for atrial fibrillation found that, at a 
dose of 150 mg twice daily, dabigatran had a lower 
rate of stroke and systemic embolism compared to 
warfarin, and a similar rate of major hemorrhage.11 
A smaller dose, 110 mg/day, resulted in lower rates 
of hemorrhage in that trial as well as in a 2.3-year 
follow-up study, but this dose was not approved by 
the FDA.12 The rates of fatal and traumatic intrace-
rebral hemorrhage were lower for patients taking 
dabigatran compared to warfarin.13 A randomized 
controlled trial using dabigatran in the treatment of 
VTE at a strength of 150 mg, following 5 to 10 days 
of parenteral anticoagulation, also found similar 
efficacy in treating acute episodes of VTE and pre-
venting recurrence, compared with warfarin, with 
reduced rates of hemorrhage.14-16 Among patients 
with atrial fibrillation, temporary interruption of 
dabigatran was associated with similar rates of 
stroke compared to warfarin interruption.17 

Factor Xa Inhibitors
Rivaroxaban, apixaban, edoxaban, and betrixa-
ban are different from the DTIs in that they work 
through the inhibition of clotting factor Xa. FXa acts 
in the clotting cascade by converting prothrombin to 
thrombin, acting to amplify clotting activity in both 
the intrinsic and extrinsic pathways. 

Leiden thrombophilia), a mechanical stimulus (such as 
vessel injury), or a condition of stasis with interrupted 
blood flow (as in atrial fibrillation). 
	 Traditionally, the prothrombotic risk from these 
states was mediated through vitamin K antagonists 
(VKAs), warfarin in particular, which inhibits the 
action of vitamin K in the liver.5 This inhibition leads 
to reduced production of clotting factors II, VII, IX, 
and X, as well as the anticoagulant proteins C and 
S. Since any clotting factors already present in the 
circulation remain active, reversal of VKAs may be 
performed directly through factor repletion.
Because VKAs have narrow therapeutic windows 
and common drug interactions, they require fre-
quent monitoring. Despite this disadvantage, after 
approval in 1954, warfarin has remained the first 
choice for oral anticoagulation in the United States 
for over 60 years. The pharmacology, risks, and 
reversal strategies of warfarin have been studied 
extensively over that period. 
	 Before the 2010 FDA approval of the first DOAC, 
dabigatran, alternate agents for anticoagulation, in-
cluding direct thrombin inhibitors and factor Xa (FXa) 
inhibitors, had existed for many years as intravenous 
(IV) agents, with mostly limited application in the ED 
setting. The relatively recent availability of oral direct 
anticoagulants has become a milestone in anticoagula-
tion treatments. In comparison to warfarin, the DOACs 
exert a more targeted effect on the clotting cascade. 
Sites of action for DOACs are shown in Figure 1. 

 Mechanisms and Comparison of Direct Oral 
 Anticoagulants

The DOACs currently FDA-approved for use fall into 
2 categories: (1) direct thrombin inhibitors (DTIs) and 
(2) factor Xa (FXa) inhibitors. Table 1 (page 4) summa-
rizes the pharmacokinetics, pharmacodynamics, and 

Figure 1. Clotting Factor Cascade and Site of 
Action of Oral Anticoagulant Agents 
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Apixaban
Apixaban was approved by the FDA in Decem-
ber 2012 for prevention of stroke in patients with 
nonvalvular atrial fibrillation as well as for VTE 
treatment. The ARISTOTLE trial, published in 2011, 
found that, for patients with atrial fibrillation, in 
addition to superiority in preventing stroke and sys-
temic embolism, apixaban caused less bleeding and 
resulted in lower mortality than warfarin.24 Dosing 
for atrial fibrillation is 5 mg by mouth twice daily. 
The dose should be reduced to 2.5 mg twice daily if 
a patient has any 2 of the following conditions: Age 
≥ 80 years, body weight ≤ 60 kg, or serum creatinine 
≥ 1.5 mg/dL. The rate of major and minor hemor-
rhage was significantly lower in patients taking 
apixaban, with rates of major hemorrhage-related 
mortality halved at 30 days.25,26 
	 When used for treatment of VTE, apixaban has 
similar efficacy to warfarin in preventing recur-
rence, but it is associated with less bleeding than 
warfarin.27 Similar to rivaroxaban, a dose reduction 
occurs after initiation, from 10 mg by mouth twice 
daily down to 5 mg by mouth twice daily after the 
first 7 days of therapy. The association of polyphar-
macy with increased thromboembolic and hem-
orrhagic risks appears similar between warfarin 
and apixaban.28 A randomized controlled trial of 
apixaban therapy after antiplatelet therapy in acute 
coronary syndromes (ACS) was stopped early (after 
7392 patients were recruited) after increased rates 
of bleeding and no decrease in ischemic events 
were seen with apixaban.29 Apixaban, compared to 
low-molecular-weight heparin (LMWH), resulted 
in higher bleeding rates without reducing VTE 
events when used for thromboprophylaxis in medi-
cally ill patients.30 

Rivaroxaban
Rivaroxaban, the second DOAC to be approved by 
the FDA, in July 2011, is used for stroke prevention 
in patients with nonvalvular atrial fibrillation, as 
well as in VTE treatment, at an oral dose of 20 mg 
daily (or 15 mg daily for patients with CrCl < 50 
mL/min). The ROCKET AF trial, published in 2011, 
evaluated patients with atrial fibrillation random-
ized to either rivaroxaban or warfarin.18 It found 
that rivaroxaban is noninferior to warfarin for stroke 
and systemic embolism prevention, with no signifi-
cant between-group difference in the risk of major 
bleeding overall. As a subset, the rate of gastroin-
testinal (GI) bleeding may be higher in patients on 
rivaroxaban compared to warfarin, but overall GI 
bleeding rates and mortality outcomes were low in 
both groups in this trial, around 0.4% of patients per 
year.19 The rates of major GI bleeding were similar 
among the 3 largest trials for FXa agents in nonval-
vular atrial fibrillation, which led to their FDA ap-
proval, but they cannot be compared directly since 
inclusion/exclusion criteria were different. 
	 The EINSTEIN trial randomized patients with 
VTE to rivaroxaban or standard therapy, and report-
ed similar rates of recurrence and bleeding outcomes 
for acute treatment.20 There was a dose reduction for 
VTE treatment from 15 mg by mouth twice daily for 
3 weeks down to 20 mg by mouth once daily. Con-
tinuing therapy with rivaroxaban beyond the acute 
treatment period resulted in rates of VTE recurrence 
and bleeding episodes similar to aspirin therapy. 21,22 
Compared to placebo, there were fewer VTE recur-
rences and higher rates of bleeding.21,22 Trials evalu-
ating the effectiveness of rivaroxaban in comparison 
to dalteparin for cancer-related VTE found lower 
rates of recurrence but higher rates of clinically rel-
evant nonmajor bleeding over 6 months.23 

Table 1. Comparison of Pharmacokinetics/Pharmacodynamics of Direct Oral Anticoagulant Agents

Agent Trade 
Name

Mechanism Dosing for NVAFa Dosing for VTEa Half-Life 
(hours)

Protein 
Binding (%)

Renal 
Excretion (%)

Dabigatran Pradaxa® Direct thrombin 

inhibitor

150 mg BID 150 mg BID after 5-10 days of 

parenteral anticoagulation

12-15 35 80

Rivaroxaban Xarelto® FXa inhibitor 25 mg once daily 15 mg BID for first 21 days, followed 

by 20 mg BID

6-9 94 66

Apixaban Eliquis® FXa inhibitor 5 mg BIDb 10 mg BID for 7 days, followed by  

5 mg BID

9-14 87 24-30

Edoxaban Savaysa® FXa inhibitor 60 mg once daily 60 mg once daily 10-14 55 50

Betrixaban Bevyxxa® FXa inhibitor N/A N/A 19-27 60 11

aOral dosing noted is for patients with normal renal function. See the "Renal Impairment" section, page 11, for dosing adjustments for other groups.
bReduce dose to 2.5 mg BID if any of the following: Age ≥ 80 years, body weight ≤ 60 kg, or serum creatinine ≥ 1.5 mg/dL.

Abbreviations: BID, 2 times per day; FXa, factor Xa; N/A, not applicable; NVAF, nonvalvular atrial fibrillation; VTE, venous thromboembolism.
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general principles of hemorrhage control and triage 
to an appropriate receiving facility are warranted. 
Emergency medical services (EMS) recognition of the 
patient’s use of DOACs, including the name of the 
medication and the timing of the last dose taken, is a 
critical prerequisite for appropriate triage of these pa-
tients. A retrospective study found limited agreement 
between EMS reports with actual hospital records on 
current DOAC use in older patients with blunt head 
trauma.36 EMS medical directors should incorporate 
education on DOACs into their curricula. 

 Emergency Department Evaluation 

The initial evaluation of an anticoagulated patient 
begins with a directed history and physical exami-
nation. (See Table 2.) Emergency clinicians should 
make a particular effort to determine the name of the 
drug, the dosage taken, the time of administration 
of the last dose, and the indication for the antico-
agulant. A patient’s past medical history, including 
whether the patient has chronic kidney disease or 
end-stage renal disease, and other medications taken 
by the patient are also important. Hemorrhagic 
losses and volume status should be assessed, since 
this will determine the role of fluid and blood prod-
uct administration. 
	 The site of any bleeding guides the ED therapy. 
The location of a patient’s pain, appearance of bruis-
ing on the skin, and the mechanism of any trauma 
should be elicited. A new headache, abnormal 
neurologic findings, or other signs or history of head 
trauma should prompt a workup for intracranial 
hemorrhage. A rectal examination should be per-

Edoxaban
Edoxaban received FDA approval in January 
2015.31,32 Approved indications for edoxaban are the 
same as the other FXa inhibitor agents, although 5 to 
10 days of parenteral therapy is recommended prior 
to starting edoxaban for VTE treatment, similar to 
dabigatran. For VTE, edoxaban had similar levels of 
VTE recurrence, with fewer episodes of major bleed-
ing, compared to warfarin at both a higher dose of 
60 mg and a lower dose of 30 mg, which was used 
in patients with a estimated glomerular filtration 
rate (eGFR) < 50 mL/min or < 60 kg body weight.32 
Similar effects were also seen for stroke prevention 
with atrial fibrillation, also with lower risks of major 
bleeding at both the high and low doses.31 Dosing for 
atrial fibrillation is 60 mg by mouth daily or 30 mg by 
mouth daily for patients with eGFR < 30 mL /min. 
Both of the major trials evaluating edoxaban therapy 
excluded patients with creatinine clearance (CrCl) 
< 30 mL/min. Edoxaban has also been studied for 
cancer-related DVT in comparison to LMWH, and 
a randomized controlled trial using a dose of 60 mg 
by mouth daily showed lower rates of VTE recur-
rence but higher rates of major bleeding compared 
to dalteparin.33

Betrixaban
Betrixaban is the latest of the FXa inhibitors to receive 
FDA approval, in June 2017. Data regarding manage-
ment of betrixaban is more limited in comparison to 
the other agents in this class. Approved indications 
for betrixaban are limited to VTE prophylaxis in 
medically ill patients, based on a large randomized 
controlled trial comparing it to enoxaparin.34 In this 
trial, with betrixaban, there was a reduced rate of 
VTE in the overall population but an equivalent rate 
of bleeding events. In a follow-up trial, continued 
dosing of betrixaban for 35 to 42 days reduced the 
risk of stroke in medically ill patients, compared to 
enoxaparin for 10 days (+/- 4 days), 0.54% versus 
0.97%, but with an increase in the rate of major bleed-
ing and clinically relevant nonmajor bleeding from 
1.6% to 3.1%.35 Given its more restricted indications 
(primarily for inpatients), betrixaban is less likely to 
be encountered by most emergency clinicians in usual 
practice, since long-term rehabilitation and skilled 
nursing facility patients are not considered to be at 
high risk for DVT/pulmonary embolism (PE) (com-
pared to hospital inpatients), despite reduced physi-
cal activity, and they are not typically given prophy-
laxis for DVT/PE. 

 Prehospital Care 

Limited prehospital studies have been performed 
relating specifically to DOACs. Given the increased 
risk for complications and the potential need for 
advanced surgical or hematological consultation, 

Table 2. Key Elements From the History and 
Physical Examination of Patients on Direct 
Oral Anticoagulant Agents

History
•	 Time and dose of last DOAC
•	 History of VTE, malignancy, hypercoagulable state
•	 Use of additional anticoagulants or antiplatelet agents
•	 Use of any nephrotoxins, particularly NSAIDs
•	 History of renal insufficiency
•	 Mechanism of trauma/estimated blood loss (if applicable)
•	 Time last seen well (if neurologic symptoms are present)

Physical Examination
•	 Vital signs
•	 Volume status (tachycardia, jugular venous pressure, mucous 

membranes)
•	 Site of bleeding and presence of active hemorrhage
•	 Presence of bruising or epistaxis
•	 Rectal examination
•	 Neurologic examination

Abbreviations: DOAC, direct oral anticoagulant; NSAIDs, nonsteroidal 

anti-inflammatory drugs; VTE, venous thromboembolism.
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where injury is suspected.46 For anticoagulated 
patients following blunt abdominal trauma, guide-
lines for diagnostic testing should be followed as 
usual, but with an increased index of suspicion 
for bleeding complications and an awareness of 
the limitations of FAST for hemorrhage in certain 
sites (eg, retroperitoneal).47 Once again, although 
high-quality evidence is lacking, observational 
data suggest reduced mortality (8.3% vs 29.5%) in 
abdominal trauma patients on DOACs compared to 
patients on warfarin.48 

Laboratory Studies
General Testing
Results of hemoglobin and creatinine testing provide 
important data regarding hemorrhage rate and me-
tabolism of anticoagulants in the system. Assessment 
of renal function is particularly important for agents 
reliant on renal excretion (primarily dabigatran, 
edoxaban, and rivaroxaban).49 None of the DOACs 
inhibit platelet function, but testing of platelet quan-
tity on complete blood cell (CBC) count remains an 
important part of all trauma evaluations, particularly 
if other antiplatelet agents may be in the system. 
Although studies have shown reduced qualitative 
platelet function after trauma, no consensus exists on 
the current clinical utility of platelet function testing 
in this setting.50 Platelet function testing, if possible 
prior to platelet transfusion, has been recommended 
in patients who have aspirin-associated or ADP-
inhibitor-associated intracranial hemorrhage who are 
undergoing a neurosurgical procedure.51 
	 All of the tests of hemostasis described here 
are performed by most laboratories using blue-top 
(sodium citrate) tubes, the same as those used for pro-
thrombin time (PT)/international normalized ratio 
(INR) and partial thromboplastin time (PTT) test-
ing. Actual plasma concentration of DOACs may be 
measured by chromatography, but these levels do not 
necessarily correspond to bleeding outcomes, giving 
these tests limited utility outside research settings.52 
	 Since one of the benefits of DOAC therapy is 
the lack of monitoring requirements, the indications 
for evaluating DOAC effect are limited, compared 
to warfarin, and include situations in which knowl-
edge of the DOAC concentration or effect will guide 
clinical decision-making. Potential indications for 
quantitative assessment of DOAC level include 
treatment of life-threatening bleeding, development 
of VTE despite compliance with DOAC therapy, and 
treatment of patients at risk for bleeding because 
of overdose. In patients with a need for urgent or 
emergent surgical therapy, if the procedure cannot 
be delayed, assays in order to guide reversal may 
also be of benefit, or empiric reversal may be per-
formed, depending on the clinical context. Given the 
short half-life of these agents, if invasive procedures 
can be delayed long enough for metabolism, anti-
coagulant assays could be deferred. For nonurgent 

formed if GI bleeding is a possibility, since higher 
risks of GI bleeding can be seen with anticoagulated 
patients, including those on DOACs.37 In at least 
one ED-based prospective observational study, 80% 
of patients presenting with major bleeding episodes 
while on dabigatran had a GI source of their hemor-
rhage.37 Fecal occult blood testing may be used as an 
adjunct in this evaluation. 

 Diagnostic Studies 

Imaging Studies 
Computed Tomography
Guidelines and high-quality data for imaging 
workup of patients taking DOACs are lacking, and 
most studies are observational reports. Older recom-
mendations for patients taking antiplatelet agents 
or warfarin have also been used to estimate risks of 
hemorrhage in this population. Imaging guidelines 
for low-risk trauma, such as the Canadian Comput-
ed Tomography (CT) Head Rule or the NEXUS crite-
ria, are less accurate for anticoagulated patients.38 
	 A low threshold for head imaging has been 
recommended in previous studies, even with minor 
head trauma, but follow-up imaging or admission 
of patients with negative CT scans of the head may 
present significant healthcare costs with limited 
yield of clinically important findings.39-42 A single-
center prospective observational cohort study of 
1180 patients on either antiplatelet or anticoagulant 
medications, including 3% on rivaroxaban therapy, 
with an initial negative head CT found that only 7 
patients (0.51%), of which 1 was on rivaroxaban, 
had a positive head CT 12 hours later, and 0 patients 
required surgical intervention.43 A retrospective ob-
servational report of 156 patients suggested reduced 
mortality (4.9% vs 20.8%) in patients on a DOAC 
with traumatic intracranial hemorrhage compared 
to those taking warfarin, although this study did not 
assess medication adherence or control for the size 
of hemorrhage.44 Given the difference in drug effects 
of DOACs in comparison to warfarin, more studies 
are needed to clarify outcomes after head trauma, 
including risks of delayed intracranial hemorrhage.
	 Until additional studies are performed, we be-
lieve that a low threshold for neuroimaging is appro-
priate in patients anticoagulated with DOACs follow-
ing even minor head injury, as has been the approach 
for therapeutically anticoagulated patients in the 
past.45 With positive radiologic findings or very high 
suspicion, we obtain repeat head imaging within 4 to 
6 hours, in consultation with neurosurgical services, 
or earlier in cases of unexpected clinical decline. 

Ultrasound
Trauma guidelines continue to recommend focused 
assessment with sonography for trauma (FAST) ex-
amination in the setting of blunt abdominal trauma 
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Thrombin Time
Although TT is insensitive for FXa inhibitors, it 
shows good correlation with dabigatran concentra-
tion across normal ranges.55 Even at therapeutic 
levels, however, TT may be elevated above the up-
per limit of this assay’s detection, making it a poor 
predictor of overdose.56,63 The dilute thrombin time 
(dTT) is more reliable for this purpose, since it cor-
relates across a wider range of therapeutic concen-
trations. Availability of these tests may be limited 
outside tertiary referral centers, or results may not 
be available in timely fashion in community hospi-
tals. A normal TT measurement can reliably exclude 
dabigatran presence. 

Ecarin Clotting Time
Ecarin, an enzyme that cleaves prothrombin to an ac-
tive intermediate that can be inhibited by dabigatran 
in the same way as thrombin, can be used to assess 
anticoagulant presence. The ECT demonstrates high 
accuracy for dabigatran concentration.55,63 Currently, 
no therapeutic range based on ECT for anticoagulant 
effect exists, but a normal value could be used to 
exclude the presence of dabigatran.56,64 ECT is not 
useful for testing presence of FXa inhibitors.

 Treatment 

General Principles
Resuscitation of a patient on a DOAC with potential 
bleeding complications proceeds regardless of the 
specific agent, with the exception of consideration of 
specific reversal agents. (See the Clinical Pathway, 
page 10.) Any patient on a DOAC should be as-
sessed first for severity of their bleeding.65 In pa-
tients with bleeding at a critical site (central nervous 
system, pericardium, airway, and other areas if it 
results in a critical illness), patients with hemody-
namic instability, or in patients with clinically overt 
bleeding and either a hemoglobin decrease ≥ 2 g/dL 
or administration of ≥ 2 units packed red blood cells, 
bleeding should be considered major.65 For those 
patients in whom bleeding is at critical sites or in 
whom continued bleeding may be life-threatening, 
then reversal agents should be administered in addi-
tion to standard care. 
	 For all patients on DOACs with bleeding, stan-
dard practices for hemorrhage management, includ-
ing site-specific bleeding control strategies and cessa-
tion of further anticoagulant administration, should 
be initiated as applicable. These practices include 
tourniquet application or direct pressure for bleeding 
at compressible sites, as well as intravenous proton-
pump inhibitors for suspected upper GI bleeding. The 
effect on bleeding time of either kaolin-based prod-
ucts (which activate factor XII) or chitosan products 
(which act as a platelet scaffold) with DOACs remains 
unknown.66,67 Further studies may clarify their role, 

surgical procedures and non–life-threatening hemor-
rhage, waiting additional half-lives for metabolism 
to occur can also obviate the need for reversal of 
DOAC effect.

Prothrombin Time/ International Normalized Ratio 
and Partial Thromboplastin Time
Laboratory studies that are commonly used as prox-
ies for efficacy of anticoagulation with warfarin and 
heparin are less useful for DOACs. Dabigatran may 
cause prolongation of either test, but overall correla-
tion is poor between DOAC plasma concentration 
and PT, PTT, and INR levels.53-55 In the absence of 
more specific tests (eg, thrombin time [TT] or ecarin 
clotting time [ECT]), PTT may be used to provide 
some estimate of the anticoagulant effect of dabi-
gatran.55 Similarly, the FXa inhibitors elevate PT 
in a weakly concentration-dependent manner, and 
this test may be helpful if anti-FXa level testing is 
unavailable.54,55 
	 Nonetheless, the limitations of these conven-
tional clotting tests for DOACs must be emphasized. 
Since the affinity of these agents for reagents in  
PT/INR testing varies, and since the anticoagulant 
effect of DOACs does not correlate linearly with INR 
values in the same way as VKAs, this test should not 
be used to quantify the anticoagulant effect of  
DOACs.56 Given that the anticoagulant effect of 
DOACs at trough levels may be clinically significant, 
but that both PT/INR and PTT tests may be normal 
at these concentrations, neither test can be recom-
mended to determine normal coagulation status.57 
Abnormalities on either test can suggest the pres-
ence of a DOAC, but values should not be inter-
preted as reliable measures of either therapeutic or 
supratherapeutic clinical anticoagulant effect. 

Anti-Factor Xa Activity Levels
Chromogenic anti-FXa assays have been available 
for measurement of the effect of LMWHs for years, 
and they have proven useful for oral FXa inhibi-
tors as well.58,59 Direct measurement of the anti-
FXa effect demonstrates a strong linear correlation 
with plasma concentrations of these agents, but the 
anticoagulant effect does not follow the same linear 
pattern.31,60,61 Anti-FXa effect measurements that are 
calibrated specifically to oral FXa inhibitors (rather 
than heparin-based agents) may not be available at 
all treatment sites.
	 In trials, drug concentrations and anti-FXa levels 
have correlated with hemorrhagic and thrombotic 
outcomes, but monitoring is typically not recom-
mended in patients on DOACs who do not have 
bleeding complications.62 Long testing times and 
limited availability may also reduce the value of this 
test in an emergent setting. Normal anti-FXa levels 
have been interpreted as excluding significant anti-
coagulant effect of DOACs, except dabigatran. 

7	 Copyright © 2019 EB Medicine. All rights reserved. August 2019 • www.ebmedicine.net



Coagulation Factor Xa (Recombinant), Inactivated-
zhzo (Andexanet Alfa)
In May 2018, the FDA approved the first reversal 
agent for FXa inhibitors, called coagulation factor 
Xa (recombinant), inactivated-zhzo (brand name, 
Andexxa®; previously known as andexanet alfa or r-
Antidote). Coagulation factor Xa is a recombinant FXa 
derivative that acts as a decoy receptor for the FXa 
agents, eliminating their anticoagulant effect.81-83 
	 Coagulation factor Xa is administered as a 
“high-dose” infusion to reverse rivaroxaban doses 
> 10 mg or apixaban doses > 5 mg taken within 
the previous 8 hours, and also for unknown doses 
or unknown last time of administration of these 
agents. A “low-dose” infusion is used for known 
doses smaller than these amounts taken within the 
previous 8 hours, or for all known doses if last taken 
≥ 8 hours before infusion. In a trial of 352 patients 
treated for major bleeding occurring within 18 hours 
of taking anti-FXa agents, treatment with coagula-
tion factor Xa using a combination of IV bolus and 
2-hour infusion was highly effective in normalizing 
anti-FXa levels.81 Hemostasis was achieved in 82% of 
patients assessed at 12 hours, but thrombotic events 
were noted in 10% of patients at 30-day follow-up. 
	 The effect of coagulation factor Xa may be lim-
ited outside of the time of continuous infusion, and 
there is a possibility for rebound of the measured 
anti-FXa level and anticoagulant effect. Change in 
anti-FXa level was not predictive of hemostatic ef-
ficacy in the overall population in this study.81 No 
direct comparison of coagulation factor Xa to the 
nonspecific reversal agents has been conducted, 
and the cost per dose of this new reversal agent is 
substantial. Further studies with coagulation factor 
Xa to assess cost-effectiveness and mortality benefit 
are forthcoming, including a comparison of coagu-
lation factor Xa with usual care to assess efficacy 
in acute intracranial hemorrhages (Clinical Trial 
NCT03661528). 

Nonspecific Reversal Agents
Prothrombin Complex Concentrate
Prothrombin complex concentrate (PCC) has been 
recognized for decades as an FDA-approved rapid 
reversal agent for VKA-related hemorrhagic events, 
but data regarding its use off-label in DOACs are 
still emerging.84,85 Both 3-factor and 4-factor PCC 
(3F-PCC and 4F-PCC) have been made available in 
the United States for anticoagulant reversal. 3F-PCC 
is marketed in the United States as Profilnine® SD 
and contains factors II, IX, and X as well as trace 
amounts of factor VII. 4F-PCC, marketed as Kcen-
tra® (Octaplex®/Beriplex® outside of the United 
States), contains purified factor VII in addition to 
II, IX, and X, as well as the anticoagulant proteins 
C and S. Most PCC products contain some heparin 
and so cannot be used in patients with a history of 

and they may prove useful in some settings. 
	 A type and screen should be obtained if bleed-
ing is a possibility, with cross-matched blood used, 
when available, in preference to type-specific or 
universal donor blood. Guidelines for transfusion of 
stable critically ill patents recommend red blood cell 
transfusion at restrictive hemoglobin levels of  
7 g/dL unless patients are at increased risk for com-
plications at this level.68-71 Use of restrictive transfu-
sion thresholds may avoid the risks of unnecessary 
transfusion, including infection, fluid overload, and 
adverse transfusion reactions. However, since un-
stable patients and those with active bleeding have 
hemoglobin levels that may not reflect their ongoing 
losses, these guidelines have more limited applica-
tion for emergent resuscitation, and further studies 
are needed in this area. Desmopressin, although not 
evaluated in patients on DOACs, may be adminis-
tered if qualitative platelet dysfunction is suspect-
ed.72 No platelet transfusion triggers specifically 
for use in patients on DOACs have been evaluat-
ed, but guidelines generally recommend levels of 
50 × 109 cells/L for surgery or trauma, and up to 
100 × 109 cells/L for patients with intracerebral hem-
orrhage or those undergoing neuraxial surgery.73 
	 With regard to overdose on DOACs, although 
dabigatran, rivaroxaban, and apixaban overdoses 
have all been reported, bleeding episodes in over-
dose appear to be rare, at 5% or less, based on case 
series.74,75 Treatment decisions in overdose vary 
widely, but they include all options for reversal of 
specific agents, as well as conservative manage-
ment in nonbleeding patients, with good outcomes 
reported despite laboratory abnormalities.74,75

Specific Reversal Agents
Idarucizumab 
A specific reversal agent, idarucizumab (Praxbind®), 
received conditional approval by the FDA in Octo-
ber 2015 (with full approval April 2018) for reversal 
of dabigatran.76,77 Idarucizumab is a humanized 
murine monoclonal antibody directed to dabigatran, 
delivered as two 2.5-g IV boluses, given 15 min-
utes apart, totaling 5 g. It reverses dabigatran up to 
the 99th percentile of levels measured in the RE-LY 
trial.11,77 A study of this agent used emergently for 
GI bleeding and urgent procedures showed rapid 
and essentially complete reversal of dabigatran’s 
effect, but more clinical outcome studies are needed. 
Guidelines for reversal of DOACs now recommend 
idarucizumab in major life-threatening bleeding 
events for patients on dabigatran.78-80 Idarucizumab 
does not possess prothrombotic side effects, but any 
underlying clotting abnormality will be revealed 
by its use. Timeliness of DOAC reversal has not yet 
been shown to improve clinical outcomes, but the 
rapid reversal of DOACs in major hemorrhage is 
likely to be beneficial.
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Recombinant Factor VIIa (rFVIIa)
Recombinant factor VIIa (rFVIIa, marketed in the 
United States as NovoSeven®) activates factors IX and 
X, resulting in a rapid increase in thrombin.94,95 Al-
though limited data suggest that rFVIIa may reverse 
the effect of dabigatran by causing overwhelming 
thrombin generation, it has also been associated with 
a higher risk of thrombosis development in compari-
son to PCC, since it lacks any balancing anticoagulant 
factors (eg, protein C or S).91 rFVIIa should not be 
considered first-line for reversal if any of the other 
agents is available. 

Fresh-Frozen Plasma
Generally speaking, fresh-frozen plasma (FFP) is not 
recommended for reversal of either class of DOAC. 
A murine model suggested inconsistent improve-
ment on dabigatran effect after FFP transfusion, and a 
single case report on dabigatran-related bleeding also 
did not find benefit from FFP.96,97 Likewise, the vol-
ume of FFP required to reverse the effect of the FXa 
inhibitors is likely to be prohibitive, although stud-
ies on this point are lacking.78 Nonetheless, plasma 
resuscitation should always be considered as part of 
balanced resuscitation with increased platelet and 
plasma ratios in the setting of a massive transfusion, 
as supported by recent randomized controlled trials.98

Adjunct Therapies
Activated Charcoal for Oral Agents
Limited weak data exist suggesting a beneficial effect 
of activated charcoal in the removal of recently in-
gested doses of dabigatran and apixaban, with similar 
theoretical benefits, but there are no published data 
for other FXa inhibitors.99,100 Recommendations from 
the Thrombosis and Hemostasis Summit of North 
America published in 2012 advocated for the use of 
activated charcoal for recent (< 2 hour) ingestions of 
DOACs, but the 2016 update of these recommenda-
tions does not address charcoal use.49,101 

Tranexamic Acid
Tranexamic acid (TXA) is a synthetic lysine analogue 
that has antifibrinolytic activity through reversible 
binding of plasmin. A randomized controlled trial 
of more than 20,000 patients (CRASH-2) suggested 
reduced mortality with administration following 
trauma, if given within 3 hours.102,103 No studies 
have evaluated the benefit of TXA after trauma 
or major hemorrhage specifically in the setting of 
DOAC effect, but a case-control study and a ran-
domized controlled trial in the perioperative setting 
showed reduced transfusion requirements when 
TXA was given following orthopedic surgery in pa-
tients on rivaroxaban for VTE prophylaxis.104,105 We 
do not recommend modification of standard trauma 
guidelines regarding TXA usage in patients who are 
on DOACs. 

heparin-induced thrombocytopenia.
	 For FXa inhibitors, administration of 4F-PCC 
has been shown to be effective at normalizing PT 
abnormalities and bleeding times in healthy volun-
teers, as well as achieving effective bleeding control 
in patients on rivaroxaban, apixaban, and edoxaban 
who have active major bleeding events.53,86,87 The 
proposed mechanism for reversal of anticoagulant 
effect of the FXa inhibitors using PCC is overwhelm-
ing of the inhibitor agent by increased concentration 
of upstream clotting factors.53 
	 A cohort study of 64 patients on anticoagu-
lants (including 3 using rivaroxaban) demonstrated 
superiority of 4F-PCC to 3F-PCC for normalization 
of INR.86,88 In a comparison of 4F-PCC and 3F-PCC 
for healthy volunteers, a single dose of 50 factor IX 
units/kg of 4F-PCC was more effective than 3F-PCC 
at reversing PT prolongation caused by rivaroxa-
ban.89 Fixed-dose PCC has become a topic of increas-
ing interest, since studies of this strategy suggest 
that it may decrease time to medication administra-
tion, as well as costs of reversal.90 Since this strategy 
has not been evaluated for DOACs specifically, 
protocols should be developed locally, in conjunc-
tion with pharmacy and hematology guidance. 
	 In guidelines for management of FXa-inhibitor-
induced bleeding, 4F-PCC is recommended over 
3F-PCC, if available.70,80 Two cohort studies, with 84 
and 66 patients, of 4F-PCC for treatment of FXa-
inhibitor-associated hemorrhage have estimated 
the effectiveness of 4F-PCC at 69% and 65%, respec-
tively.86,88 A randomized controlled trial evaluat-
ing the effect of 4F-PCC on dabigatran, conversely, 
showed no improvement in the PTT, ECT, or TT in 
healthy volunteers.53 Given this evidence, 4F-PCC 
has become an agent of choice in the rapid reversal 
of anticoagulation in patients on FXa inhibitors with 
major bleeding.

Activated PCC (Factor VIII Inhibitor Bypassing 
Activity)
Activated PCC (aPCC), also known as FEIBA® (anti-
inhibitor coagulant complex), is a 4F-PCC with the 
modification of activated factor VII. It is named for 
its role in reversing bleeding in hemophiliac patients 
with factor VIII inhibitors. Studies supporting the 
use of aPCC in DOAC-induced bleeding are poor 
in quality, with 1 case series of 6 patients with intra-
cerebral hemorrhage using aPCC reversal having 
no cases of hematoma expansion, and 1 study in 10 
healthy volunteers, showing reversal of coagulopathy 
as seen in laboratory assessment of dabigatran and 
rivaroxaban.91,92 For dabigatran, aPCC may be more 
effective than typical 4F-PCC, as suggested by in vitro 
studies.93 Given its limited evidence base, aPCC is not 
considered to be first-line over 4F-PCC in the reversal 
of any DOAC, but it may be used if other PCCs are 
not available. Dosing is the same as for 4F-PCC.
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Clinical Pathway for Management of Hemorrhage 
in Patients Taking Direct Oral Anticoagulant Agents

General measures
•	 Hold additional doses of DOAC, anticoagulants, and 

nephrotoxins, and inquire about timing of last dose
•	 Begin basic principles of hemorrhage management based on 

the site of bleeding
•	 Obtain CBC, Cr, eGFR, type and screen

(Class II)

Minor bleed (extremity bleed in hemodynamically stable 
patient, stable gastrointestinal bleeding, etc):

•	 Continue basic hemorrhage management
•	 Support renal function with judicious IV fluid (unless 

contraindicated)
•	 Monitor closely until confirmation that bleeding has ceased

(Class III)

This clinical pathway is intended to supplement, rather than substitute for, professional judgment and may be changed depending upon a patient’s individual 
needs. Failure to comply with this pathway does not represent a breach of the standard of care. 
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Class I
• Always acceptable, safe
• Definitely useful
• Proven in both efficacy and effectiveness

Level of Evidence:
• One or more large prospective studies 

are present (with rare exceptions)
• High-quality meta-analyses
• Study results consistently positive and 

compelling

Class II
• Safe, acceptable
• Probably useful

Level of Evidence:
• Generally higher levels of evidence
• Nonrandomized or retrospective studies: 

historic, cohort, or case control studies
• Less robust randomized controlled trials
• Results consistently positive

Class III
• May be acceptable
• Possibly useful
• Considered optional or alternative treat-

ments

Level of Evidence:
• Generally lower or intermediate levels of 

evidence
• Case series, animal studies, 	

consensus panels
• Occasionally positive results 

Indeterminate
• Continuing area of research
• No recommendations until further 

research

Level of Evidence:
• Evidence not available
• Higher studies in progress
• Results inconsistent, contradictory
• Results not compelling

 Class of Evidence Definitions

Each action in the clinical pathways section of Emergency Medicine Practice receives a score based on the following definitions. 

aDose for rivaroxaban doses > 10 mg or apixaban doses > 5 mg taken within previous 8 hr, and also for unknown doses or unknown last time of 

administration of these agents.
bDose for rivaroxaban doses ≤ 10 mg or apixaban doses ≤ 5 mg taken within the previous 8 hr, or for all known doses if last taken > 8 hr before infusion.

Note: Fresh-frozen plasma is unlikely to be effective for either DOAC class.

Abbreviations: 4F-PCC, 4-factor prothrombin complex concentrate; aPCC, activated prothrombin complex concentrate; DOAC, direct oral anticoagulant; 

CBC, complete blood cell (count); Cr, creatinine; eGFR, estimated glomerular filtration rate; IV, intravenous; PT, prothrombin time; PTT, partial 

thromboplastin time; TT, thrombin time.

Reversal for factor Xa inhibitors (Class IV):
•	 Coagulation factor Xa (recombinant), inactivated-zhzo (first-line, 

if available)
l      High dose: 800 mg IV, followed by 8 mg/min for 2 hra

l      Low dose: 400 mg IV, followed by 4 mg/min for 2 hrb

•	 4F-PCC 50 factor IX units/kg IV (also first-line, if coagulation 
factor Xa is not available or for edoxaban or betrixaban)

•	 aPCC 50 factor IX units/kg IV (second-line if 4F-PCC and 
coagulation factor Xa are unavailable)

Reversal for dabigatran (Class III):
•	 Idarucizumab, two 2.5-g IV infusions, given 15 minutes apart 

(first-line, if available)
•	 Either 4F-PCC or aPCC, 50 factor IX units/kg IV, if idarucizumab 

is unavailable (second-line)

Decision is made to reverse DOAC

Major bleed (critical site, hemodynamic instability, clinically 
overt bleeding with hemoglobin drop ≥ 2 g/dL or transfusion  
≥ 2 units packed red blood cells):

•	 Establish large-bore IV access
•	 Obtain PT/PTT
•	 If planning reversal, then consider:

l	     TT (if dabigatran) or anti-FXa (if FXa inhibitor)
•	 Consult:

l	 Hematology (if needed)
l	 Emergency medicine/hospital pharmacist
l	 Surgery/interventional radiology/gastroenterology/

neurosurgery (depending on location of bleeding)
l	 Critical care team

•	 Administer tranexamic acid if within 3 hours of traumatic 
hemorrhage: 1 g IV bolus, then 1 g over 8 hr (Class II)
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with renal failure in all groups of ROCKET-AF had 
higher rates of both bleeding and stroke that did not 
differ between treatment group.111 RE-LY excluded 
patients with CrCl < 30 mL/min from evaluation of 
dabigatran’s effect.11 Edoxaban dosing in patients 
with renal dysfunction is halved.31,78 Apixaban, 
with relatively lower renal clearance, has been 
used more often in patients with end-stage renal 
disease, and a retrospective cohort did not suggest 
worsened bleeding rates compared to warfarin.24,112 
Apixaban dosing adjustments are noted in the 
“Apixaban”section on page 4. 
	 A 2017 Cochrane review found similar efficacy, 
without increased risk of major bleeding, using 
DOACs in patients with eGFR > 30 mL/min (chronic 
kidney disease stages 3b or better) compared to 
patients with normal renal function. They found 
limited evidence for safety below this eGFR level.113 
Decisions to reverse the anticoagulant effect of 
DOACs in the setting of major bleeding should not 
be different in patients with low eGFR or end-stage 
renal disease.

 Controversies and Cutting Edge 

Treatment of Ischemic Stroke in Patients 
Taking Direct Oral Anticoagulants 
In cases of acute ischemic stroke in patients on  
DOACs, the safety and efficacy of IV thromboly-
sis with recombinant tissue plasminogen activator 
(rt-PA) or endovascular therapy continues to be 
debated. Although DOACs reduce the risk of stroke 
in patients with atrial fibrillation, the rate of stroke 
with DOACs in large trials is approximately 1.2% 
per year.11,24 
	 Current guidelines do not recommend admin-
istration of rt-PA if it is < 48 hours since last DOAC 
use, unless laboratory testing specific to these 
agents shows normal results.114 The AHA suggests 
that INR and aPTT be normal in all cases, and that 
ECT and TT be tested for dabigatran, with cali-
brated anti-FXa level testing for the FXa inhibitors. 
AHA registry data including 251 patients who re-
ceived rt-PA while taking DOACs, as well as cohort 
analysis of 26 ROCKET-AF trial patients, suggest 
that the risk of intracranial hemorrhage is similar 
both to patients on warfarin with INR < 1.7 and to 
patients not on any anticoagulation who are given 
rt-PA.115,116 For the 3 groups in the trial (taking 
DOACs, on warfarin with low INR, and not taking 
an anticoagulant), rates of symptomatic intracranial 
hemorrhage after rt-PA in the AHA Stroke Registry 
were 4.8%, 4.9%, and 3.9%, respectively, for these 
3 groups.116 Given the retrospective nature of this 
data, we cannot exclude the possibility of increased 
risk of adverse events with rt-PA administration in 
patients on DOACs. 

Vitamin K
There are no data to support the routine use of vita-
min K with DOACs, due to differences in the mecha-
nism of action as well as the long time to effect of 
vitamin K when compared to the short half-life of 
the DOACs. 

Hematology Consultation/Transfer
Given the time-sensitive nature of bleeding, the deci-
sion to reverse a DOAC with specific agents should 
be considered to be within the scope of practice for 
emergency physicians. While consultant support 
structures provide valuable recommendations for 
complex cases, reliance on emergent hematology 
consultation can delay treatment in life-threatening 
situations. We recommend that hematology experts 
be involved in the development of institutional re-
versal policies for implementation in the ED setting. 
In the setting where a facility lacks access to appro-
priate specific reversal agents or subspecialty teams 
capable of treating a major hemorrhage, consider-
ation should be given to patient transfer after initial 
efforts at stabilization.

 Special Circumstances/Populations 

Patients With Valvular Disease
Patients with mechanical heart valves were excluded 
from the major DOAC trials, and a trial of dabiga-
tran in mechanical heart valves was stopped early 
due to unacceptable bleeding and thromboembolic 
complications in the dabigatran group.78,106 The 
American College of Cardiology guidelines state 
that DOAC use is reasonable in patients with atrial 
fibrillation and native valve disease.107,108

Pregnant, Breastfeeding, and Pediatric 
Patients
Package inserts for all the DOACs urge caution with 
use among pregnant patients, breastfeeding patients, 
and children.78 A case series of 233 pregnancies that 
occurred among patients taking a DOAC reported 
high rates of miscarriage and elective termination, 
but low rates of embyropathy.109

Patients With Renal Impairment
All of the DOACs require some degree of renal 
elimination, and therefore their use in patients with 
low GFR must be cautioned. Current guidelines 
from the Anticoagulation Forum recommend avoid-
ing use of dabigatran and rivaroxaban for patients 
with CrCl < 30 mL/min, and avoiding the use of 
edoxaban and betrixaban with CrCl < 15 mL/min.78 
Although patients with reduced renal function in the 
ROCKET-AF trial did not have worse outcomes with 
rivaroxaban compared to warfarin, a dose adjust-
ment from 20 mg/day to 15 mg/day was used for 
patients with CrCl of 30 to 49 mL/min.18,110 Patients 
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bleeds per 100 patient-years. A score of 3 on ORBIT 
is medium risk, with 4.7 bleeds per 100 patient-
years, and alternatives may be considered at this 
level or above.
	 For the HAS-BLED score, a score of 0 or 1 is low 
risk, with rates < 1.13 bleeds per 100 patient-years. 
A score of 2 reflects moderate bleeding risk (1.88 
bleeds per 100 patient-years), and anticoagulation 
alternatives should be considered with scores > 2. 
	
Hemodialysis for Dabigatran Removal
Multiple small case series have described suc-
cessful removal of dabigatran from circulation 
using hemodialysis.122 Extracorporeal removal of 
dabigatran is effective, given its small size and low 
protein binding; however, for FXa inhibitors, the 
higher protein binding would not be amenable to 
removal via the same method, and no studies have 
been published using dialysis for removal of FXa 
inhibitors. Intermittent hemodialysis may reduce 
the half-life of dabigatran to < 4 hours, and intermit-
tent hemodialysis is more efficient than continuous 
renal replacement therapy for this purpose. Dialysis 
catheters should be placed in compressible locations 
in case bleeding occurs during the procedure. Now 
that a specific reversal agent has been approved for 

	 Likewise, although endovascular thrombectomy 
has become a cornerstone of stroke therapy, the 
major trials of this technology did not include large 
numbers of patients on DOACs.117 An observational 
study of 28 patients on DOACs who received endo-
vascular therapy found intracranial hemorrhage in 
13 patients (46%), although only 1 (4%) was symp-
tomatic, with the study concluding that this therapy 
is safe but requires further study.117 
	 These results indicate that, in consultation with 
the stroke team, IV thrombolysis or endovascular 
thrombectomy may still be considered in select pa-
tients on DOACs, although shared decision-making 
must be undertaken to ensure that the patient and 
family understand the risks.

Scoring Systems for Bleeding Risk
The HAS-BLED score has been used since 2010 to 
determine bleeding risk in patients with atrial fibril-
lation, but it is designed for patients taking warfarin 
and includes assessment of INR lability and time in 
therapeutic range for VKAs.118,119 The ORBIT score 
was validated in a cohort that included patients on 
DOACs and is similarly easy to use, but it does not 
include reference to INR values.120 Although another 
score, the ABC score, has demonstrated slightly 
better prediction characteristics for bleeding risk, its 
requirement for biomarker measurements, including 
high-sensitivity troponin and GDF-15, significantly 
limits its practical value.121 To assess bleeding risks 
quantitatively, we recommend either the ORBIT or 
HAS-BLED score, in conjunction with clinical histo-
ry, be used in patients with atrial fibrillation or VTE 
who are starting DOACs in the ED (See Table 3.) 
	 Using the ORBIT score, totals of 0 to 2 are 
considered low bleeding risk, with an estimated 2.4 

Table 3. Scoring Systems for Bleeding Risk

ORBIT120 HAS-BLED119

Variable Points Variable Points

Older age (> 74 years) 1 Elderly (age > 65 years) 1

Reduced hemoglobin (< 13 mg/dL for men, < 12 mg/dL for 

women)

2 Labile INR (or time in therapeutic range < 60%) 1

Bleeding history 2 Bleeding (history or predisposition) 1

Insufficient kidney function (GFR < 60 mL/min/1.73m2) 1 Renal disease (dialysis, transplant, Cr > 2.26 mg/dL) 1

Treatment with antiplatelet therapy 1 Antiplatelet or NSAID therapy 1

 Stroke history 1

Hypertension (uncontrolled, > 160 mm Hg SBP) 1

Liver disease (cirrhosis or bilirubin > 2x normal with  

AST/ALT/ALP > 3x normal) 

1

Drug use or alcohol use ≥ 8 drinks/week 1

Abbreviations: ALP, alkaline phosphatase; ALT, alanine transaminase; AST, aspartate aminotransferase; Cr, creatinine; GFR, glomerular filtration 

rate; HAS-BLED, hypertension, abnormal liver/renal function, stroke history, bleeding predisposition, labile INR, elderly, drug/alcohol usage; INR, 

international normalized ratio; NSAID, nonsteroidal anti-inflammatory drug; ORBIT, older, reduced hemoglobin, bleeding history, insufficient kidney 

function, treatment with antiplatelets; SBP, systolic blood pressure.

Online tools for assessing bleeding risk 
are available at www.MDCalc.com:

•	 ORBIT: www.mdcalc.com/
orbit-bleeding-risk-score-atrial-
fibrillation

•	 HAS-BLED: www.mdcalc.com/has-bled-
score-major-bleeding-risk
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Patients with an elevated CHA2DS2-VASc score ≥ 1 
in a man or ≥ 2 in a woman can start maintenance 
therapy, without bridging, using a DOAC that is the 
preferred therapy for nonvalvular atrial fibrillation 
in eligible patients.118 In new cases of atrial fibril-
lation, initiation of anticoagulation in the ED was 
evaluated in a prospective cohort of 1162 patients, 
and it demonstrated reduced mortality and no 
increased risk of bleeding, although only 7.8% of 
patients received DOACs in that study.132

	 For patients with VTE, both dabigatran and 
edoxaban can be started following 5 days of anti-
coagulation with heparin or LMWH, but apixaban 
or rivaroxaban may be started without bridging 
therapy.14,20,27,31,32 Case control and prospective co-
hort studies of this practice, comparing rivaroxaban 
to LMWH-warfarin for treatment of VTE have sug-
gested the potential for cost savings with low risk of 
hemorrhagic complications.133,134 
	 The American College of Emergency Physicians 
(ACEP) Clinical Policy on acute VTE, published in 
May 2017, endorses the option of initiating treat-
ment in the ED for VTE, with discharge the same 
day for low-risk patients, with a Level C recom-
mendation.135 Both the American Thoracic Society 
(ATS) and British Thoracic Society (BTS) also suggest 
consideration of home treatment of PE and DVT in 
select patients (ATS, Grade 2B; BTS, Grade B).49,136 
The ACEP policy and ATS/BTS guidelines recom-
mend either the PESI (pulmonary embolism severity 
index), simplified PESI, or Hestia criteria be used 
to risk stratify patients with PE to a low-risk group 
that is appropriate for discharge.137-139 Although the 
degree of clot burden, presence of right ventricular 
dysfunction on imaging, and troponin and brain na-
triuretic peptide measurements have been discussed 
as possible additions, none of these are currently 
included in these risk stratification tools. 
	 The trials evaluating outpatient treatment of PE 
have significant heterogeneity regarding recruitment 
practices, exclusion criteria, and anticoagulation 
regimens, and most older trials used LMWH/VKA 
regimens for their outpatient therapy. An open-label 
trial randomized 114 low-risk patients (by the Hestia 
criteria) to treatment with rivaroxaban with early 
discharge or to standard of care, finding reduction of 
hospital days and costs with discharge, but otherwise 
similar outcomes.140 When considering discharge 
of patients with newly diagnosed PE/DVT in addi-
tion to the use of a scoring system to assess risk, we 
suggest performing shared decision-making with the 
patient regarding risks of this therapy. Development 
of institutional policies that ensure rapid outpatient 
follow-up and availability of support should also 
contribute to the safety of an outpatient disposition. 
	 Since no high-quality comparison studies 
have been undertaken between DOAC agents, no 
strong recommendation for choosing a particular 

dabigatran, the role of hemodialysis for overdose 
may be limited. 

Viscoelastic Testing
Some of the more specific tests for anticoagulant 
activity of the DOACs may provide delayed results 
that limit their utility in the ED. Viscoelastic testing, 
including thromboelastography (TEG) and rota-
tional thromboelastometry (ROTEM) tests, has been 
used as a point-of-care assay to evaluate for coagu-
lopathy in trauma patients and to guide resuscita-
tion.123,124 Several studies have examined the utility 
of viscoelastic testing to detect presence of DOACs, 
with varying results.55,125-128 Overall, prolongation of 
clotting time on ROTEM and R time on TEG appear 
to correlate with concentration, but these tests have 
not emerged as a gold standard to determine antico-
agulant effect of DOACs. In some cases, normal, or 
even paradoxically hypercoagulable patterns, may 
emerge on viscoelastic testing.127 

Ciraparantag
A new type of “universal” anticoagulant reversal 
agent, ciraparantag (PER977, aripazine) remains 
under investigation but has a potential role in the 
reversal of all DOACs (DTI and FXa inhibitors) as 
well as LMWH and unfractionated heparin.129 This 
agent binds and inactivates all of these agents and 
does not appear to have a procoagulant effect. Clini-
cal trials have shown rapid and durable reversal of 
edoxaban effect, but further trials as well as FDA 
approval are needed for this agent.130,131

 Disposition 

Patients Currently Taking Direct Oral 
Anticoagulants
There remains no high-quality evidence to guide 
disposition decisions regarding patients on DOACs 
after evaluation for trauma or a potential bleeding 
episode in the ED. A checklist has been proposed 
for inpatients starting these medications to enhance 
safety.78 Patients considered for discharge should be 
reliable for follow-up or have caretakers to monitor 
them, have no worsening of renal or hepatic func-
tion from baseline, and be without major short-term 
risk of hemorrhagic event. We recommend that all 
patients who receive pharmacological reversal of 
coagulopathy for major bleeding be admitted to the 
hospital, with strong consideration of intensive care 
unit placement if bleeding and coagulopathy are not 
definitively controlled.

Emergency Department Initiation of Direct 
Oral Anticoagulants 	
For patients with newly diagnosed VTE or atrial 
fibrillation who require anticoagulation, consider-
ation should be given to DOAC initiation in the ED. 
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1.	 “The patient denied taking warfarin or enoxa-
parin for his DVT, but we didn’t ask about 
other anticoagulants.“ 
DOACs are now being prescribed frequently, 
and patients should be questioned specifically 
about these medications if they have a condition 
that indicates they might be using them.

2.	 “The patient had a totally normal neurological 
exam after her head trauma, so I didn’t order 
any imaging.” 
Patients on anticoagulants have increased risk of 
intracranial and intracerebral hemorrhage, and 
they can rapidly worsen without treatment.

3.	 “We gave FFP for reversal of the dabigatran, 
but it didn’t seem to help.” 
FFP is ineffective for reversal of a DTI 
such as dabigatran, but a specific antidote, 
idarucizumab, does exist. 

4.	 “Getting the reversal agent took hours for the 
consultants to approve, and the patient deterio-
rated in that time.” 
Having prewritten protocols can help to speed 
and clarify reversal procedures for DOACs. 

5.	 “The INR was below 2.0, so I didn’t think the 
anticoagulation effect was present.” 
Standard coagulation testing is insensitive for 
evaluating DOAC anticoagulant effect, and 
even normal results can be present, despite 
therapeutic levels of medication.

6.	 “The patient kept taking his regular dose of 
dabigatran, even after he started missing dialy-
sis sessions – why did he bleed?” 
All of the DOACs are renally cleared, and with 
a low GFR, anticoagulation effects may be 
unpredictable. 

7.	 “The patient described being lightheaded, but 
she never mentioned her melena.” 
Patients on anticoagulants are at higher risk of 
GI bleeding.

8.	 “I called nephrology to ask about dialysis for 
the rivaroxaban overdose, but they were very 
unhelpful.” 
FXa inhibitors are not removed by hemodialysis, 
although dabigatran can be, since it has lower 
protein binding.

9.	 “I didn’t think the patient would be at risk of 
clotting after DOAC reversal.” 
Reversing DOACs can put patients at higher risk 
of new thrombosis, and discussion of the risks 
and benefits of reversal should be documented, 
if possible. 

10.	 “He denied taking warfarin before he got 
stroke thrombolysis, but we only found out 
about the DOAC after his subsequent intracra-
nial hemorrhage.” 
Safety of thrombolysis while taking DOACs 
remains in question, and rt-PA use in this setting 
remains controversial. Neurology consultants 
may be beneficial in these cases to direct therapy. 

Risk Management Pitfalls for Patients Taking  
Direct Oral Anticoagulant Agents

medication can be given at this time. Patient insur-
ance, drug costs, dosing schedule (either once daily 
or twice daily), hospital formulary options, and 
primary caregiver preferences should all factor into 
prescription choice. VKAs can also be discussed as 
an option for patients and clinicians who feel more 
comfortable using warfarin, since they have the lon-
gest record of clinical use and the most data regard-
ing safety outcomes and monitoring. Warfarin may 
also be less expensive than DOACs in some cases, 
although quality of life considerations and costs of 
monitoring should be considered when discussing 
options with patients. Pharmacy, case management, 
and social work consultants may help with options 
for patients who would be suited for DOACs but 
find the cost prohibitive. 
	 Based on very low-quality evidence, consider-
ation may be given to starting either apixaban or 

edoxaban for patients with higher risks for bleed-
ing.118 In a large Danish observational cohort fol-
lowing patients with atrial fibrillation up to 4 years, 
apixaban had lower adjusted rates of 30-day and 
total major bleeding, defined by hospitalization, 
compared to rivaroxaban or dabigatran.141 In a retro-
spective cohort study of patients with atrial fibril-
lation in a United States insurance database, both 
apixaban and dabigatran had lower risks of major 
bleeding, with apixaban also having lower risk of 
stroke.142 Neither study included edoxaban, which 
had low rates of bleeding in comparison to warfa-
rin in clinical trials, and further studies are needed 
to determine risks for edoxaban during expanded 
clinical use. Both of these studies used statistical 
adjustment to match patients on different agents, 
and caution should be applied in interpreting these 
findings causally. 
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 Case Conclusions 

Your first patient on apixaban with traumatic subdu-
ral hematoma received initial resuscitation focusing on 
maintenance of the airway, breathing, and circulation, as 
appropriate for head trauma. After reviewing your hos-
pital’s policy on DOAC reversal and local availability of 
specific reversal agents for this DOAC, you administered 
a dose of 4-factor PCC at 50 units/kg in the ED. He was 
admitted to the neurosurgical ICU for continued care, and 
a repeat CT of the head showed no interval expansion of 
the hemorrhage. 
	 The patient with the intentional overdose of mul-
tiple medications underwent similar stabilization, and 
labs were sent, including thrombin time, to evaluate for 
the effect of dabigatran. The results were elevated, and a 
toxicology consult was called. Use of idarucizumab as a 
specific antidote was considered, but because there was no 
active bleeding, the patient was observed in the ICU with 
frequent neurological checks. The patient recovered and 
went on to receive further psychiatric care. 
	 Your last patient with the DVT underwent a full lab 
evaluation to determine the best treatment for his throm-
bus. His renal and hepatic function were both normal, 
so you prescribed rivaroxaban 15 mg twice daily for 
treatment of the clot, with the first dose starting today. 
The patient was at low risk for adverse events, so after 
engaging in shared decision-making with the patient and 
discussion with his PCP, you discharged him from the ED 
for follow-up with his PCP in the next 2 days. 

 Summary 
 
Frequency of DOAC use in the population is in-
creasing, and knowledge of the risks and reversal 
strategies for these agents has now become essential 
for emergency clinicians. These medications have 
distinct advantages for both patients and providers 
in the management of anticoagulation, since they 
do not require monitoring as frequently and have 
relatively short half-lives, but evaluating their anti-
coagulant effect in the ED remains complex. Since 
the last review on this topic, additional information 
regarding the longer-term outcomes with DOACs 
has emerged, and specific reversal strategies are now 
available. However, the treatment of bleeding epi-
sodes on DOACs continues to evolve, based on the 
costs and benefits of these agents. Familiarity with 
the newer reversal agents should accompany their 
increased availability within the community. 
	 For now, hospital guidelines for anticoagulant 
reversal should follow traditional strategies for 
general hemorrhage management and prevention of 
ongoing bleeding, while specifying instances where 
specific reversal agents, such as PCC and possibly 
coagulation factor Xa (recombinant) for FXa inhibi-
tors, plus idarucizumab for dabigatran, should be 
included. A collaborative and multidisciplinary 
approach to managing DOAC complications should 
also be the goal.

 Time- And Cost-Effective Strategies 

•	 Establishing protocols for rapid PCC adminis-
tration, including consideration of fixed-dose 
PCC in conjunction with hematology consul-
tants, can expedite administration of reversal 
agents. 

•	 Choosing a DOAC over VKA for newly diag-
nosed VTE may allow for safe discharge with a 
reduced risk for bleeding complications.

•	 Using specific and effective reversal agents (eg, 
idarucizumab) may improve outcomes over 
nonspecific agents, such as PCC or factor VII. 

•	 Limiting DOAC-specific testing to situations 
with major bleeding risk or possible indica-
tions for reversal agents can save laboratory 
resources. 

Don’t forget... 

POINTS & PEARLS
is your 2-page Digest summary of this issue. It's 
always available, along with the full PDF, HTML, 
and podcast, at:

www.ebmedicine.net/topics
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5. 	 The most sensitive test to determine the effect 
of dabigatran is:
a.	 Prothrombin time (PT)/international 

normalized ratio (INR)
b.	 Thromboelastography
c.	 Anti-Xa level
d.	 Thrombin time

6.	 The test of choice for monitoring rivaroxaban 
activity is:
a.	 PT
b.	 Partial thromboplastin time
c.	 Thrombin time
d.	 Anti-factor Xa

7. 	 Based on the best available evidence, the best 
treatment for bleeding associated with factor 
Xa inhibitors is:
a.	 Tranexamic acid 
b.	 4-factor prothrombin complex concentrate
c.	 rFVIIa
d.	 Fresh-frozen plasma

8. 	 Because of its protein-binding characteristics, 
dialysis would eliminate which DOAC best?
a.	 Edoxaban
b.	 Dabigatran
c.	 Apixaban
d.	 Rivaroxaban

9. 	 What scoring system can assess bleeding risk 
in patients on DOACs with atrial fibrillation 
without requiring laboratory testing of tropo-
nin or INR?
a.	 PESI
b.	 HAS-BLED
c.	 ABC
d.	 ORBIT

10.	 For a patient with a newly found pulmonary 
embolism (PE) to be considered for discharge 
from the ED, which of the following scales can 
screen them as being at “low risk?”
a.	 Well’s criteria for PE
b.	 PERC (PE rule-out criteria) rule for PE
c.	 PESI (PE severity index)
d.	 SIRS (systemic inflammatory response system) 
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1. 	 The mechanism of action of apixaban is: 
a.	 To reduce the synthesis of factor X
b.	 To directly inhibit the synthesis of thrombin
c.	 To directly inhibit the action of thrombin
d.	 The same as the mechanism of action of 

rivaroxaban

2. 	 The defining feature of the pharmacokinetics 
of DOACs as compared to warfarin is:
a.	 More cytochrome P450 interactions
b.	 Reduced renal clearance
c.	 Dramatically shorter half-life
d.	 Slower time to maximum effect

3. 	 For a patient who wants to take a DOAC for 
atrial fibrillation, but would only be able to 
take once-daily dosing, what is the best op-
tion?
a.	 Rivaroxaban
b.	 Dabigatran
c.	 Apixaban
d.	 Betrixaban

4.	 Which of the following problems might limit 
your evaluation of patients on DOACs?
a.	 Unlike warfarin, DOACs are undetectable 

by laboratory tests available in the ED.
b.	 Gastrointestinal bleeding on DOACs is more 

likely to be unnoticed by patients.
c.	 Patients on DOACs may not be recognized 

as taking anticoagulants by prehospital 
providers.

d.	 Patients on DOACs require different 
medications during intubation.
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Points
• The main cause of death in severe facial injury is 

airway obstruction. As with any trauma, perform 
ABCDE’s first.

• Signs of cerebrospinal fluid (CSF) leak include clear 
rhinorrhea, subcutaneous emphysema, mental status 
changes, new malocclusion, or limited extraocular 
movements. Studies have shown that a persistent 
CSF leak increase the risk for future meningitis. 

• Midface bleeding can be difficult to control. Even 
relatively minor facial injuries (such as nasal 
fractures and displaced mandibular fractures) may 
cause continued slow bleeding that may lead to 
eventual need for aggressive resuscitation.

• Frontal sinus fractures occur only with high-impact 
trauma. A retrospective review showed that frontal 
sinus fractures rarely occurred in isolation and were 
often associated with intracranial injuries. Long-term 
sequelae of these fractures include chronic sinusitis, 
mucocele, mucopyocele, meningitis, brain abscess, 
frontal osteomyelitis, and CSF leak.

• Even soft-tissue injuries to the maxillofacial region 
may have associated injuries to the cervical spine. 
Injuries to the midface are most likely associated 
with C5-C7 disruption; injuries to the lower face are 
likely associated with C1-C4 disruption.

• Displaced zygoma fractures require treatment within 
10 days. Untreated fractures may cause cosmetic 
deformity or limited mandibular movement. Patients 
should be instructed to apply pressure to the affected 
side and to avoid nose-blowing.

• Initial management of orbital trauma includes ice 
for 48 hours, elevation of the head of the bed, nasal 
decongestants, a broad-spectrum antibiotic, nonste-
roidal anti-inflammatory drugs, and avoidance of 
nose-blowing and Valsalva maneuvers.

• Orbital compartment syndrome from ocular hema-
tomas may result in irreversible blindness. Orbital 
compartment syndrome is a clinical diagnosis, and 
early recognition is necessary to allow for emergent 
orbital decompression via lateral canthotomy.

• Prophylactic antibiotics for facial trauma is contro-
versial. Several studies have reported a decrease in 

infection rates in mandibular, zygomatic, and Le 
Fort fractures when patients were given antibiot-
ics perioperatively. Current evidence has shown 
that giving antibiotic prophylaxis beyond 24 
hours perioperatively or postoperatively had no 
significant additional benefit to the patient.

• Prior studies have shown that septal abscesses 
(potential sequelae from septal hematomas, if left 
untreated) may lead to perforation or permanent 
saddle-nose deformity. A septal hematoma should 
be incised, aspirated, and packed immediately. 
Packing should be removed within 3 to 4 days.

Maxillofacial Trauma: Managing Potentially 
Dangerous And Disfiguring Complex Injuries

Severe maxillofacial trauma should prompt 
brain and cervical spine imaging. 

Always perform a full neurological examina-
tion to assess for nerve and muscle entrapment 
in the head and neck. 

Reassess hematomas and soft-tissue edema af-
ter initial stabilization; better to detect impend-
ing airway compromise early.

Ultrasound for ocular injuries and fractures is 
fast, effective, cheap, and safe.

Pearls
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Why to Use 
Patients requiring serial blood testing (serial 
troponin markers, typically at 0 and 6 hours, to 
rule out myocardial infarction) and further risk 
stratification require an extended ED evaluation 
or hospital admission, leading to crowding, bed 
allocation problems, and exposure of patients 
to side effects of increased testing. The study 
authors were able to find a group of low-risk 
patients (~45%) who could be safely discharged 
from the ED after 2 biomarkers just 2 hours 
apart, along with ECG, history, and physical 
examination. 

When to Use
Use in patients with chest pain or other anginal 
symptoms requiring evaluation for possible 
ACS, who may potentially be at low risk and ap-
propriate for early discharge from the ED.

Next Steps
• For low-risk patients, consider other causes 

of chest pain due to aortic, esophageal, 
pulmonary, cardiac, abdominal, or musculo-
skeletal sources prior to discharge.

• For non–low-risk patients, physicians should 
use best judgment to work up and treat as 
per usual chest pain protocols, including but 
not limited to consideration of aspirin, nitro-
glycerin, and serial ECGs and biomarkers.

Abbreviations: ED, emergency department; ECG, 
electrocardiogram.

Points & Pearls
• The EDACS accelerated diagnostic protocol 

(EDACS-ADP) study included any symptoms 
lasting longer than 5 minutes that the attending 
physician thought were worth working up for 
possible acute coronary syndromes (ACS). This 
is a broader definition than other studies, such 
as the Vancouver Chest Pain Score, which only 
included chest pain patients. 

• Like other chest pain evaluation studies, the pri-
mary outcome for the EDACS-ADP study was a 
major adverse cardiac event (MACE), as defined 
by any of the following:
 - ST-elevation or non-ST-elevation myocardial 

infarction
 - Requiring an emergency revascularization 

procedure
 - Death from cardiovascular causes
 - Ventricular arrhythmia
 - Cardiac arrest
 - Cardiogenic shock
 - High atrioventricular block

• The goal of these rules is to identify a low-risk 
population of patients who need less testing 
than other, higher-risk patients. As a rule-out 
calculator, the EDACS is good at identifying 
who is relatively safe to go home (highly sensi-

Click the thumbnail above to 
access the calculator.

Emergency Department Assessment 
of Chest Pain Score (EDACS)
Introduction: The EDACS identifies patients with chest pain who 
are at low risk for a major adverse cardiac event.
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 Abstract 

As bariatric procedures have become more common, more of 

these patients present to the emergency department postop-

eratively. The most common complaints in these patients are 

abdominal pain, nausea, and vomiting, though each of the 

surgical procedures will present with specific complications, 

and management will vary according to the surgical procedure 

performed. Computed tomography is often the primary imag-

ing modality, though it has it limits, and plain film imaging is 

appropriate in some cases. This review presents an overview of 

the various bariatric procedures, highlighting the potential com-

plications of each, both surgical and nonsurgical, and provides 

evidence-based recommendations regarding patient manage-

ment and disposition. 
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Upon completing this article, you should be able to:
1. Describe the life-threatening etiologies of abdominal pain and 

how they present.2. Identify the most commonly missed diagnoses in abdominal 

pain.
3. Identify the “high-risk” patient with abdominal pain.

4. Order imaging and laboratory testing that is most appropriate 

according to history and clinical presentation.Prior to beginning this activity, see “CME Information”  
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Assessing Abdominal Pain in Adults: A Rational, Cost-Effective, and Evidence-Based Strategy Abstract 
The management of abdominal pain has changed significantly 

in the past 20 years, with increasing emphasis on identifying 

patients who are at high risk for occult pathology and worse 

outcomes. Emphasizing safe disposition over diagnosis, this 

issue identifies the important aspects of the history and physical 

examination, explores strengths and weaknesses of laboratory 

evaluations, and summarizes the pros and cons of the many 

types of imaging now available. With abdominal pain still the 

most common chief complaint seen in the emergency depart-

ment, a new look at the evolution of assessment strategies is in 

order, such as new recommendations on the use of oral contrast, 

managing HIV patients on highly active antiretroviral therapy, 

maximizing use of bedside ultrasound, when and how to offer 

pain relief, and the value of serial examinations and observation 

to reduce costs and improve care.
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First Trimester Pregnancy 
Emergencies: Recognition 
and Management
 Abstract 

Timely management of patients presenting to the ED while in their first trimester of pregnancy can improve outcomes for both the patient and the fetus. Common obstetric problems encoun-tered include vaginal bleeding and miscarriage, ectopic preg-nancy and pregnancy of undetermined location, and nausea and vomiting of pregnancy, including hyperemesis gravidarum. Optimal diagnostic approaches and management strategies are covered, including which antiemetics are safe to give in preg-nancy. Common nonobstetric problems include asymptomatic bacteriuria, urinary tract infections including pyelonephritis, and acute appendicitis. This article also reviews the various im-aging modalities available for pregnant patients and reviews the risks of ionizing radiation as well as various contrast media.
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Points & Pearls 
•	 The derivation and validation studies for the ORBIT 

score (older, reduced hemoglobin, bleeding history, 
insufficient kidney function, treatment with anti-
platelets) defined major bleeding as fatal bleeding, 
symptomatic bleeding in a critical organ, or bleed-
ing with a hemoglobin drop requiring transfusion of 
≥ 2 units of blood (O’Brien 2015).

•	 The ORBIT score does not consider the choice 
of anticoagulant. 

•	 Unlike the HAS-BLED score (hypertension, 
abnormal liver/renal function, stroke history, 
bleeding predisposition, labile international nor-
malized ratio, elderly, drug/alcohol usage), the 
ORBIT score was derived in a patient popula-
tion that included patients who received vitamin 
K antagonists (eg, warfarin) as well as patients 
who received direct oral anticoagulants.

•	 Unlike the HAS-BLED score, the ORBIT score 
does not consider the time in therapeutic range, 
as there is no reliable or readily available objec-
tive measure for therapeutic range of the direct 
oral anticoagulants. 

Critical Actions 
Risk assessment is multifactorial for both stroke risk 
and bleeding risk.

Click the thumbnail above 
to access the calculator.

ORBIT Bleeding Risk Score for  
Atrial Fibrillation
The ORBIT score predicts bleeding risk in patients who are 
taking anticoagulants for atrial fibrillation.
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Why to Use
The ORBIT score is not superior to the HAS-BLED 
score (see the “Evidence Appraisal” section), but it 
was derived more recently and has been validated 
in the era of direct oral anticoagulants, so it may 
be more useful. The ORBIT score can be used in 
conjunction with the CHA2DS2-VASc score to risk 
stratify patients for clinically significant bleeding 
and help guide decisions about anticoagulation 
for stroke prevention. 
 
When to Use
The ORBIT score is used for patients with 
atrial fibrillation for whom treatment with oral 
anticoagulants is being considered.

Next Steps 
The presence of risk factors that are not included 
in the ORBIT score may influence the clinician’s 
decisions regarding anticoagulation in patients 
with atrial fibrillation. Patient preferences and 
values should also inform these decisions, in the 
context of the risks and benefits of taking oral 
anticoagulants for stroke prevention.

Evidence Appraisal 
Stroke prevention is part of the management plan 
for patients with atrial fibrillation. The CHADS2 or 
CHA2DS2-VASc scores are often used to calculate 
stroke risk in patients with atrial fibrillation. Drug 
therapies for stroke prevention can include anti-
platelet therapy (eg, aspirin) or anticoagulation, 
depending on the risk for stroke; however, antico-
agulation also creates bleeding risk. Other bleeding 
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risk scores include HAS-BLED, ATRIA, and others; 
among these scores, HAS-BLED is best validated 
and likely the most used. 
	 O’Brien et al (2015) derived and validated the 
ORBIT score as a way to assess bleeding risk in 
patients with atrial fibrillation. Derivation was based 
on data from ORBIT-AF, a prospective registry of 
patients with atrial fibrillation from 176 sites in the 
United States. Of the 10,132 patients in the registry, 
7411 were analyzed (2721 patients were excluded 
because they were not on oral anticoagulants or 
because there were no follow-up data available). 
Major bleeding was defined as fatal bleeding, symp-
tomatic bleeding in a critical organ, or bleeding with 
a hemoglobin drop requiring transfusion of ≥ 2 units 
of blood. The simplified 5-item ORBIT score was 
based on the 5 predictors with the strongest asso-
ciation with major bleeding. 
	 The authors also validated the ORBIT score with 
data from the ROCKET-AF trial, a cohort of patients 
receiving either once-daily rivaroxaban or a vitamin 
K antagonist. The validation study showed that the 
ORBIT score had better discrimination than ATRIA 
or HAS-BLED (C statistic = 0.67, 0.66, and 0.64, 
respectively). 
	 Subsequent studies in different patient popula-
tions did not show the ORBIT score to be superior 
to the other scores. Senoo et al (2016) studied 2293 
patients in the AMADEUS trial and found that the 
HAS-BLED score performed better than the ORBIT 
score for predicting major bleeding (C statistic = 
0.65 and 0.61, respectively; P = .001). Esteve-Pastor 
et al (2016) found that the ORBIT score was not 
superior to the HAS-BLED score in predicting major 
bleeding in 406 patients who underwent electro-
cardioversion (C statistic = 0.82 and 0.77, respec-
tively; P = .08), or in 1276 patients with persistent 
atrial fibrillation who were in the FANTASIIA registry 
(C statistic = 0.70 and 0.63, respectively; P = .12). 
Wang et al (2017) conducted a meta-analysis that 
showed the HAS-BLED score to be superior to the 
ORBIT score in predicting major bleeding in 8079 
patients with anticoagulated, nonvalvular atrial fibril-
lation patients from the United States, Britain, Spain, 
and the Netherlands. 
	 The same studies also showed that the ORBIT 
score places more patients in the low-risk category 
than the HAS-BLED score, potentially underpredict-
ing the major bleeding risk for these patients (Senoo 
2016, Esteve-Pastor 2016, Wang 2017). This raises 
the concern that some at-risk patients may not be 
identified by the ORBIT score. Lip et al (2018) sug-
gest that the HAS-BLED score has higher sensitivity 
but lower specificity for major bleeding risk as com-
pared to the ORBIT score. As a result, care must be 
taken when clinically applying the results of either 
score.

Use the Calculator Now
Click here to access the ORBIT score on MDCalc.
 
Calculator Creator
Emily C. O’Brien, PhD
Click here to read more about Dr. O'Brien.
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pean Society for Cardiology. Patients were fol-
lowed up at 1 year for survival and major adverse 
cardiovascular events, such as major bleeding. 
(Major bleeding was defined as any bleeding that 
required hospitalization, caused a decrease in 
hemoglobin level of > 2 g/dL, or required blood 
transfusion, excluding hemorrhagic stroke.) 
	 Researchers performed a retrospective uni-
variate analysis to find potential bleeding risk 
factors when comparing the groups with and with-
out major bleeding at the 1-year follow-up, and 
developed the score based on the results of their 
analysis as well as known significant risk factors for 
major bleeding. Results showed that the annual 
bleeding rate increased with increasing risk fac-
tors, with an overall major bleeding rate of 1.5%.
	 These findings were validated in a study by 
Lip et al (2011), who studied the score in 7329 
patients with atrial fibrillation who participated in 
the SPORTIF clinical trial. They found a stepwise 
increase in rates of major bleeding with an in-
creasing HAS-BLED score (P for the trend < .0001, 
C statistic = 0.50-0.67).
	 Apostolakis et al (2012) compared the HAS-
BLED score with 2 alternative bleeding risk scores, 
HEMORRH2HAGES and ATRIA, using data from 
the AMADEUS trial cohort. AMADEUS was a 
multicenter randomized open-label noninferiority 
study comparing fixed-dose idraparinux (a novel 
oral anticoagulant) with warfarin or acenocouma-
rol (vitamin K antagonists) in nonvalvular atrial 
fibrillation. They found that the HAS-BLED score 
performed best for the primary endpoint of any 
clinically relevant bleeding. Patients in the co-

Points & Pearls 
•	 For patients with atrial fibrillation, the clini-

cal factors that contribute to stroke risk and 
support anticoagulation are frequently risk 
factors for bleeding as well. The HAS-BLED 
score (hypertension, abnormal liver/renal func-
tion, stroke history, bleeding predisposition, 
labile international normalized ratio [INR], 
elderly, drug/alcohol usage) was developed 
as a practical risk score to estimate the 1-year 
risk for major bleeding in patients with atrial 
fibrillation.

•	 The original HAS-BLED study provided risk 
percentages for given risk factors but did not 
stratify scores into low, medium, or high risk; 
subsequent studies have looked at risk strati-
fication using the score (see the “Evidence 
Appraisal” section).

•	 The performance of the HAS-BLED score has 
been shown to be superior to the ATRIA and 
HEMORR2HAGES scores, and similar to the 
ORBIT score.

•	 Clinicians should consider comparing the risk 
for major bleeding as calculated by the HAS-
BLED score to the risk for thromboembolic 
events by CHADS2 or CHA2DS2-VASc scores 
to determine whether the benefit of antico-
agulation outweighs the risk.

Critical Actions 
Risk assessment is multifactorial for both stroke 
risk and bleeding risk.

Evidence Appraisal 
The HAS-BLED score was developed by Pisters  
et al (2010) as a practical risk score to estimate 
the 1-year risk for major bleeding in patients 
with atrial fibrillation. The study included 5333 
ambulatory and hospitalized patients with atrial 
fibrillation from both academic and nonacademic 
hospitals in 35 member countries of the Euro-

Click the thumbnail above 
to access the calculator.

HAS-BLED Score for Major 
Bleeding Risk 
The HAS-BLED score estimates the risk of major bleeding for 
patients on anticoagulation, in order to assess risks and benefits 
in the care of patients with atrial fibrillation.

Why to Use
The HAS-BLED score can be used to help guide 
the decision on whether to start anticoagulation 
in patients with atrial fibrillation.
 
Next Steps  
The patient-specific risks and benefits of 
anticoagulation must be weighed carefully for 
all patients who are potential candidates for 
long-term anticoagulation therapy.

http://www.ebmedicine.net
https://www.mdcalc.com/has-bled-score-major-bleeding-risk
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hort were already at low risk for stroke and major 
bleeding, which differs from many real-life sce-
narios.
	 Roldán et al (2013) conducted a study com-
paring the HAS-BLED score with the ATRIA score 
as both quantitative and dichotomized variables 
(ie, low-medium vs high risk) in 937 outpatients 
with atrial fibrillation on anticoagulation who had 
stable INR, and found that the HAS-BLED score 
more accurately predicted major bleeding. There 
were some criticisms of the study related to po-
tential selection bias, as it excluded patients who 
were warfarin-naive and patients with unstable 
INR, and the study had limited applicability out-
side the clinic setting. 

Use the Calculator Now
Click here to access the HAS-BLED score on MDCalc.

Calculator Creator
Ron Pisters, MD, PhD
Click here to read more about Dr. Pisters. 
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