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A CASE-BASED APPROACH

OPTIMAL MANAGEMENT OF THE ANTICOAGULATED PATIENT WITH LIFE-THREATENING BLEEDING IN THE ED AND ICU: A CASE-BASED APPROACH

Dear Colleagues, 

This is an EMCREG-International Proceedings Monograph based on the two day October 13 & 14, 2020 VIRTUAL EMCREG-International Sym-
posiums titled Optimal Management of the Anticoagulated Patient with Life-Threatening Bleeding in the Emergency Department and 
Intensive Care Unit: A Case-Based Approach. You will find a detailed discussion regarding the current treatment of critically ill or injured 
patients with life-threatening bleeding who present to the ED or intensive care unit. This discussion is highlighted by the presentation of cases 
managed by experts in emergency medicine, critical care medicine, and trauma surgery. For emergency physicians, critical care physicians and 
hospitalists, the current approach and disease indications for treatment with anticoagulants such as coumadin, Factor IIa, and Factor Xa inhibitors 
are particularly relevant. When a patient treated with anticoagulants presents to the emergency department, intensive care unit, or operating 
room with severe, uncontrolled bleeding, the achievement of rapid controlled hemostasis is extremely important to saving the patient’s life.  

This EMCREG-International Monograph is divided into multiple sections. The first section provides a clinician-based description of the current 
indications for treatment of patients using oral anticoagulants including coumadin, the Factor IIa (thrombin) inhibitor dabigatran, and Factor Xa 
inhibitors such as apixaban and rivaroxaban. In the second section of this EMCREG-International Monograph, the treatment of anticoagulated 
patients presenting to the hospital with major bleeding becomes the focus. The replacement of blood components including red blood cells, 
platelets, and clotting factors is the major initial therapy for these individuals. Repletion or reversal of the anticoagulated state is also necessary. 
For patients treated with coumadin, infusion of vitamin K helps to initiate the process of protein synthesis. The repletion of vitamin K dependent 
coagulation proteins II, VII, IX, and X, as well as the anti-thrombotic protein C and protein S with four factor prothrombin complex concentrate 
(4F-PCCs) is the critical next step. For patients treated with the thrombin inhibitor dabigatran, therapy using the highly specific antibody derived 
idarucizumab has been demonstrated to reverse the hypocoagulable state for the patient. For patients receiving anticoagulation therapy using 
the Factor Xa inhibitors rivaroxaban and apixaban with life-threatening bleeding, andexanet alfa reverses the effect of these agents allowing 
hemostasis. Prior to the availability of andexanet alfa, therapy for patients treated with Factor Xa inhibitors presenting with severe bleeding 
typically included replacement of lost blood components including red blood cells, platelets, and clotting factors. A section is also included in 
this Proceedings Monograph discussing an algorithm developed by the EMCREG-International Severe Bleeding in the Anticoagulated Patient 
Consensus Panel in October 2018 which can serve as a model for clinicians to develop care algorithms at their own hospitals. The final sections 
of this EMCREG-International Monograph provide multiple case studies and management approaches for patients with life-threatening bleeding 
from the perspectives of the emergency physician, neurocritical and cardiovascular intensivists, and trauma/surgical critical care specialists. 

Our organization, the Emergency Medicine Cardiac Research and Education Group (EMCREG)-International was established in 1989 as an emer-
gency medicine cardiovascular and neurovascular organization led by experts from the United States, Canada, and across the globe. We now have 
Steering Committee members from the Australia, Belgium, Brazil, Canada, Czech Republic, France, Germany, Greece, Italy, Japan, Netherlands, 
New Zealand, Poland, Singapore, Spain, Sweden, Turkey, United Kingdom, and the United States. Now in our 32nd year, we remain committed 
to providing you with the best educational programs and enduring material pieces possible. In addition to our usual emergency physician audi-
ence, we now reach out to our colleagues in cardiology, critical care, internal medicine, family medicine, hospital medicine, emergency nursing, 
pharmacy, and allied health with our EMCREG-International University of Cincinnati College of Medicine Office of Continuing Medical Education 
(CME), and the University of Cincinnati Colleges of Nursing, Pharmacy, and Allied Health accredited symposiums and enduring materials. 

It is our sincere hope that you will find this EMCREG-International Proceedings Monograph, based on our VIRTUAL EMCREG-
International Symposiums held on October 13 and 14, 2020 focusing on the care of patients requiring anticoagulation having 
life-threatening bleeding, useful to you in your daily practice as an emergency physician, intensive care physician, hospitalist, car-
diologist, internist, and family physician. Instructions for obtaining CME credit from the University of Cincinnati College of Medicine  
Office of Continuing Medical Education are available at the conclusion of this January 2021 EMCREG-International Monograph. Thank 
you very much for your interest in EMCREG-International educational initiatives. We hope you visit EMCREG-International On the Go  
(www.emcreg.org/emcreg-on-the-go) as well as our EMCREG-International website (www.emcreg.org) for future educational events and publications. 

JANUARY 2021

W. Brian Gibler, MD, FACEP, FACC, FAHA
President, EMCREG-International
Professor of Emergency Medicine 
University of Cincinnati College of Medicine 
Cincinnati, Ohio USA



ii 

OPTIMAL MANAGEMENT OF THE ANTICOAGULATED PATIENT WITH LIFE-THREATENING BLEEDING IN THE ED AND ICU:  

WWW.EMCREG.ORG|  JANUARY 2021

Judy M. Racadio, MD
Associate Editor, EMCREG-International
Cincinnati, OH

W. Brian Gibler, MD (Editor)
President, EMCREG-International
Department of Emergency Medicine  
University of Cincinnati College of Medicine

Cincinnati, OH

William A. Knight IV, MD
Associate Professor of Emergency Medicine 
 and Neurosurgery
Department of Emergency Medicine
University of Cincinnati College of Medicine
Cincinnati, OH

CONTRIBUTING EDITORS AND AUTHORS:

Opeolu M. Adeoye, MD
Professor (with Tenure)   
Vice Chair of Research 
Department of Emergency Medicine
University of Cincinnati College of Medicine
Cincinnati, OH

Natalie P. Kreitzer, MD
Assistant Professor of Emergency Medicine,   
Neurosurgery/Neurocritical Care, Neurology 
Department of Emergency Medicine
University of Cincinnati College of Medicine
Cincinnati, OH

Arthur M. Pancioli, MD
Professor and Chair
Department of Emergency Medicine
University of Cincinnati College of Medicine
Cincinnati, OH

Jordan B. Bonomo, MD
Associate Professor of Emergency Medicine,  
  Neurosurgery/Neurocritical Care, Neurology  
Director, Emergency Medicine Critical Care 
Director, Neurocritical Care Fellowship
University of Cincinnati College of Medicine
Cincinnati, OH

James W. Hoekstra, MD
President, WFBH-High Point Medical Center
Professor of Emergency Medicine
Wake Forest Baptist Health
Winston-Salem, NC

Joshua M. Kosowsky, MD
Clinical Director
Department of Emergency Medicine
Vice Chair, Clinical Affairs
Assistant Professor, Harvard Medical School  
& Brigham and Women’s Hospital
Boston, MA

Gregory J. Fermann, MD
Professor and Executive Vice Chair
Department of Emergency Medicine
University of Cincinnati College of Medicine
Cincinnati, OH

Babak Sarani, MD
Professor of Surgery and Emergency Medicine
George Washington University School of Medicine
Director of Trauma and Acute Care Surgery   
Co-Medical Director of Critical Care 
George Washington University Hospital
Washington, DC



          iii 

A CASE-BASED APPROACH

OPTIMAL MANAGEMENT OF THE ANTICOAGULATED PATIENT WITH LIFE-THREATENING BLEEDING IN THE ED AND ICU: A CASE-BASED APPROACH

Accreditation and Designation of Credit

Th is  ac t i v i t y  has  been  p lanned  and  imp lemented  in  acco rdance  w i th  the  acc red i t a t i on  requ i rements  and  
policies of the Accreditation Council for Continuing Medical Education through the joint providership of the University of Cincin-
nati and EMCREG-International.  The University of Cincinnati is accredited by the ACCME to provide continuing medical education for  
physicians.  The University of Cincinnati designates this enduring material activity for a maximum of 3.0  AMA PRA Category I Credits™.  

Physicians should claim only the credits commensurate with the extent of their participation in the activity. The opinions expressed during 
this educational activity are those of the faculty and do not necessarily represent the views of the University of Cincinnati. Participants have 
an implied responsibility to use the newly acquired information to enhance patient outcomes and their own professional development.  The 
University of Cincinnati College of Medicine is committed to resolving all conflicts of interest issues that may arise as a result of prospective 
faculty member’s significant relationships with drug or device manufacturer(s). The University of Cincinnati College of Medicine mandate 
is to retain only those speakers with financial interests that can be reconciled with the goals and educational integrity of the program. 
 
In accordance with the ACCME Standards for Commercial Support the speakers for this course have been asked to 
disclose to participants the existence of any financial interest/and or relationship(s) (e.g. paid speaker, employee, paid con-
sultant on a board and/or committee for a commercial company) that would potentially affect the objectivity of his/her pre-
sentation or whose products or services may be mentioned during their presentation. The following disclosures were made:

Planning Committee and Faculty Disclosures:

Planning Committee Members:

  W. Brian Gibler, MD: Entegrion: Board Member, Advisor, Shareholder; EMCREG-International: Board Member, Shareholder 
  Bruce Gebhardt, MD: University of Cincinnati Reviewer – No relevant relationships 
  Judy Racadio, MD:  No relevant relationships 
  Susan P. Tyler:  No relevant relationships 
  Barb Forney:  No relevant relationships 

Authors:

  Opeolu M. Adeoye, MD: Co-Founder and Equity Holder: Sense Diagnostics 
  Jordan B. Bonomo, MD: Consultant/speaker: Portola Pharmaceuticals, Genentech 
  Gregory J. Fermann, MD: Speaker’s Bureau: Janssen Pharmaceuticals, Portola Pharmaceuticals; Research Support: Ortho Clinical Diagnostics,  
   Creavo Medical Technologies, Roche Diagnostics 
  James W. Hoekstra, MD: No relevant relationships  
  Joshua M. Kosowsky, MD: No relevant relationships 
  William A. Knight, MD: Speakers Bureau: Genentech
  Natalie P. Kreitzer, MD: Speakers Bureau: Portola Pharmaceuticals 
  Arthur M. Pancioli, MD: Honorarium recipient: Portola Pharmaceuticals, Genentech 
  Babak Sarani, MD:  Consultant/honoraria: Portola Pharmaceuticals

Commercial Acknowledgment:  This EMCREG Monograph is supported in part by an educational grant from Portola Pharmaceuticals.  
 
Disclaimer: The opinions expressed in the monograph are those of the faculty and do not necessarily represent the views of the University of  
Cincinnati. The information is presented for the purpose of advancing the attendees’ professional development.   

Off Label Disclosure: Faculty members are required to inform the audience when they are discussing off-label, unapproved uses of devices and 
drugs. Physicians should consult full prescribing information before using any product mentioned during this educational activity. 

Learner Assurance Statement: The University of Cincinnati is committed to resolving all conflicts of interest issues that could arise as a result of 
prospective faculty members’ significant relationships with drug or device manufacturer(s). The University of Cincinnati is committed to retaining 
only those speakers with financial interests that can be reconciled with the goals and educational integrity of the CME activity.
EMCREG-International will not be liable to you or anyone else for any decision made or action taken (or not taken) by you in reliance on these 
materials. This document does not replace individual physician clinical judgment. Clinical judgment must guide each professional in weighing the 
benefits of treatment against the risk of toxicity. Doses, indications, and methods of use for products referred to in this program are not neces-
sarily the same as indicated in the package insert and may be derived from the professional literature or other clinical courses. Consult complete 
prescribing information before administering.



iv 

OPTIMAL MANAGEMENT OF THE ANTICOAGULATED PATIENT WITH LIFE-THREATENING BLEEDING IN THE ED AND ICU:  

WWW.EMCREG.ORG|  JANUARY 2021

Richard L. Summers, MD 
University of Mississippi 
Jackson, Mississippi 

Benjamin Sun, MD 
University of Pennsylvania 
Philadelphia, Pennsylvania 

Martin Than, MD 
Christchurch Hospital 
Christchurch, New Zealand 

James E. Weber, MD 
University of Michigan 
Ann Arbor, Michigan

W. Brian Gibler, MD, President
University of Cincinnati
Cincinnati, Ohio

V. Anantharaman, MD
Singapore General Hospital 
Singapore 

Helen Askitopoulou, MD 
University of Crete
Greece 

Tom P. Aufderheide, MD 
Medical College of Wisconsin 
Milwaukee, Wisconsin 

Barbra Backus, MD, PhD 
Leiden University 
Netherlands 

Roberto R. Bassan, MD 
Pro-Cardiaco Hospital 
Rio de Janeiro, Brazil 

Richard Body, MB ChB, PhD 
Manchester University Hospital 
Manchester, UK 

Gerald X. Brogan, MD 
Hofstra North Shore - LIJ 
Forest Hills, New York 

David F. M. Brown, MD 
Massachusetts General Hospital 
Boston, Massachusetts 

Charles B. Cairns, MD 
University of Arizona
Tucson, Arizona 

Anna Marie Chang, MD 
Thomas Jefferson University 
Philadelphia, Pennsylvania 

Douglas M. Char, MD 
Washington University 
St. Louis, Missouri 

Sean P. Collins, MD 
Vanderbilt University 
Nashville, Tennessee 

Louise Cullen, MB, BS 
Royal Brisbane Hospital, Brisbane 
Queensland, Australia 

Deborah B. Diercks, MD
University of Texas Southwestern 
Dallas, Texas 

Gregory J. Fermann, MD 
University of Cincinnati 
Cincinnati, Ohio

Patrick Goldstein, MD 
Lille University Hospital 
Lille, France 

Brian Hiestand, MD, MPH 
Wake Forest University 
Winston Salem, North Carolina 

James W. Hoekstra, MD 
Wake Forest University 
Winston Salem, North Carolina 

Judd E. Hollander, MD 
Thomas Jefferson University 
Philadelphia, Pennsylvania

Brian R. Holroyd, MD 
University of Alberta Hospitals 
Edmonton, Alberta, Canada 

Shingo Hori, MD 
Keio University 
Tokyo, Japan 

Raymond E. Jackson, MD 
William Beaumont Hospital 
Royal Oak, Michigan 

Juliusz Jakubaszko, MD 
Wroclaw Medical University 
Wroclaw, Poland 

Mehmet A. Karamercan, MD 
Gazi University 
Ankara, Turkey 

J. Douglas Kirk, MD 
U.C. Davis Medical Center 
Sacramento, California 

Fatimah Lateef, MD 
Singapore General Hospital 
Singapore 

Robert Leach, MD 
Centre Hospitalier de Wallonie Picarde 
Brussels, Belgium 

Phillip D. Levy, MD 
Wayne State University 
Detroit, Michigan 

Swee Han Lim, MD 
Singapore General Hospital 
Singapore 

Christopher R. Lindsell, PhD 
Vanderbilt University 
Nashville, Tennessee

Chad V. Miller, MD 
Wake Forest University
Winston Salem, North Carolina 

Martin Möckel, MD 
Charite University 
Berlin, Germany 

Richard M. Nowak, MD 
Henry Ford Hospital 
Detroit, Michigan 

Brian J. O’Neil, MD 
Wayne State University 
Detroit, Michigan 

Joseph P. Ornato, MD 
Medical College of Virginia 
Richmond, Virginia 

Arthur M. Pancioli, MD 
University of Cincinnati 
Cincinnati, Ohio 

W. Frank Peacock, MD 
Baylor College of Medicine 
Houston, Texas 

Nicolas R. Peschanski, MD 
Rouen University Hospital 
Upper-Normandy, France 

Roberta Petrino, MD
S. Andrea Hospital 
Vercelli, Italy 

Charles V. Pollack, MA, MD 
Hospital Quality Foundation 
Shrewsbury, NJ 

Luis Garcia-Castrillo Riesgo, MD 
Hospital Universitario Marques 
Valdecilla Spain

Emanuel P. Rivers, MD, PhD 
Henry Ford Hospital 
Detroit, Michigan 

Francois P. Sarasin, MD 
Hospital Cantonal 
Geneva, Switzerland 

Jana Šeblová, MD, PhD 
Kladno Regional Hospital 
Czech Republic 

Harry R. Severance, MD 
University of Tennessee 
Chattanooga, Tennessee

Corey M. Slovis, MD 
Vanderbilt University 
Nashville, Tennessee 

Alan B. Storrow, MD 
Vanderbilt University 
Nashville, Tennessee 

EMCREG-International Members:



          v 

A CASE-BASED APPROACH

OPTIMAL MANAGEMENT OF THE ANTICOAGULATED PATIENT WITH LIFE-THREATENING BLEEDING IN THE ED AND ICU: A CASE-BASED APPROACH

Learning Objectives:

1.   Describe the various oral anticoagulant agents and the indications for using oral anticoagulant therapy.

2.   Discuss the general approach to treating life-threatening bleeding in anticoagulated patients in the emergency  
      department, including the ways that anticoagulation is treated by repletion and reversal.

3.   Define the role of an institution-wide critical pathway to aid in the management of anticoagulated patients with  
      life-threatening bleeding.

4.   Outline the decision-making process for reversal of anticoagulation in an anticoagulated patient with life-threatening   
      gastrointestinal bleeding.

5.   Identify the urgency of and indications for anticoagulation reversal in the setting of acute intracranial hemorrhage.

6.   Discuss intraspinal hemorrhage, and particularly the indications for anticoagulation reversal in anticoagulated patients 
      with intraspinal hemorrhage.

7.   Identify the factors that make management of bleeding particularly difficult in patients on ECMO, and describe the  
      approach to management of these patients.

8.   Describe the critical care management of the anticoagulated blunt trauma patient in the emergency department.

9.   Describe the approach to management of traumatized anticoagulated patients who require surgical care.

History of daily alcohol use, no tobacco use
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INDICATIONS FOR USE OF ORAL ANTICOAGULANTS

Arthur M. Pancioli, MD
Professor and Chairman
Department of Emergency Medicine
University of Cincinnati College of Medicine
Cincinnati, OH

Adapted from: Heistand B. Indications for Use of Anticoagulants. In Life-Threatening 
Bleeding in the Anticoagulated Patient, Proceedings Monograph from the ACEP 
2019 EMCREG-International Satellite Symposium.

Warfarin and Other Vitamin K Antagonists

In the clotting cascade, multiple clotting factors interact in a sequence 
of events that converge into a final common pathway resulting in 
the transformation of Factor X into the active Factor Xa (FXa).  FXa 
then enzymatically converts prothrombin (Factor II) into thrombin, 
which serves both to activate platelets and to convert fibrinogen into 
fibrin.  Vitamin K metabolism is essential to the hepatic synthesis 
of coagulation Factors II, VII, IX, and X.  The vitamin K antagonists 
(VKAs) impair vitamin K metabolism, resulting in greatly diminished 
reserves of these crucial enzymes and subsequent decreased ability 
to form thrombus. Vitamin K is also required to synthesize protein 
C and protein S, which serve crucial roles in counterbalancing the 
coagulation cascade by regulating the conversion of prothrombin into 
thrombin.  This becomes relevant when initiating anticoagulation in 
a patient with a current thrombus (acute venous thromboembolism 
[VTE]) or at high risk for thromboembolic stroke. In these cases, 
bridging therapy with a parenteral anticoagulant, generally low mo-
lecular weight heparin (LMWH) or unfractionated heparin (UFH), is 
advised due to the potential for transient hypercoagulability.  The 
need for bridging therapy in initiating a VKA agent for atrial fibrilla-
tion is less clear, especially if cardioversion is not planned.  Although 
it is not directly addressed in the literature, the Effectiveness of 
Bridging Anticoagulation for Surgery (BRIDGE) study provides some 
guidance.¹  Patients with atrial fibrillation undergoing an invasive 
procedure were randomized to a LMWH bridge or no anticoagulation, 

with no resulting difference in the rate of thromboembolic events - 
0.4% without anticoagulation versus 0.3% in those receiving LMWH.
Warfarin, the most common VKA in use in the United States, has a 
direct half-life of 36 to 42 hours (Table 1).  However, the effective 
half-life approaches 96 hours, and is dependent on the liver’s ability 
to recover synthetic function and produce prothrombin (Factor II).²  
There is significant variability in treatment effect with VKAs based 
on drug interactions and comorbid conditions; therefore treatment 
with a VKA requires frequent monitoring and dose adjustment.

Direct Oral Anticoagulants

Dabigatran is unique in the category of direct oral anticoagulants  
(DOACs) in that it is a direct thrombin inhibitor, binding to the active 
site of thrombin and preventing downstream thrombin-mediated platelet 
activation and fibrinogen conversion.  Peak effect occurs within three 
hours of an oral dose,⁵ and the effective half-life after steady state 
ranges from 12-14 hours (Table 1).⁷   The drug is primarily renally 
cleared, resulting in increased anticoagulation as renal function de-
creases; therefore, drug dosing varies with renal function.⁸  It is the 
only DOAC cleared by hemodialysis, although it remains unclear as to 
whether hemodialysis has an impact on the clinical effect.  Dabigatran 
is potentiated by drugs that inhibit P-glycoprotein (P-gp) metabolism, 
such as amiodarone, ketoconazole, clarithromycin, ticagrelor, and 
verapamil, and is inhibited by rifampin and other P-gp inducers.⁸   

FXa inhibitors, including apixaban, betrixaban, edoxaban, and 
rivaroxaban, directly inhibit FXa which results in decreased conver-
sion of prothrombin to thrombin.3,9-11  All FXa inhibitors undergo 
renal and hepatic elimination.  The FXa inhibitors are metabolized 
by both the P-gp and the CYP3A4 systems.  Strong inhibitors of 
both these systems, such as ketoconazole, itraconazole, ritonavir, 
and clarithromycin, will potentiate their effects, while inducers 
of CYP3A4 and P-gp, such as rifampin, phenytoin, and carbam-
azepine, will inhibit their anticoagulant efficacy.  The DOACs are 
contraindicated in patients with severe liver and kidney impairment. 

Drug Peak Onset  Half-life

Warfarin

Dabigatran

Apixaban

Betrixaban

Edoxaban

Rivaroxaban

Peak serum concentration 4 hours after dose, anticoagulant 
effect noted within 24 hours of first dose

Dependent on time to resynthesize clotting factors 
(48-72 hours for Factor X)

2 hours 12 - 14 hours

1.5 - 3.3 hours 12 hours

3 - 4 hours 19 - 27 hours

1.5 hours 10 - 14 hours

2 - 4 hours 5 - 9 hours
* may increase to 11-13 hours in elderly patients

01
TABLE

Time to Peak Onset and Effective Therapeutic Half-life for Oral Anticoagulants 3-5
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Assessment of Anticoagulant Activity

The degree of anticoagulation with VKAs like warfarin can be quickly 
measured with a prothrombin time (PT) and international normalized 
ratio (INR).  On the other hand, each DOAC produces variable effects 
on the coagulation assays commonly available in the clinical setting.5,12  

None of the DOACs has a direct linear relationship with any of the read-
ily available coagulation assays. An abnormal test may be considered 
relatively specific for the ongoing presence of the anticoagulant, but the 
absence of abnormality is not sensitive for the absence of anticoagulant 
effect.13  One therefore cannot rely on normal coagulation assays to 
exclude anticoagulation effects with the DOACs.  The sole exception 
to this is the relationship between dabigatran (the direct thrombin 
inhibitor) and thrombin time and ecarin clotting time, which do offer 
quantitative assessment of dabigatran’s activity but are not usually 
available on an immediate basis in the Emergency Department (ED).5  

Anti-FXa assays exist, although they are not readily available in most 
hospitals and necessitate that the assay be calibrated specifically for 
each of the different FXa agents.14  If an anti-FXa level is negative, it 
might obviate the need for reversal in a patient with life-threatening 
bleeding. There is currently no accurate, rapidly available test to 
make that decision.  A FXa level should not be used to guide therapy 
at this time.  Thromboelastography (TEG) is still under investiga-
tion as an option to assess the anticoagulated trauma patient.15,16

Oral Anticoagulant Indications in the Acute Care Setting

Of the multiple Food and Drug Administration (FDA) approved indications 
for oral anticoagulants, three are important to the acute care physician 
– acute venous thromboembolism (VTE) treatment, VTE prophylaxis in 
medical admissions, and thromboembolic prophylaxis in atrial fibrilla-
tion (Table 2).  Three others – post-orthopedic surgery VTE prophylaxis, 
long-term VTE recurrence prevention, and risk mitigation for coronary 
artery disease – are less relevant and will not be discussed here.
 
Venous Thromboembolism Prophylaxis in Medical Admissions

Of the oral anticoagulants currently in use, only betrixaban and 
rivaroxaban are currently indicated for the prevention of VTE in medi-
cally hospitalized patients.  Betrixaban gained FDA approval for this 
indication in 2017, after the publication of the Acute Medically Ill VTE 
Prevention with Extended Duration Betrixaban (APEX) study.  In this 
trial, betrixaban was compared to enoxaparin in patients hospitalized 
for a variety of medical indications, with expected hospitalization 
of at least three days and immobilization (i.e., bed rest) for at least 
24 hours.17  Patients had to be at least 40 years of age and at risk 
for VTE as a complication.  Patients were randomized to fixed dose 
enoxaparin during the hospitalization versus betrixaban during hospi-
talization and after discharge for a total treatment course of 35 to 42 
days.  The primary outcome of silent or symptomatic VTE occurred 

Drug Mechanism

Warfarin

VTE Treatment NVAF Embolism Prophylaxis

Blocks synthesis of 
vitamin K-dependent 
factors

Variable, titrated by INR Variable, titrated by INR

Dabigatran Direct thrombin 
inhibitor

CrCl >30 mL/min: 150 mg BID 
after 5-10 days of parenteral 
anticoagulation

• CrCl > 30 mL/min: 150 mg BID
• CrCl 15-30 mL/min: 75 mg BID

Apixaban Factor Xa inhibitor 10 mg BID for 7 days, 
then 5 mg BID

• 5 mg BID
• Increased bleeding risk:a 2.5 mg BID

Betrixaban Factor Xa inhibitor Not indicated Not indicated

Edoxaban

Rivaroxaban

Factor Xa inhibitor

Factor Xa inhibitor

• 60 mg daily after 5-10 days of 
  parenteral anticoagulation
• Increased bleeding risk: b 

  30 mg  daily after 10 days of 
  parenteral anticoagulation

• 15 mg BID for 21 days, 
   followed by 20 mg daily 
• CrCl<30 mL/min: do not use

• 60 mg daily
• CrCl 15-50 mL/min: 30 mg daily

• CrCl >50 mL/min: 20 mg daily
• CrCl 15-50 mL/min: 15 mg daily

VTE Prophylaxis
(medical admissions)

Not indicated

Not indicated

Not indicated

• 160 mg initial dose, then 
   80 mg daily
• CrCl 15-30 mL/min: 80 mg
   initial dose, then 40 mg daily

Not indicated

10 mg daily through discharge 
and up to 31-39 days total 
duration of treatment

a  Dose decrease recommended for patients with two of three factors: age ≥ 80 years, body weight ≤ 60 kg, or Cr ≥ 1.5 mg/dL
b  Dose decrease recommended for patients with body weight ≤ 60 kg, CrCl 15-50 mL/min, or concomitant P-gp inhibitor use
BID: twice daily; CrCl: creatinine clearance;  VTE: venous thromboembolism; NVAF: non-valvular atrial fibrillation; INR: International Normalized Ratio.   
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Dosing of Oral Anticoagulants by Indication and Renal Function 3, 8-11, 16
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in 7% of the overall enoxaparin cohort versus 5.3% of the betrixaban 
cohort (relative risk [RR]) 0.76; 95% confidence interval [CI] 0.63 
– 0.92). This absolute risk reduction resulted in a number needed 
to treat of 59 patients to prevent one primary outcome.  Major and 
fatal bleeding were equivalent between groups, although the rate of 
major or clinically significant non-major bleeding was higher in the 
betrixaban cohort (3.1% versus 1.6%; RR 1.97; 95% CI 1.44-2.68).  

Rivaroxaban was established for VTE prophylaxis after a post-hoc 
re-analysis18 of the VTE Prophylaxis in Medically Ill Patients (MAGEL-
LAN) trial19 was performed, with supporting data from the Study of 
Rivaroxaban on the VTE Risk in Post-Hospital Discharge Patients 
(MARINER study) also considered.20   The MAGELLAN trial random-
ized patients requiring acute medical admission with VTE risk to 
rivaroxaban versus enoxaparin.  In the subsequent MARINER study, 
patients who had been medically hospitalized and were at risk for 
VTE were randomized to rivaroxaban 10 mg daily (reduced to 7.5 
mg daily for creatinine clearance of 30-50 mL / min) or placebo at 
discharge.  MAGELLAN met pre-specified non-inferiority criteria for 
VTE / VTE-associated death (2.7% rate in both groups, rivaroxaban RR 
0.97; 95% CI 0.71 – 1.31) at 10 days, while MARINER demonstrated 
a decrease in the rate of symptomatic VTE after discharge (0.18% 
versus 0.42% favoring rivaroxaban, HR 0.44; 95% CI 0.22 – 0.89), 
although there were no differences in VTE-associated mortality.  There 
was a substantially decreased rate of bleeding complications in the 
rivaroxaban arms of MARINER versus MAGELLAN (0.28% versus 2.8%), 
attributable to the fact that MARINER excluded a number of catego-
ries of risk that were allowed in the earlier MAGELLAN study: known 
gastric ulcers, concomitant dual anti-platelet therapy, active cancer, 
or pulmonic cavitary lesions. This observation led to a re-analysis of 
the MAGELLAN data with post-hoc exclusion of the above risk groups, 
resulting in an improved risk-benefit profile.18  Based on these data, 
rivaroxaban was approved for VTE prophylaxis in acutely ill medical 
patients that are at high risk for VTE and not at high risk for bleeding.10

Treatment of Acute VTE

Apixaban, dabigatran, edoxaban, and rivaroxaban have all been studied 
against VKAs for the treatment of acute deep venous thrombosis/
pulmonary embolism (DVT/PE) in a number of trials.21-27  The collec-
tive experience with these agents is that the DOACs are consistently 
superior, or at least non-inferior, to VKAs for both efficacy and safety 
outcomes in the setting of VTE.  As a result, the American College 
of Chest Physicians recommends the use of DOACs over VKAs in 
the treatment of non-cancer associated VTE.28  Table 3 provides a 
summary of the landmark trial results for each DOAC.  Although, at 
least in the United States, the preferred agent for an individual patient 
may come down to which drug is covered by the individual patient’s 
insurance (if any), one key aspect of drug choice is of substantial 
importance to physicians providing the initial care for these patients.  
Apixaban and rivaroxaban were both studied, and therefore approved, 
without lead-in anticoagulation.  Both edoxaban and dabigatran 
were studied with a 5-10 day parenteral anticoagulation (LMWH or 
inpatient UFH) period prior to the initiation of oral treatment, and the 
FDA label requirements for each drug reflect this.4   In addition, all 
index studies were quite conservative with regards to the presence 
of hepatic and renal insufficiency, either requiring dose adjustment 
with impaired creatinine clearance, or excluding patients completely.  
Caution should be exercised when considering DOAC therapy for these 
patients.  With regards to cancer-associated VTE, based on direct 
comparisons, guidelines now recommend either rivaroxaban mono-
therapy29 or edoxaban (with parenteral anticoagulation as lead in)30 
as viable treatment options in patients with normal renal function.31,32

Atrial Fibrillation and Stroke Prophylaxis

The incidence and prevalence of atrial fibrillation increases with age, 
which also greatly increases the risk of embolic stroke.  Anticoagulation 
decreases the risk of acute ischemic stroke (AIS) and is recommended 
for patients with atrial fibrillation and risk factors for AIS.  The Ameri-

03
TABLE Comparison of DOACs to VKAs for the Treatment of Venous Thromboembolism

Relative risks and hazard ratios represent DOAC compared to VKA as the reference group.4

Drug
Primary Efficacy Endpoint

Result

Apixaban

Efficacy Interpretation Primary Safety Result

RR 0.84
95% CI, 0.60 – 1.18

Non-inferior RR 0.44
95% CI, 0.36 – 0.55

Dabigatrana

Edoxaban

Rivaroxabanb

Safety Interpretation

Superior

HR 1.09
95% CI, 0.76 – 1.57

Non-inferior HR 0.73
95% CI, 0.49 – 1.11

Non-inferior

HR 0.89
95% CI, 0.7 – 1.13

Non-inferior HR 0.81
95% CI, 0.71 – 0.94

Superior

HR 0.89
95% CI, 0.66 – 1.19

Non-inferior HR 0.93
95% CI, 0.81 – 1.06

Non-inferior

ª  Pooled results for RE-COVER and RE-COVER II
b  Pooled results for EINSTEIN-PE and EINSTEIN-VTE
RR: relative risk ratio; HR: hazard ratio; CI: confidence interval



4 

OPTIMAL MANAGEMENT OF THE ANTICOAGULATED PATIENT WITH LIFE-THREATENING BLEEDING IN THE ED AND ICU:  

WWW.EMCREG.ORG|  JANUARY 2021

can Heart Association / American College of Cardiology guidelines 
for atrial fibrillation management recommend risk stratification with 
a validated tool such as CHADS2 or CHA2DS2VASc and subsequent 
anticoagulation for those patients found to be at risk.33  A recent large 
meta-analysis (94,656 patients) examined the composite results of the 
DOACs versus VKAs for atrial fibrillation prophylaxis and concluded 
that the balance of the evidence for both safety and efficacy favored 
DOACs over VKAs, although comparisons could not be directly drawn 
between individual DOACs.34  It is clear that there is an opportunity 
for emergency physicians and other acute care physicians such as 
hospitalists and critical care physicians to initiate anticoagulation in 
patients presenting with atrial fibrillation and an increased risk profile.35
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General Approach

The initial evaluation and treatment of a patient experiencing a 
hemorrhage while taking an oral anticoagulant (OAC) should focus 
on resuscitation. Management of airway, oxygenation and ventila-
tion should occur simultaneously with consideration of volume 
resuscitation and delivery of blood products, such as whole blood, 
packed red blood cells (RBCs), plasma and platelets as indicated. A 
subpopulation of these patients will benefit from a massive transfu-
sion protocol. Source control of the site of hemorrhage may include 
some of the following maneuvers: tourniquet application, packing, 
direct pressure, endoscopy, cautery, ligation, embolization, or man-
agement in the operating room or interventional radiology suite. 
Some patients with major hemorrhage who can be managed with 
definite source control, such as arterial ligation or embolization, may 
require stabilization with blood products alone rather than reversal.

In conjunction with initial stabilization, several historical features 
should be gathered to determine the degree of anticoagulation. The 
timing of the last dose of medication and the patient’s renal function 
are particularly germane to the direct oral anticoagulant (DOAC) class. 
Gastric lavage can aid in gastrointestinal (GI) decontamination in se-
lected patients. Although some guidelines suggest the use of activated 
charcoal, the DOACs are rapidly absorbed after oral administration and 
activated charcoal can make airway management extremely difficult 
should the patient become unstable with emesis.  Therefore, the use of 
activated charcoal should be limited to and used with caution in acute 
overdose situations.  Hemodialysis can be deployed in patients taking 
dabigatran, but now that the reversal agent idarucizumab is available 
to bind dabigatran there is likely no longer a role for dialysis in these 
patients. Laboratory assessment using prothrombin time (PT)/partial 
thromboplastin time (PTT), thrombin time (TT), and Factor Xa levels 
may help guide therapy in select stable patients, but should not delay 
resuscitation or reversal in those who are unstable or have significant 
neurological impairment from suspected intracranial hemorrhage.

Vitamin K Antagonist Repletion

A patient who is therapeutically anticoagulated on a vitamin K an-
tagonist (VKA) has impaired clotting activity at the multiple steps in 
the cascade that require participation of the vitamin K-dependent 
factors. Vitamin K administration merely allows the resumption of 
hepatic synthesis of functionally active factors, though it takes many 
hours to several days to re-establish physiologic levels. Although 
necessary, administration of vitamin K is certainly not a sufficient 
response to management of intracranial hemorrhage (ICH) or other 
life-threatening hemorrhage. In fact, warfarin-related anticoagulation 
cannot be reversed. Instead, the levels of deficient factors must be 
repleted, and clinicians should not view vitamin K as a “reversal agent.” 
Repletion can be accomplished in several ways. Traditionally, fresh-
frozen plasma (FFP) was the direct repletion method of choice, but 
its use is limited by time requirements for thawing and cross-matching, 
concern for volume overload, and limited efficacy. The superior alterna-
tive for repleting vitamin K-dependent factors quickly is administration 
of prothrombin complex concentrate (PCC). The PCCs are pooled, 
virus-inactivated concentrates of human clotting factors. Four-factor 
PCCs (4F-PCCs) contain the vitamin K-dependent coagulation factors 
(II [prothrombin], VII, IX and X), as well as therapeutically effective 
concentrations of coagulation regulatory proteins, protein C and 
protein S. Three-factor PCCs (3F-PCCs) do not contain Factor VII. In 
the past, some authorities recommended combining 3F-PCCs with 
recombinant Factor VIIa (rFVIIa), though the need for this approach 
has not been specifically studied. The PCCs are indicated and most 
commonly used for warfarin reversal.¹ There are suggestive data 
that in warfarin-associated intracranial hemorrhage (ICH), PCCs 
reduce hematoma expansion more than FFP does,² and PCCs are 
preferentially recommended in professional society guidelines.³

Repletion of vitamin K-dependent factors in warfarin-associated 
hemorrhage and reversal of anticoagulation effect, as in the case of 
DOAC treatment strategies discussed below, should be reserved for 
life-threatening events, such as exsanguinating blood loss and ICH. Two 
immediate concerns arise from precipitous removal of anticoagulation. 
The first is that patients who are therapeutically anticoagulated are 
treated for a good clinical reason, such as high risk of stroke associ-
ated with atrial fibrillation, previously demonstrated pathologic clot 
(venous thromboembolic disease), or mechanical heart valve (warfarin 
only). When anticoagulation “protection” is suddenly removed, these 
patients immediately return to their baseline prothrombotic state. It is 
important to note that the patient should be left “unprotected” for as 
short a time as is clinically possible. The second concern is intuitive - a 
patient might receive more repletion than is needed. The “overshoot” 
thromboembolic complications are unusual after repletion, though
are more common after PCC administration than with FFP. There is 
lower risk with FFP simply because less factor is being administered. 
Such events are still uncommon (5-10%) after use of PCCs and are 
dose-dependent. For that reason, it is usually recommended that 
for repletion, 4F-PCC should be given in two separate 25 IU/kg 
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doses, with a clinical evaluation performed after the first infusion 
and consideration of omitting the second if the patient is stabilizing.⁴

Reversal of Direct Oral Anticoagulants

Reversal agents for the direct thrombin inhibitor, dabigatran, and the 
Factor Xa inhibitors, apixaban and rivaroxaban, are now approved 
in the United States. These agents are not hemostatic; rather, they 
reverse the effect of anticoagulants by restoring thrombin generation. 
These agents are not dependent on repletion of factors, which is a 
critical distinction as compared to PCCs. In therapeutic anticoagulation 
with dabigatran, there is no deficiency of thrombin. Native thrombin 
is instead inhibited by the anticoagulant. Removing the effects of 
dabigatran frees up previously inhibited thrombin to participate 
meaningfully once again in coagulation. Likewise, patients treated 
with apixaban, betrixaban, edoxaban, or rivaroxaban have normal 
circulating levels of Factor X, but Xa is inhibited by the therapy. 

Dabigatran Reversal

Idarucizumab is a humanized monoclonal Fab fragment antibody to 
which dabigatran has 350 times higher affinity than to thrombin.⁵ 
It has no intrinsic activity in the coagulation system and it provides 
immediate, complete, and sustained reversal of the dabigatran ef-
fect. Idarucizumab is eliminated quickly, allowing early resumption 
of dabigatran therapy in clinically stable patients. The dose is 5 
grams total, administered intravenously as two vials of 2.5 grams 
in rapid succession. Patients with very high dabigatran levels may 
show evidence of a recurrence of anticoagulation activity between 
12 and 24 hours after reversal, due to drug re-entering the cir-
culation from the extravascular space, but a repeat dose should 
probably only be given if there is concomitant increased bleeding.
 
RE-VERSE AD Trial Summary
 
The safety and efficacy of idarucizumab as a reversal agent specifically 
for dabigatran was demonstrated in the Reversal Effects of Idaruci-
zumab on Active Dabigatran (RE-VERSE AD) trial of 503 patients, 301 
of whom had serious or life-threatening hemorrhage.⁶ The median 
maximum percentage reversal of dabigatran, on the basis of either 
the diluted thrombin time or the ecarin clotting time, was 100% (95% 
confidence interval [CI], 100 to 100). Nearly half of these patients 
had GI bleeding and one-third presented with ICH. The median time 
to the cessation of bleeding was 2.5 hours, but this must be viewed 
in the context of multi-modal hemorrhage management. Idarucizumab 
(like andexanet alfa) is not a hemostatic agent. It merely neutralizes 
iatrogenic anticoagulation so that bleeding can be managed promptly, 
with mechanical and other pharmacologic means as appropriate 
and with support from transfusion of blood products as needed.⁶

At 90 days in RE-VERSE AD, thromboembolic events had occurred 
in 6.3% of the patients reversed for hemorrhage. Over 90% of these 
complications occurred in patients who did not have re-initiation of anti-

coagulant therapy. There were no serious adverse safety signals. Idaru-
cizumab was also studied for, and approved for, reversal of dabigatran 
anticoagulation prior to an intervention that required good hemostasis.⁶

Factor Xa Inhibitor Reversal

A class-specific antidote, andexanet alfa is a decoy FXa synthetic 
protein that lacks biologic activity in the coagulation cascade be-
cause of removal of the Gla- domain. It also has a mutation in the 
catalytic domain that removes its intrinsic procoagulant activity. 
The agent competitively binds to the Factor Xa inhibitor, must be 
tailored to the molar concentration of the anticoagulant, and an 
infusion must be maintained to continue the competitive blockade 
of the anticoagulant. The bolus dose of andexanet alfa is followed 
immediately with a two-hour infusion. The recommended dosing of 
andexanet alfa is based on the specific FXa inhibitor, the dose of 
FXa inhibitor, and time since the patient’s last dose of FXa inhibitor.⁷
 
ANNEXA-4 Trial Summary 

The ANNEXA-4 trial of andexanet alfa was designed as a multicenter, 
prospective, single-arm, open-label study with two co-primary out-
comes: 1) the percent change from baseline anti-Factor Xa activity 
after andexanet alfa administration, and 2) the percentage of subjects 
with excellent or good hemostatic efficacy 12 hours after treatment as 
assessed by an independent adjudication committee based on pre-
specified criteria.⁸  Subjects were included in ANNEXA-4 if they pre-
sented with acute major bleeding and had taken their last dose of Factor 
Xa inhibitor within 18 hours of presentation (Figure 1). The sites of 
bleeding were intracranial (64%), gastrointestinal (26%), or other (10%), 
and subjects had a mean age of 77 years. In subjects taking apixaban 
and rivaroxaban, there was a 92% reduction of median anti-Factor Xa 
activity from baseline to the end of the bolus (15-30 minutes). Excellent 
or good hemostatic efficacy occurred in 204 (82%) of the 249 evaluable 
subjects at 12 hours. All-cause mortality within 30 days occurred in 49 
(14%) subjects and a thrombotic event occurred in 34 (9.7%) subjects. 

ANNEXA-4 employed a single-arm trial design. However, as part of 
the accelerated approval program, there are now plans for a Phase 
3b/4 trial with a usual care comparator arm (ClinicalTrials.gov number 
NCT03661528).  Although ANNEXA-4 represents the largest dataset 
of DOAC-related major hemorrhage subjects, practical considerations 
not directly addressed by the study have arisen since its accelerated 
approval by the FDA in August 2018. Intraoperative use, re-dosing, 
and extended infusion were not explicitly studied so no official direction 
from the sponsor or regulatory agency is available. Although trauma 
patients with major hemorrhage were enrolled in ANNEXA-4, they 
were a small fraction of the overall cohort and require more targeted 
study. Likewise, patients without major hemorrhage but who have an 
indication for an acute operation that cannot be safely delayed, such 
as acute necrotizing soft tissue infection or ischemic/necrotic bowel, 
were not evaluated in ANNEXA-4 and are subjects for future study.
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Study (Ref.)
Characteristic 
or Outcome

Sarode et al.15

(N=104)
Sarode et al.15

(N=98)
Schulman14

(N=66)

01
TABLE

Comparison with Other Studies on Management of Anticoagulant-Associated Bleeds

         ANNEXA Full Study    

Majeed et al.13

(N=84)

Exclusion for poor
prognosis

Expected survival
< 3 days

Expected survival
< 3 days

Expected survival
< 1 month

DNR order given DNR order given

Anticoagulant Warfarin Warfarin Xa inhibitors Xa inhibitors Xa inhibitors

Reversal agent Plasma PCC Adexanet alfa PCC PCC

Age, mean (SD) 69.8 (13.9) 69.8 (12.8) 77.4 (10.8) 75 (10.9) 76.9 (10.4)

Male sex 51 (49) 50 (51) 129 (51) 48 (57) 42 (67)

ICH 12 (12) 12 (12) 227 (64) 59 (70) 36 (55)

GI Bleed 64 (62) 63 (64) 90 (26) 13 (16) 16 (24)

Time last dose Xa
inhibitor to REV,
median (IQR)

NA NA (Mean  SD)
rivaroxaban: 12.3  5.1
apixaban:      12.1  4.6

12.5 (9-16) 16.9 (12-21)

   Excellent or Good 7 (58) 5 (42) 135 (80) Not done 25 (76)†

Effectiveness assessment according to Sarode et al.15 for CNS bleeds

   Excellent or Good Not done Not done Not done 43 (73) 25 (69)

Effectiveness assessment according to ISTH 16  criteria for CNS bleeds

   Thromboembolism 7 (6) 8 (8) 34 (10) 3 (4) 5 (8)

Safety outcomes during 30 days

   Death 5 (5) 6 (6) 49 (14) 27 (32) 9 (14)

Efficacy
Population

(N=254)

Safety
Population

(N=352)

77.1 (11.1) 

187 (53)

171 (67)

62 (24)

 8

Adapted with permission from Schulman et al. Thromb Haemost 2018;118(05): 842-851

† Only patients with repeat tomography (n=30) or with large CNS bleeds resulting in early death (n=3) were included in this analysis.
Results are in n (%).

01
FIGURE

Phase 3b/4 Confirmatory Study in Patients with Acute Major Bleeding

  Patient Screening

Andexanet alfa
IV bolus + 2-hour infusion

Hemostatic
Efficacy    1,b

After end of
infusion

Patient taking
FXa inhibitors
present with
major bleed

If last dose
of FXa

inhibitor
was within

18 hours

Assessments

1
HOUR

4
HOUR

8
HOUR

12
HOUR

3
DAYS

N=352

Day 1 Day 3 Day 30

30
DAYS

SAFETY
FOLLOW-UP

Baseline Assessment
and Anti-FXa

Measurement

Limitations of Use: Andexanet alfa has not been shown to be effective for, and is not indicated for, bleeding related to
any FXa inhibitors other than apixaban or rivaroxaban.

Patients enrolled were taking apixaban, rivaroxaban, edoxaban, or enoxaparin.

The independent adjudication committee reviewed each case to determine hemostatic efficacy on the basis of predetermined criteria, to provide a rating of
  excellent or good (effective hemostasis) or poor/none (ineffective hemostasis).

Accelerated approval of Andexanet alfa was based on percent change in anti-FXa activity, rather than hemostatic outcome.

1. Connolly SJ,  et al. N Engl J Med. 2019; doi: 10.1056/NEJMoa1814051.
2. Andexanet alfa [prescribing information]. South San Francisco, CA.  Portola Pharmaceuticals Inc., 2018.

Reprinted from EMCREG-International Newsletter August 2019
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Prothrombin Complex Concentrate

Prothrombin complex concentrates have served as a possible alterna-
tive for the management of life-threatening bleeding associated with 
anti-Factor Xa treatment. The PCCs reverse abnormal laboratory pa-
rameters (PT and endogenous thrombin potential) in human volunteers 
after taking high doses of rivaroxaban and apixaban. 9-11 However, 
giving high doses of prothrombin concentrates to patients who do not 
have deficient levels of Factor Xa or any of the other constituents of 
PCC is not an intuitive approach. In terms of clinical data, only a few 
small series have looked at the clinical use of PCCs in the treatment 
of DOAC-related major hemorrhage and thus none of the PCCs have 
regulatory approval for use in this scenario (Table 1). In a retrospec-
tive cohort analysis of intracranial hematoma expansion, Gerner et 
al.12 reported on 146 subjects with DOAC-related ICH; 103 were 
treated with PCCs and 43 received no PCCs. The primary outcome 
was hematoma enlargement, defined as volume increase of >33%. 
Secondary outcomes were in-hospital mortality, three-month mortality 
and functional outcome at three months. No significant differences 
were seen between the two groups for the primary and secondary 
outcomes. Systolic blood pressure control <160mmHg at four hours 
post-admission was the only finding associated with a lower risk of he-
matoma expansion in DOAC-related ICH. Majeed et al.13 found that PCC 
use resulted in effective hemostasis in 58/84 (69%) of DOAC-related 
acute major bleeding subjects, 70% of whom had ICH. In the cohort 
with ineffective hemostasis (n=26), a similar percentage (61.5%), had 
ICH.  In a prospective registry cohort study at nine Canadian hospitals, 
Schulman et al.14 reported on 66 subjects with DOAC-related major 
bleeding (36 with ICH) who were treated with a fixed dose of 2,000 
units of PCC. For the ICH subpopulation, 67% of treated subjects were 
described as having good hemostasis, 17% moderate and 17% poor/
none. In the 36 patients with ICH who had repeat brain imaging or who 
died early, 31% died or had hematoma expansion of greater than 35%. 

Since patients who are taking DOACs are doing so because they are at 
a high risk of thrombosis, removing the anticoagulant exposes them to 
their baseline thrombotic risk. In addition, patients with major hemor-
rhage, particularly ICH, are often critically ill in the intensive care unit.  
These patients are immobilized with lines and catheters, and thus at 
increased risk for thromboembolic events.  In the study by Schulman 
et al., 9/66 (14%) patients died by day 30 and 5/66 (8%) patients 
had a thromboembolic event.14 In Majeed’s study, mortality at 30 days 
was 32% and three (3.6%) patients had thrombotic events. In a ran-
domized comparison of 4F-PCCs versus FFP in VKA-associated major 
hemorrhage, Sarode et al. found thromboembolic adverse event rates 
of 7.8% for PCC and 6.4% for FFP.15 Overall, available studies suggest 
that thromboembolic rates of 2.4-10% are expected in this subject 
population and may vary depending on the severity of hemorrhage, 
baseline thromboembolic risk and comorbidities. Thus, treatment 
of anti-Factor Xa related bleeding may be associated with a risk of 
post-treatment thromboembolic complications. Importantly, treatment 

with the combination of a specific reversal agent AND PCCs would be 
expected to increase the risk of thrombotic complications. Therefore, 
if a patient will be treated with andexanet alfa or idarucizumab, PCCs 
should only be administered using extreme caution while balanc-
ing the risk versus benefit ratio in the patient with severe bleeding.
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Because the administration of repletion and reversal agents is 
usually time-dependent and often costly, it is important for institu-
tions to have predefined guidelines for determining which patients 
qualify for the administration of specific agents.  Ideally, these 
guidelines should be developed by a multidisciplinary team, with 
subject matter experts who can interpret the available data and 
make informed decisions as to which patients are most likely to 
benefit from reversal.  In addition, it is important that individual 
institutions work to identify and overcome any site-specific barriers 
to the appropriate administration of anticoagulation reversal agents.  

In late 2018, a group of specialists with expertise in emergency car-
diovascular care, prehospital emergency medical services, emergency 
medicine operations, hematology, hospital medicine, neurocritical 
care, cardiovascular critical care, cardiac electrophysiology, cardiol-
ogy, trauma and acute care surgery, and pharmacy, convened at an 
EMCREG-International consensus panel to discuss the management 
of severe bleeding in patients taking oral anticoagulants.¹  At the 
meeting, an algorithm was developed (Figure 1) for clinician use in 
treatment areas such as the emergency department or critical care unit.

Many institutions, both academic and community based, have path-
ways or algorithms for the treatment of severe bleeding in patients 

taking oral anticoagulants.  These pathways have been updated in light 
of the prevalence of the DOAC oral anticoagulants and the emergence 
of new agents to reverse them. For example, shortly after Food and 
Drug Administration (FDA) approval of andexanet alfa, and following 
several requests to have this agent available at hospitals within Partners 
Healthcare, a Boston-based nonprofit healthcare organization consist-
ing of 15 hospitals and physicians’ networks, the Partners Center 
for Drug Policy (CDP) conducted a clinical and economic review.²
Experts from hematology, cardiology, neurosurgery, orthopedic 
surgery, emergency medicine, general surgery, neurology, and  
pharmacy were consulted to develop recommendations with the goal 
of ensuring appropriate and cost-effective use of andexanet alfa. 
Clinical trials and FDA filings were summarized, and after consulting 
with clinical leaders from all relevant Partners’ hospitals, practical 
recommendations for use were generated (Figure 2). Guidelines were 
developed by the CDP with the understanding that recommendations 
could be tailored to meet the needs of particular hospitals and any 
clinical decision would ultimately be made by a qualified, licensed, 
healthcare provider based on his or her own professional judgment of 
all the facts involving a specific patient. A key feature of these guidelines 
is a focus on life-threatening and critical site bleeding. Specifically, 
the appropriateness of reversal is to be determined based upon an 
assessment by the treating provider that failure to reverse could result 
in death or permanent disability. For example, in a patient on an oral 
Factor Xa inhibitor, stable gastrointestinal bleeding would not be eligible 
for treatment with andexanet alfa, while the same patient with hemor-
rhagic shock unresponsive to conventional measures would be eligible. 

An accompanying pharmacoeconomic analysis projected the an-
nual drug budget impact of adding andexanet alfa to formularies 
across the Partners Healthcare system, using assumptions about 
the number of individuals in the system on apixaban or rivaroxaban, 
annualized rates of life-threatening bleeding as estimated from large 
clinical trials, and wholesale acquisition costs of both standard-dose 
and high-dose regimens. A summary of one Partners hospital’s 
initial experience with andexanet alfa was published last year.³

Recently, the American College of Cardiology (ACC) provided updated 
guidance for managing patients with bleeding related to anticoagula-
tion in the form of an Expert Consensus Decision Pathway (ECDP).⁴ 
The ACC ECDP took an approach similar to the algorithms described 
above, emphasizing the appropriateness of reversal agents specifi-
cally in cases of critical site or life-threatening bleeding (Table 1) and 
endorsing andexanet alfa as the preferred Factor Xa reversal strat-
egy. A multidisciplinary group recently published an Anticoagulant 
Reversal Strategies manuscript which confirmed the findings of the 
EMCREG-International Multidisciplinary publication on Management 
of Severe Bleeding in the Patients Treated with Oral Anticoagulants 
published in Critical Pathways in Cardiology in September 2019.1,5

No anticoagulation therapy

Rivaroxaban/Apixaban

4FPCC
25-50 IU/kg

≥ 8 hrs < 8 hrs

High dose andexanet

Idarucizumab
5 mg IV

Warfarin Dabigatran
Life-

threatening
bleedingIV vitamin K

5-10 mg

Rivaroxaban >10
Apixaban >5

Rivaroxaban ≤10
Apixaban ≤5

Low dose andexanet

Supportive care

01
FIGURE EMCREG Algorithm for the Management 

of Life-Threatening Bleeding in 
Anticoagulated Patients
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FIGURE Brigham and Women’s Hospital Guidelines for Management of Life-Threatening Bleeding in Patients on 

Factor Xa Inhibitors

Criteria Critical life-threatening 
bleeding and 
rivaroxaban/apixaban 
ingested < 18 hours ago

Indications For critical life-threatening 
bleeding defined as bleeding 
that causes hemodynamic 
compromise, threatens a vital 
organ, or may result in disability, 
that does not respond to 
conventional measures and did 
not receive prior 4PCC

Approval
Required

Laboratory
Monitoring

No approval required for 
rivaroxaban or apixiban for 
critical life-threatening major 
bleeding if dose < 18 hours prior

Baseline CBC, Anti-Xa (UFH/LMWH):
•  Draw prior to adminsitration
•  Don’t wait for results

FXa Inhibitor FXa Inhibitor Last Dose

Rivaroxaban

< 8 Hours or Unknown ≥ 8 Hours

≤ 10 mg Low Dose

> 10 mg / Unknown High Dose

Apixaban ≤ 5 mg Low Dose

> 5 mg / Unknown High Dose

Low Dose

Timing of Factor Xa Inhibitor Last Dose
Before Coagulation Factor Xa (Andexanet)

Dose Initial IV Bolus Follow-on IV Infusion

Low Dose/Standard Dose

High Dose

400 mg: target rate of 15-30 min

800 mg: target rate of 15-30 min

4 mg/min for 120 min (480 mg)

8 mg/min for 120 min (960 mg)

Hematology approval required:
•  > 18 hours since last ingested dose
•  Alternate reversal agent already administered (e.g., 4PCC)
•  Reversal of betrixaban, edoxaban, enoxaparin, or fondaparinux
•  Less severe bleeding
•  Emergency surgery/procedure (in absence of critical life-threatening bleeding)

Adapted with permission from Culbreth SE, Rimsans J, Sylvester K, Pallin DJ, Connors JM. Andexanet alfa – the first 150 days. 2019, Am J Hematol. 94(1):E21-E24.
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TABLE

Critical Site Bleeds

Intracranial hemorrhage: Includes intraparenchymal, 

subdural, epidural, and subarachnoid hemorrhages

Other central nervous system hemorrhage: 

Includes intraocular, Intra- or extra-axial spinal 

hemorrhages

Pericardial tamponade

Airway, including posterior epistaxis

Hemothorax, intra-abdominal bleeding, and RPH

Extremity bleeds: includes intramuscular and 

intra-articular bleeding

Unusually intense headache,  emesis 

Neurological signs:   e.g., reduced LOC, vision changes, 

numbness, weakness, aphasia, ataxia, vertigo, seizures

Intraocular: monocular eye pain, vision changes, blindness,

Spinal: back pain, bilateral extremity weakness or numbness,

bowel or bladder dysfunction, respiratory failure

Shortness of breath, tachypnea

Hypotension, jugular venous distension

Tachycardia, muffled heart sounds, rub

Airway: hemoptysis, shortness of breath, hypoxia

Posterior epistaxis: profuse epistaxis, hemoptysis, hypoxia,

shortness of breath

Hemothorax: tachypnea, tachycardia, hypotension

Intra-abdominal (nongastrointestinal): abdominal pain, 

distension, hypotension, tachycardia

RPH: Back/flank/hip pain, tachycardia, hypotension

Intramuscular: pain, swelling, pallor, paresthesia, weakness, 

diminished pulse

Intra-articular: joint pain, swelling, decreased range of motion

Stupor or coma

Permanent neurological deficit 

Death

Intraocular: permanent vision loss

Spinal: permanent disability, paraplegia,

quadriplegia, death

Cardiogenic shock

Death

Hypoxemic respiratory failure

Death

Hemothorax: respiratory failure

RPH: femoral neuropathy

All: hypovolemic shock, death

Intramuscular: compartment syndrome, 

paralysis, limb loss

Intra-articular: irreversible joint damage

LOC = loss of consciousness; RPH = retroperitoneal hematoma.  Reprinted with permission from Tomaselli GF, Mahaffey KW, Cuker A, Dobesh PP, Doherty JU, Eikelboom JW, 
et al. 2020 ACC Expert Consensus Decision Pathway on Management of Bleeding in Patients on Oral Anticoagulants: A Report of the American College of Cardiology Solution Set 
Oversight CommitteeJ Am Coll Cardiol. 2020 Aug 4;76(5):594-622.

TYPE OF BLEED INITIAL SIGNS AND SYMPTOMS POTENTIAL CONSEQUENCES OF BLEED
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Intracranial hemorrhages may occur for many reasons, such as 
traumatic brain injuries (TBIs), primary intracerebral hemorrhages 
(ICHs), or subarachnoid hemorrhages (SAHs). TBIs include sub-
dural hematomas, epidural hematomas, contusions, and traumatic 
subarachnoid hemorrhages. Primary ICHs in the brain parenchyma 
most commonly occur due to long-standing hypertensive changes.¹ 
Lastly, subarachnoid hemorrhages occur when an intracranial an-
eurysm ruptures. Although each of these intracranial hemorrhages 
has distinct imaging findings and requires specific approaches to 
management, all of them represent life-threatening neurologic 
emergencies.² In particular, nearly all patients with an intracranial 
hemorrhage who are anticoagulated require reversal as early as pos-
sible in their course to reduce the risk of hematoma expansion and to 
facilitate the safety of potentially necessary neurosurgical procedures.³ 

Anticoagulation reversal in a patient with an intracranial hemorrhage 
poses unique challenges compared to reversal for other life-threatening 
causes of hemorrhage. Cessation of bleeding in intracranial hemor-
rhage can be hard to assess in real-time, and evidence of continued 
bleeding may only be noted by changes in the neurologic exam, or 
worsening of findings on head CT. Patients who have sustained an 
intracranial hemorrhage may be unable to provide an accurate medi-
cation history due to suppressed mental status. This is concerning if 
a patient is anticoagulated with a direct oral anticoagulant (DOAC), 
since standard laboratory results obtained in the emergency depart-
ment (ED) do not readily provide insight into important information 
such as the agent, dose, or timing of the medication. Lastly, whereas 
patients with ongoing bleeding due to other causes may display signs 
of hemorrhagic shock, increases in bleeding due to intracranial hem-
orrhage are not significant enough to require volume resuscitation. 

Because the population is aging and the use of oral anticoagulants  
is expanding, anticoagulation-associated intracranial hemorrhages 
represent a growing problem that emergency physicians may face. 
In general, nearly all patients with an intracranial hemorrhage who 
are anticoagulated should be provided reversal agents in order to 
avoid limiting care when there is the impression of a likely poor 
outcome.⁴ On a case by case basis, there may be certain patients, 
such as those who are elderly or have large hemorrhages, in whom 
reversal is withheld. For the purpose of this review, specific antidote-
based reversal and repletion strategies for cases comprising the 
three common types of intracranial hemorrhages are presented. 

CLINICAL CASE #1

A 67-year-old male presented to the ED with a TBI after falling off a 
ladder. On examination, he had a total Glasgow Coma Score (GCS) 
of 7 and required endotracheal intubation immediately. His initial 
international normalized ratio (INR) value was 3.0, and prior documen-
tation in the electronic medical record (EMR) indicated that he was 
taking warfarin for atrial fibrillation. His initial non-contrast head CT 
demonstrated diffuse areas of contusion and traumatic subarachnoid 
hemorrhage (Figure 1). He received a dose of intravenous vitamin K 
and four factor prothrombin complex concentrate (4F-PCCs), and his 
repeat INR was 1.2. The patient was admitted to the neurologic inten-
sive care unit (ICU) and an intracranial pressure monitor was placed.

This patient taking warfarin with a severe TBI represents a com-
mon traumatic injury with a high potential for morbidity and 
mortality. In patients with TBI, the odds of mortality and need for 
neurosurgical intervention are greater in patients taking warfarin 
than in patients who are not anticoagulated when controlling for 
other factors.⁵ It is imperative to rapidly reverse coagulopathy in 
this setting. In warfarin associated ICH, the odds of hematoma ex-
pansion decrease significantly when INR is reversed to ≤ 1.3.⁶ INR 
reversal can be completed significantly faster with administration of 
PCCs as opposed to fresh frozen plasma (FFP) in these patients.⁷ 

01
FIGURE Non-contrast head CT demonstrates multifocal 

traumatic subarachnoid hemorrhage, bilateral 
frontal intraparenchymal contusions, and 
evidence of sulci effacement.

Image courtesy of Natalie P. Kreitzer, MD
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CLINICAL CASE #2

A 42-year-old male presented to the ED with the worst headache of his 
life. A head CT demonstrated a diffuse subarachnoid hemorrhage (Fig-
ure 2). His neurologic exam was initially intact, with a GCS of 15 on pre-
sentation. He reported that he took dabigatran for atrial fibrillation, and 
his last dose was four hours prior to presentation. He received two 2.5-
gram boluses of idarucizumab prior to an external ventricular drain (EVD) 
placement and coiling of an anterior communicating artery aneurysm. 

Subarachnoid hemorrhage (SAH) secondary to a ruptured aneurysm 
represents a common form of intracranial hemorrhage. Patients who 
are anticoagulated and incur a SAH require reversal medications prior 
to undergoing neurosurgical procedures to relieve intracranial pres-
sure secondary to noncommunicating hydrocephalus and to secure 
the ruptured aneurysm.⁸ Idarucizumab, a non-competitive monoclonal 
antibody fragment, binds to dabigatran and inhibits direct thrombin 
inhibition anticoagulation effects. In the REVERSE-AD trial, a total of 
98 subjects presented with an ICH. Of these 98 subjects, the median 
level of unbound dabigatran was reduced from 110ng/ml to 20ng/
ml, indicating complete reversal for 24 hours. However, repeat head 
CTs were not mandated in the REVERSE-AD cohort, so objective findings 
regarding hematoma expansion were not consistently documented.9,10 

CLINICAL CASE #3

A 58-year-old male presented to the ED with the acute onset of confu-
sion and left-sided weakness. His family reported that he had a his-
tory of atrial fibrillation. The patient was taking 10 mg of rivaroxaban 
daily and last received a dose six hours prior to his ED presentation. 

Head CT demonstrated a right basal ganglia spontaneous ICH 
(Figure 3). Based on his rivaroxaban dose, he was given the low dose 
bolus and two-hour infusion of andexanet alfa. He was admitted to 
the ICU and a repeat head CT demonstrated no significant changes.

Spontaneous ICH, sometimes referred to as a hemorrhagic stroke, ac-
counts for 15% of all strokes, and as such, is much less common than 
ischemic stroke.1,11 Although less common, morbidity and mortality 
from ICH is much higher, particularly in patients with anticoagulation-
associated ICH, as they tend to be older, have higher volumes of 
hemorrhage, and are at higher risk of hematoma expansion.⁶ Although 
there are decades of literature describing warfarin-associated ICH, 
newer DOACs such as Factor Xa inhibitors are rapidly rising in use 
as anticoagulants. These agents represent a critical component of 
reversal practices for the emergency physician. Andexanet alfa, a 
specific decoy molecule that binds to anti-Factor Xa drugs such as 
rivaroxaban or apixaban, was approved by the Food and Drug Admin-
istration in May 2018 for reversal in life-threatening hemorrhages. 
The ANNEXA-4 study, a prospective, multicenter open-label trial of 
its use in life-threatening hemorrhages enrolled 227 patients with 
an intracranial hemorrhage. Of those, 71 presented with a primary 
ICH and were evaluated for hemostatic efficacy (HE), defined as 
an increase in volume of < 30% (good efficacy) or <20% (excellent 
efficacy). The overall HE rate in ANNEXA-4 was 22%, consistent 
with patients who receive reversal or repletion therapy in ICH as-
sociated with other anticoagulants such as dabigatran or warfarin.12 

03
FIGURE Non-contrast head CT shows a large 

right-sided basal ganglia hemorrhage.

Image courtesy of Natalie P. Kreitzer, MD

02
FIGURE Non-contrast head CT demonstrates diffuse 

aneurysmal subarachnoid hemorrhage.

Image courtesy of Natalie P. Kreitzer, MD



          13 

A CASE-BASED APPROACH

OPTIMAL MANAGEMENT OF THE ANTICOAGULATED PATIENT WITH LIFE-THREATENING BLEEDING IN THE ED AND ICU: A CASE-BASED APPROACH

REFERENCES 

1. Hemphill JC, Greenberg SM, Anderson CS, Becker K, Bendok BR, Cushman M, 
et al. Guidelines for the management of spontaneous intracerebral hemorrhage: 
a guideline for healthcare professionals from the American Heart Association/
American Stroke Association. Stroke. 2015;46(7):2032-60.

2. Hemphill JC, Lam A. Emergency neurological life support: intracerebral 
hemorrhage. Neurocrit Care. 2017;27(Suppl 1):89-101.

3. Al-Shahi Salman R, Frantzias J, Lee RJ, Lyden PD, Battey TWK, Ayres AM, et al. 
Absolute risk and predictors of the growth of acute spontaneous intracerebral 
haemorrhage: a systematic review and meta-analysis of individual patient data. 
Lancet Neurol. 2018;17(10):885-94.

4. Creutzfeldt CJ, Becker KJ, Weinstein JR, Khot SP, McPharlin TO, Ton TG, et al. 
Do-not-attempt-resuscitation orders and prognostic models for intraparenchymal 
hemorrhage. Crit Care Med. 2011;39(1):158-62.

5. Grandhi R, Harrison G, Voronovich Z, Bauer J, Chen SH, Nicholas D, et al. 
Preinjury warfarin, but not antiplatelet medications, increases mortality in elderly 
traumatic brain injury patients. J Trauma Acute Care Surg. 2015;78(3):614-21.

6. Kuramatsu JB, Gerner ST, Schellinger PD, Glahn J, Endres M, Sobesky J, et 
al. Anticoagulant reversal, blood pressure levels, and anticoagulant resumption 
in patients with anticoagulation-related intracerebral hemorrhage. JAMA. 
2015;313(8):824-36.

7. Paisley MJ, Johnson A, Price S, Chow B, Limon L, Sharma R, et al. Reversal of 
warfarin anticoagulation in geriatric traumatic brain injury due to ground-level falls. 
Trauma Surg Acute Care Open. 2019;4(1):e000352.

8. Joseph B, Pandit V, Khalil M, Kulvatunyou N, Aziz H, Tang A, et al. Use of 
prothrombin complex concentrate as an adjunct to fresh frozen plasma 
shortens time to craniotomy in traumatic brain injury patients. Neurosurgery. 
2015;76(5):601-7; discussion 7.

9. Pollack CV, Reilly PA, Van Ryn J, Eikelboom JW, Glund S, Bernstein RA, et al. 
Idarucizumab for dabigatran reversal—full cohort analysis. N Engl J Med. 
2017;377(5):431-41.

10. Pollack CV, Reilly PA, Eikelboom J, Glund S, Verhamme P, Bernstein RA, et al. 
Idarucizumab for Dabigatran Reversal. N Engl J Med. 2015;373(6):511-20.

11. van Asch CJ, Luitse MJ, Rinkel GJ, van der Tweel I, Algra A, Klijn CJ. Incidence, 
case fatality, and functional outcome of intracerebral haemorrhage over time, 
according to age, sex, and ethnic origin: a systematic review and meta-analysis. 
Lancet Neurol. 2010;9(2):167-76.

12. Connolly SJ, Crowther M, Eikelboom JW, Gibson CM, Curnutte JT, Lawrence JH, 
et al. Full study report of andexanet alfa for bleeding associated with factor Xa 
inhibitors. N Engl J Med. 2019;380(14):1326-35.



14 

OPTIMAL MANAGEMENT OF THE ANTICOAGULATED PATIENT WITH LIFE-THREATENING BLEEDING IN THE ED AND ICU:  

WWW.EMCREG.ORG|  JANUARY 2021

INTRASPINAL BLEEDING IN THE  
ANTICOAGULATED EMERGENCY DEPARTMENT 
PATIENT 

Opeolu M. Adeoye, MD
Professor (with Tenure) and Vice-Chair of Research 
Department of Emergency Medicine
University of Cincinnati College of Medicine
Cincinnati, OH 

Intraspinal hemorrhage is exceedingly rare. The estimated inci-
dence is 0.1 per 100,000 population per year.¹ These estimates 
are derived mainly from case reports/case series and there are 
little organized data available in published literature to inform clini-
cians. Therefore for appropriate, timely diagnosis in the emergency 
department (ED) setting, a high index of suspicion is warranted. 

Intraspinal hemorrhage may be spontaneous, traumatic or iatrogenic. 
Over half of cases have no identified risk factors, and these are classified 
as “spontaneous” intraspinal hemorrhage. Risk factors for spontaneous 
intraspinal hemorrhage are ill-defined but may include arteriovenous 
malformations and anticoagulant use. Some of these “spontane-
ous” hemorrhages may also be due to unrecognized minor trauma.²

Like intracranial hemorrhage (ICH), intraspinal hemorrhage may 
involve the subdural space, epidural space or parenchyma of the 
cord.³ Given the typical slow and progressive clinical presentation, 
the source of bleeding is thought to be venous most of the time. 
Rapid progression of neurological deficits may indicate arterial bleed-
ing or rapid venous bleeding in the context of anticoagulant use.³

CLINICAL CASE

A 63-year-old male with no significant past medical history presented 
to the ED complaining of bilateral clumsy hands three days after a 
fall. His exam was “normal” and he had good strength in his bilateral 
upper and lower extremities. The patient denied any neck or back 
pain. His screening labs were normal and a CT of the head and 
cervical spine was normal. The patient was then discharged home. 
Three days later, he returned with complaints of worsening and per-
sistent “clumsiness” and his exam clearly revealed right greater than 
left bilateral upper extremity weakness. An MRI of the cervical spine 
demonstrated an epidural hematoma in the level of C4-C7 (Figure 1). 

Clinical Management 

In this clinical case, it was not unreasonable to discharge the 
patient initially from the ED following the negative evaluation and 
workup. However, the clinical situation may have been different 
if the patient was on anticoagulant therapy. The clinician’s index 
of suspicion may have been greater, the patient’s symptoms/

deficits could have progressed differently or more rapidly, and the 
neurologic exam may not have been normal three days after the 
injury.  The CT findings may have been indicative of hemorrhage. 
Once an intraspinal hemorrhage is identified, urgent surgical interven-
tion within 12-48 hours is recommended.² Patients who progress rapidly 
due to arterial bleeding or venous bleeding in the context of anticoagu-
lant use may require more timely surgery. Prognostication is not reliable, 
and patients with a poor exam may still have a reasonable recovery. 
There are no established data or clinical guidance for the manage-
ment of intraspinal hemorrhage in the setting of anticoagulant 
use. To extrapolate from guidance on ICH, the 2017 Emergency 
Neurological Life Support states: “A general principle is that any 
ICH occurring in a patient on antithrombotic medications should 
be considered life-threatening due to the risk of hematoma expan-
sion. Interventions to treat coagulopathy are based on this history 
and laboratory information more than on size or location of the 
hematoma or clinical scores.”⁴ Thus, intraspinal bleeding in the 
setting of anticoagulant use should be considered very high risk 
for permanent paralysis with resultant disability for the patient. 
All patients with intraspinal hemorrhage need surgery. Rever-
sal of coagulopathy is crucial prior to surgery. As such, anti-
coagulated patients with intraspinal hemorrhage require rapid 
anticoagulant reversal to facilitate timely surgical management. 

01
FIGURE MRI of cervical spine shows an epidural 

hematoma at the level of C4-C7 (arrow).

Reprinted from Chen Q, Fun-fei F, Tang X, Yu-ling L, Lu C and Guo C. Cervical 
epidural hematoma after spinal manipulation therapy: A case report. BMC 
Musculoskeletal Disorders 2019 20:461-466. 
(http://creativecommons.org/licenses/by/4.0/)
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Summary

Intraspinal hemorrhage may present with slow, progressive symptoms. 
A high index of suspicion in the right clinical context is warranted for 
timely diagnosis. Surgery, such as laminectomy/hemilaminectomy 
and decompression, is the ultimate treatment. Prognostication is 
not reliable, thus all patients with intraspinal hemorrhage require 
surgery to provide the best chance of recovery. In anticoagu-
lated patients, rapid reversal is needed to facilitate timely surgery.
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 Gastrointestinal bleeding remains a relatively common presentation to 
the emergency department (ED).  The care of patients with gastroin-
testinal bleeding includes recognition of the bleeding, clarification of 
an upper versus lower gastrointestinal bleeding source, volume resus-
citation, and termination of the bleeding.  One of the most important 
aspects of the care of patients with gastrointestinal bleeding is assuring 
that the patient has an adequate coagulation system, including both 
sufficient platelets and an adequate coagulation cascade.  If that patient 
is being treated with a parenteral or oral anticoagulation agent such 
as heparin, low molecular weight heparin, warfarin, or a direct oral 
anticoagulant (DOAC), repletion or reversal of the anticoagulant effects 
of the involved agent is imperative to terminate the gastrointestinal 
bleed.  Use of oral anticoagulants like warfarin or the newer DOACs 
is becoming much more common, especially in the elderly patient 
population with a history of recent surgery, deep venous thrombosis/
pulmonary embolism, or atrial fibrillation.  Emergency physicians 
should be familiar with these agents, their mechanisms of action, 
and their reversal agents or in the case of warfarin, repletion therapy.  
Often rapid reversal of warfarin or DOACs in the ED may be the most 
important first step to termination of a severe gastrointestinal bleed, 
especially when surgical or endoscopic therapy is not readily available. 

CLINICAL CASE

Initial Presentation:  A 66-year-old male presented to the ED by 
Emergency Medical Services (EMS) with a history of vomiting blood 
and weakness.  EMS reported a large bright red vomiting spell that 
happened just prior to arrival.   On arrival, the patient was alert 
and cooperative, but appeared pale and sweaty.   His blood pres-
sure was 80/40 mmHg with an irregular pulse of 140 beats per 
minute (bpm).  The paramedic had started an 18-gauge IV in the 
field and the patient had received 500cc of normal saline en route. 

History of Present Illness:  The patient was well until about 
three hours prior to arrival when he started feeling “sick to his 
stomach” and was having constant epigastric pain, nausea, and 
some lower abdominal cramping.  He had a large, loose, black 
bowel movement and felt like he was going to “pass out” on the 
toilet.  Shortly thereafter, he vomited a large amount of bright 
red blood.  He continued to feel very weak and short of breath. 

Past Medical History:    Hypertension, type II diabetes, and atrial 
fibrillation (intermittent), but no history of peptic ulcer disease or 
cirrhosis. 
Medications:  Simvastatin, diltiazem, hydrochlorothiazide, metfor-
min, aspirin, and rivaroxaban.  
Family History:  Unremarkable     
Social History:   History of daily alcohol use, no tobacco use.
Physical Exam:  Vital Signs: blood pressure 80/40 mmHg, pulse 
130 bpm and irregular, respirations 20 per minute, and oxygen 
saturation 97%.    The head and neck exam was unremarkable 
except for dried blood around the mouth.  No nosebleed was 
noted.  His chest was clear and no cardiac murmurs were noted.  
His abdomen was nontender, without guarding, masses, or re-
bound.  His rectal exam revealed melenic stool that was heme 
positive.  His extremities and neurologic exam were unremarkable.

Critical Actions:  

The patient was placed on a continuous cardiac monitor.  A second 
IV was started and he was given 2 liters of lactated Ringer’s solution 
intravenously and was typed and crossed for two units of packed red 
blood cells.   Basic laboratory tests were drawn and sent including a 
complete blood count (CBC), platelets, and coagulation studies.    He 
was administered a proton pump inhibitor intravenously.   A nasogastric 
(NG) tube was placed to wall suction, revealing bright red blood, which 
continued flowing over time.  An electrocardiogram (ECG) revealed 
atrial fibrillation with a rapid ventricular response, but there were no 
ischemic changes noted when compared to an old ECG.  Gastroen-
terology was consulted.   Reversal of anticoagulation was considered.

The decision to reverse the effects of oral anticoagulation requires 
consideration of three basic questions.  First, what is the oral antico-
agulant?   Options include warfarin, which is a vitamin K synthesis 
inhibitor, the direct oral anticoagulants rivaroxaban, apixaban, be-
trixaban, or edoxaban, which are Factor Xa inhibitors, or dabigatran, 
which is a Factor II direct thrombin inhibitor.  Knowledge of the drug 
dosage and timing of the last dose can also guide reversal therapy 
in the ED.  In the case of warfarin, the international normalized ratio 
(INR) is important to assess anticoagulation and guide therapy.
Second, the degree of bleeding must be assessed.  Is there no 
bleeding (and perhaps just an elevated INR)?  Is the bleeding mild or 
moderate?   Or is the bleeding life- or limb-threatening?   The degree 
of bleeding guides the rapidity and aggressiveness of anticoagulant 
reversal (see page 10 of this EMCREG-International monograph 
for a list of Critical Site Bleeds).  Life-threatening gastrointestinal 
bleeding requires rapid and aggressive reversal of anticoagulation. 
Third, what is the appropriate reversal agent and dosage to reverse 
the oral anticoagulant effects?  If the patient has been taking warfarin, 
a vitamin K antagonist, for anticoagulation, repletion of the patient’s 
Factors II, VII, IX, and X as well as protein C and protein S is necessary 
to stop bleeding. The different agents have different mechanisms of 
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anticoagulation, and therefore require different reversal agents.  Memo-
rizing these agents is difficult.  Having a pre-approved guideline or pro-
tocol for anticoagulant reversal is imperative to guide these decisions. 
See page 9 of this EMCREG-International monograph for a description 
of institutional guidelines and pages 5, 6 and 10 for a discussion of 
the various repletion and reversal agents and their dosing information.

Case Resolution

The patient’s lab results came back with a hemoglobin of 8.2, normal 
platelet count, and an INR of 1.2.  His glucose was elevated at 171.   
Because of the patient’s hypotension and uncontrolled bleeding, it 
was determined that anticoagulation reversal was indicated.  Although 
andexanet alfa would have been the drug of choice for the Factor 
Xa anticoagulant rivaroxaban in this situation due to its specificity 
and evidence for its efficacy, it was not on formulary at this hospital.  
Therefore, the patient received four factor prothrombin complex 
concentrate (4F-PCC) 5,000 units intravenously.   Subsequently, the 
patient underwent emergent upper endoscopy.  A briskly bleeding 
gastric ulcer was identified (Figure 1), which was cauterized and 
clipped to terminate the bleeding.  The patient was admitted to the 
intensive care unit, where he was transfused and monitored over 48 
hours.  Cardiology was consulted to address his atrial fibrillation and 
coagulation status.  He was discharged on day 4 in stable condition.  

Gastrointestinal bleeding, complicated by the use of oral antico-
agulants, remains a common medical emergency.  Emergency 
physicians should be familiar with warfarin and the DOACs, their 
mechanisms of action, and their reversal agents.  Often rapid 
reversal of warfarin or DOACs in the ED may be the most impor-
tant first step to termination of a severe gastrointestinal bleed.
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Reprinted with permission from Joon Sung Kim, Sung Min Park, Byung-Wook Kim.
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 Over half of patients who bleed while on extracorporeal membrane 
oxygenation (ECMO) circuits post-cardiotomy require redo-thoracotomy 
to control mediastinal hemorrhage.¹ Overall, more than one-third of 
all patients on ECMO circuits will suffer a bleeding event while on 
circuit irrespective of the rate of thrombosis or circuit failure, and 
many will bleed even without systemic anticoagulation.  Exposure 
to ECMO itself is a risk for bleeding, and the interplay between 
pump physics and ex-vivo biologic interactions with the circuits 
and the patient’s blood products yields a complicated milieu of 
thrombosis and hemostasis which combine to create management 
challenges when patients on ECMO circuits have significant bleeding.

CLINICAL CASE

A 70-year-old white female presented to her cardiologist’s office with 
a complaint of decreased exercise tolerance over the preceding six 
months. She had a history of well-controlled arterial hypertension and 
atrial fibrillation for which she was anticoagulated with a direct oral an-
ticoagulant (DOAC). Workup included a transthoracic echocardiogram 
which demonstrated preservation of left ventricular function with exten-
sive calcifications of the mitral annulus and leaflets with moderate mitral 
stenosis and significant regurgitation. No evidence of coronary artery 
disease was discovered.  The patient was scheduled for mitral valve re-
placement surgery and anticoagulation was discontinued preoperatively.  

On the day of surgery, mitral valve replacement (MVR) with a 25 mm 
bioprosthetic valve was planned via sternotomy under cardiopulmonary 
bypass (CPB) with cardioplegia. CPB was established without difficulty 
and the patient underwent MVR after decalcification of the mitral 
annulus. Intraoperative transesophageal echocardiogram (Figure 1) 
confirmed the preoperative diagnosis and correct placement of the 
MVR was confirmed post-implantation. Upon discontinuation of CPB, 
extensive bleeding was noted in the operative field in the area of the 
posterior mediastinum. The patient was restarted on CPB and the chest 
was explored, revealing an atrioventricular (AV) groove rupture. Stan-
dard surgical repair of the AV groove rupture was performed with op-
posing Teflon strips with preservation of the circumflex marginal vessel. 
 
After surgical repair of the AV groove, the decision was made to centrally 
cannulate for venoarterial (VA) ECMO and add a left ventricular (LV) 

vent to the return circuit (https://thoracickey.com/venting-and-clearing-
of-the-heart/).  The LV vent is a catheter inserted through the LV apex 
to drain blood from the LV into the venous return side of the ECMO 
circuit, thereby decompressing the LV and decreasing the wall stress 
on the repair, increasing the likelihood of successful reapproximation 
of the myocardium. Left ventricular venting also allows for unloading 
of the LV and limits the stroke volume, thereby decreasing the force 
of contraction via inhibition of the Starling mechanism. Once suc-
cessful placement of the ECMO cannulae and vent were confirmed, 
ECMO was started and protamine was given to reverse the activated 
clotting time (ACT) to 180 seconds. After reversal, mild continued 
bleeding in the operative field was noted, but no coagulopathy was 
identified by classical or viscoelastic assay and the chest was tem-
porarily closed and the patient returned to the intensive care unit 
(ICU) under full ECMO support with the goals of correcting medical 
bleeding, ongoing resuscitation, and effective decompression of the LV. 
 

Upon return to the ICU, ongoing bleeding from the mediastinal and 
chest tubes was noted at a rate of nearly 250 mL/hr. Thromboelas-
togram was noted to be normal with no evidence of accelerated clot 
lysis or hyperfibrinolysis and the international normalized ratio (INR) 
was measured at 1.1. Fibrinogen levels were > 200 mg/dL, yet bleed-
ing continued. Resuscitation with component blood products was 
undertaken and a total of five units of packed red blood cells, five 
units of fresh frozen plasma, two units of platelets and one unit of 
cryoprecipitate were given in accordance with recent evidence support-
ing balanced transfusion strategies in ongoing surgical and traumatic 
bleeding. Additionally, the ECMO circuit was optimized to limit the 
pump revolutions per minute (RPM) to attain a cardiac index  (CI) of 
2.2 and thereby decrease shear forces experienced by erythrocytes, 
thrombocytes and von Willebrand factor (vWF). Of note, a Type II vWF 

01
FIGURE Intraoperative transesophageal echocardiogram

confirms mitral regurgitation as demonstrated by 
retrograde blood flow (blue) from the left 
ventricle back into the left atrium.

Image courtesy of Jordan B. Bonomo, MD
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syndrome can be induced by high velocity ECMO flow, which leads to 
uncoiling of high molecular weight multimers of vWF, making it sus-
ceptible to proteolytic cleavage by the metalloproteinase ADAMTS-13 
and thereby disrupting primary hemostasis. The goals of hemostatic 
optimization for patients bleeding while on ECMO are listed in Table 1.
 

Despite effective resuscitation and optimization of hemostatic targets, 
the patient continued to bleed and the decision was made to treat 
with recombinant FVIIa (rFVIIa). Dosing in the literature varies from 
low dose (20 mcg/kg) in surgical and neurosurgical patients to higher 
dose (90 mcg/kg) in trauma patients to highest dose in severe trau-
matic bleeding (120 mcg/kg).  Reported dosing in prior experience 
with patients on ECMO circuits has varied from 20-220 mcg/kg. The 
balance between effective hemostasis and major thrombotic events 
should be weighed carefully when assessing the potential benefit of 
rFVIIa in patients undergoing ECMO therapy.  Major adverse cardiac 
events including myocardial infarction and ventricular thrombus forma-
tion have been reported, as have major ischemic strokes and ECMO 
pump/oxygenator failure necessitating emergent circuit changes. In 
most published series regarding the use of rFVIIa in patients bleeding 
while undergoing ECMO therapy, mortality rates have approached 50%, 
and pediatric thrombosis rates are notably higher than those seen in 
adults. In 2016, a 10-year single-center cohort experience with 30 
patients on ECMO with bleeding requiring rFVIIa was reported. The 
center treated with a single dose of 60 mcg/kg of rFVIIa and reported 
no catastrophic circuit failures, only five patients requiring circuit 
changes which may not have been the direct result of the rVIIa, and 
an overall mortality of nearly 50%.² In a smaller series of 15 patients 
reported in 2013, the mortality of those patients requiring rFVIIa for 
persistent severe bleeding while on ECMO was 60% and the dose 
used was 60 mcg/kg with a repeat dose as needed per discretion 
of the treating physician.³ In this series, the authors reported two 
required circuit changes within 48 hours and one of the 15 pa-
tients progressing to brain death from a presumed ischemic stroke. 

Outcome

In this case, despite optimization of hemostatic targets, bleeding 
continued and the decision to administer rFVIIa was made. Due to the 
low flow of the LV vent drainage cannula, a lower initial dose of  rFVIIa 
was thought to represent a balanced approach to attempted hemo-
stasis and circuit protection. The patient was given 20 mcg/kg with a 
repeat dose two hours later. After the second dose, chest tube output 

was dramatically reduced and repeat chest imaging demonstrated 
clear lung fields and mediastinal contours within limits (Figure 2).  
Hemostasis was maintained for the next 48 hours and the patient 
returned to the operating room for peripheralization of ECMO cannulae 
and mediastinal washout. Intraoperatively, multiple clots in the LV, 
mitral annulus and LV vent were noted and the patient was transitioned 
to a direct thrombin inhibitor (DTI) for a potential diagnosis of heparin 
induced thrombocytopenia corresponding to a drop in platelets and 
concern for a new hypercoagulable state. Despite ongoing efforts to 
maintain anticoagulation with a DTI, the patient developed a worri-
some neurologic exam and on cranial CT scanning was found to have 
an acute ischemic stroke in the left middle cerebral artery territory. 
Additional body imaging via CT demonstrated multiple thrombotic 
events including multiple organ infarcts and necrosis.  At the behest 
of the family, the patient was transitioned to comfort care, interven-
tions were de-escalated, and life-sustaining therapies were withdrawn. 

The Future: Anticoagulation-Free ECMO?

Despite years of effort to understand the mechanisms that underlie 
the balance between coagulopathy and thrombosis in patients re-
ceiving ECMO therapy, much remains unknown. The risk of bleeding 
while on ECMO is high enough that some authors have advocated 
the use of heparin-free, anticoagulation-free ECMO for some pa-
tients.  In the largest systematic review of this practice, the authors 
report that even without anticoagulation, the rate of major bleeding 
remained over 30%.¹ Currently, there are suggestions that with 
heparin bonded circuitry, as long as ECMO flow rates remain greater 
than four liters per minute, the rate of thrombosis is acceptably 
low. In patients with extreme risk of bleeding or active hemorrhage, 
the withholding of anticoagulation may be a reasonable practice. 

01
TABLE Targets for Hemostasis Optimization

•  Acidosis [pH > 7.2]
•  Hypothermia [T > 36 C]
•  Correct hypocalcemia
•  Platelets > 50,000

•  Hematocrit > 24%
•  Fibrinogen > 100 mg/dL
•  TEG normalized
•  Lowest RPM for CI 2.2 – 2.8

02
FIGURE Anteroposterior chest x-ray demonstrates clear 

lung fields and mediastinal contours within limits.

Image courtesy of Jordan B. Bonomo, MD
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Emergency trauma care is challenging due to the wide variety of 
traumatic injuries that can present to the emergency department 
(ED).  Outside of the primary survey and lifesaving stabilization, 
medical optimization and resuscitation quickly take priority in severely 
injured patients.  Therapeutic anticoagulation as well as the acute 
coagulopathy of trauma both pose life-threatening risks for traumati-
cally injured patients.  Both conditions require emergency correction 
to optimize patient outcomes.  Up to 40% of traumatic deaths are 
a result of hemorrhage, and this is the leading preventable cause 
of trauma-related death.¹  One priority is to identify any therapeutic 
anticoagulant in order to determine if a specific plan or agent is 
available for reversal or repletion of clotting factors.  Resuscitation 
with crystalloid and factor-poor blood products leads to dilution of 
clotting factors.  If a patient’s medications are unknown, or they 
exhibit signs of the coagulopathy of trauma, the team must have 
tests to identify the presence of coagulopathy and a plan to treat and 
restore normal coagulation.  The optimal approach is cognizant of the 
“lethal triad” of trauma and the importance of concomitant correction 
of hypothermia and acidosis to prevent worsening of coagulopathy. 

CLINICAL CASE

A 65-year-old male was involved in a high-speed motor vehicle accident.  
He was the unrestrained driver of a vehicle that was struck by another 
automobile on a rural highway.  There was a prolonged extrication. He 
subsequently received spinal motion restriction and was transported to 
the trauma center ED by ground Emergency Medical Services (EMS).  
His past medical history included hypertension, poorly controlled dia-
betes (hemoglobin A1c 8.2%), obesity (body mass index 32), chronic 
obstructive pulmonary disease, atrial fibrillation, and coronary artery 
disease.  His past surgical history was notable for coronary artery 
bypass grafting five years ago and a knee arthroplasty two years ago.  
Pertinent medications for the patient included apixaban and aspirin, 
in addition to an anti-hypertensive.  He also was on medications 
for glycemic control, and took inhalers and lipid-lowering agents.  

Initial evaluation in the ED revealed an ill-appearing and diaphoretic 
male with a rapid respiratory rate.  He was on a spinal immobilization 
backboard and had a soft Philadelphia cervical collar applied.  The 
patient was tachycardic (128 beats per minute), hypotensive (blood 

pressure 84/48 mmHg), tachypneic (respiratory rate 30 breaths per 
minute), and had a normal pulse oximetry of 100% on a non-rebreather 
mask.  The primary survey revealed a patent airway without blood or 
obstruction. He was protecting his airway.  Although the patient was 
tachypneic, his breathing was not labored, and he was able to speak 
in full sentences.  He had weak but palpably present distal pulses in 
the radial and dorsal pedis arteries, with delayed capillary refill.  The 
extremity exam revealed an open, displaced fracture of the right distal 
lower extremity, but the patient was able to move all four extremities.  

The patient was exposed in the trauma bay and two 18-gauge in-

travenous lines were established by the nursing staff in his upper 
extremities.  He was awake and alert and followed commands. While 
he was able to answer questions, he was noted to be confused 
and oriented only to person and time, but not location or situa-
tion. His lungs were clear with symmetric excursion and without 
wheezing.  His chest wall did not have crepitus or subcutaneous 
emphysema.  The patient’s abdomen was tender to palpation with 
voluntary guarding; he had diffuse ecchymosis on his abdominal 
wall, consistent with a “seatbelt sign.”  His pelvis was stable and he 
did not have any spinal tenderness from the first cervical vertebrae 
to the sacrum.  The open fracture of his right lower leg was not 
actively bleeding, and there were good pulses distal to the fracture.  

Laboratory profiling revealed a white blood cell count of 23,000, he-
moglobin 11.8 g/dL, platelets 225,000, and evidence of acute kidney 
injury with a mildly increased serum creatinine (1.7 mg/dL), blood urea 
nitrogen (BUN, 30 mg/dL), and glucose (400 mg/dL).  The coagula-
tion studies were also abnormal with a prothrombin time (PT) of 20.2 
seconds, international normalized ratio (INR) of 1.7, and an activated 
partial thromboplastin time (aPTT) of 42 seconds.  A venous blood 
gas demonstrated a metabolic acidosis with a pH 7.27, normal partial 
pressure of carbon dioxide (40 mmHg), a bicarbonate of 19 mEq/L and 
an elevated lactate (6 mmol/L).  A chest x-ray was obtained that was 
normal.  A Focused Assessment with Sonography for Trauma (FAST) 
was performed by the emergency physician. It was technically adequate 
and negative for free fluid in the abdomen or pericardial effusion.  The 
patient was transfused with one unit of packed red blood cells and one 
unit of fresh frozen plasma due to his hemodynamic instability and 
initial laboratory derangements.  His heart rate improved to 100 beats 
per minute, and his blood pressure increased to 108/74. A CT series 
for trauma was obtained, including the head, cervical spine, abdomen 
and pelvis, with reconstruction images of the thoracic and lumbar 
spines.  The non-contrast head CT demonstrated scattered traumatic 
subarachnoid hemorrhage and small cerebral contusions of the right 
frontal and left parietal lobes (Figure 1).  The abdomen CT demon-
strated a grade V liver laceration (Figure 2) without significant hemo-
peritoneum.  Apixaban and aspirin therapies were confirmed as was 
administration of that day’s dose in the morning preceding the accident.  
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Emergency Medicine Trauma Resuscitation Priorities

 The anticoagulated and traumatically injured patient should be evalu-
ated as any other trauma patient with a consistent and systematic 
approach.  This approach should include a methodical primary survey 
focusing on Airway, Breathing, Circulation, Disability and Exposure 
(ABCDE), identifying and treating immediate life-threatening injuries.  
The secondary survey occurs after initial stabilization of the patient, 
and is a rapid and thorough head-to-toe examination in order to 

identify all significant injuries and critical sites for hemorrhage (see 
page 10 of this EMCREG monograph for a list of Critical Site Bleeds).  
Pertinent patient medical history, medications, and information about 
the injury should be obtained during the secondary survey.  Trauma 
is often dynamic, and frequent reassessment is mandatory.  In the 
event of an exsanguinating injury, with or without anticoagulation, 
source control is critical.  This can include direct compression, 
tourniquet application, embolization with interventional radiology, 
and/or surgery such as exploratory laparotomy, thoracotomy, cra-
niotomy, and open reduction/internal fixation of orthopedic injuries.

Assessment of Anticoagulation Status

A complete past medical and surgical history, including a complete and 
accurate medication reconciliation, is often not possible during the acute 
resuscitation of a critically injured trauma patient.  Any medication that 
a patient is prescribed and takes on a regular basis is important, but it 
is critical to identify anticoagulant or antiplatelet medications as they 
particularly impact the hemorrhagic nature of trauma injuries.  When 
a patient’s mental status permits sharing current prescriptions, antico-
agulation is generally easy to identify, even if the patient does not know 
the indication or dosing.  When the patient's mental status is altered 
or obtunded this becomes more challenging, and the provider must 
rely on communicating with EMS, family, the electronic health record 
(EHR), or communicating with outside health systems for information.  

Routine laboratory testing may reveal clues that link to a particular 
therapeutic anticoagulant, but this is often unreliable.  Vitamin K 
antagonists such as warfarin cause predictable increases in PT and 
INR.  Factor Xa inhibitors and direct thrombin inhibitors do not have 
reliable or efficient tests available in the ED, but can give clues to 
their presence with changes in the anti-Xa level  for Factor Xa in-
hibitors as well as PTT and dilute thrombin time for direct thrombin 
inhibitor levels.  Thromboelastography can be helpful in identifying 
disorders of coagulation attributed to pharmacology or trauma.  
Platelet function assays can be used to determine activity of agents 
such as aspirin or clopidogrel.  With the direct-acting oral anticoagu-
lants (DOACs), it is important to determine the time from when the 
patient took their last dose as well as the patient’s renal function.

Coagulopathy of Trauma

There is a unique coagulopathy of trauma that can confound or 
contribute to a patient’s pharmacologically anticoagulated state.  In a 
hemorrhaging patient, coagulopathy develops due to consumption of 
coagulation factors and dilution.  Hyperfibrinolysis further contributes 
to this coagulopathic state.   The combination of the dilution/consump-
tion of coagulation factors with acidosis and hypothermia creates the 
“lethal triad of trauma.”  The evidence has changed significantly over 
the past 20 years, and medical management has progressed from 
the initial resuscitation with crystalloid fluids to early and aggressive 
blood product resuscitation, particularly with coagulation factor-rich 

01
FIGURE Non-contrast head CT demonstrates

hemorrhagic contusions (arrows).

Image courtesy of William A. Knight, MD

02
FIGURE Abdominal CT with intravenous contrast shows

a Grade V liver laceration (arrow).

Image courtesy of William A. Knight, MD
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products.  It is important for a system to have a multidisciplinary 
and collaborative approach to identify the best protocol for evidence-
based blood product resuscitation.  Options include packed red blood 
cells, whole blood, fresh frozen plasma, platelets, and various ratios 
of combining these products to ensure factor-rich resuscitation.  

The mantra of treating any coagulopathy in trauma should include 
“resuscitation, reversal and repletion.”  One must approach each 
patient with a critical analysis regarding the benefits (and risks) of 
reversing anticoagulation versus the risk of thromboembolism (Figure 
3).  In addition to blood product resuscitation, specific reversal agents 
must be considered as well.  These include vitamin K replacement for 
those taking vitamin K antagonists as well as fresh frozen plasma. Four 
factor prothrombin complex concentrates (4F-PCCs) containing vitamin 
K dependent Factors II, VII, IX, and X as well as protein C and protein 
S are another low volume option with excellent efficacy for vitamin 
K inhibitors, and weaker efficacy for DOACs.  It is important for the 
clinician to note that it will take multiple hours to days for vitamin K 
to return hepatic synthesis of vitamin K dependent coagulation factors 
to normal circulating levels. Andexanet alfa is approved for reversal 
of Factor Xa inhibitors, and the monoclonal antibody fragment idaru-
cizumab has been approved for the reversal of the direct thrombin 
inhibitor dabigatran.  There is some evidence to support the use of 
desmopressin or platelet transfusion when platelet function is affected. 

The severity and location of the bleed, as well as surgical op-
tions and availability of the surgeon must be considered dur-
ing any reversal of anticoagulation decision.  The availability of 
a specific reversal agent versus off-label use of PCCs can also 
impact a clinician’s resuscitation options and decision-making.  

Case Resolution

The patient was resuscitated by the emergency medicine and trauma 
surgery teams.  His blood pressure decreased to 90/50 upon returning 
from the CT scanner.  He was transfused with an additional one unit of 
packed red blood cells, one unit of fresh frozen plasma and a 6-pack 
of platelets.  Given his morning dose of apixaban, he was administered 
andexanet alfa due to his intracranial hemorrhage and his presumed 
hemorrhagic shock from his grade V liver laceration.  Due to the persis-
tent hypotension, he was taken directly to the operating room with the 
trauma team for exploratory laparotomy and management of the liver 
laceration.  After the patient was stabilized by the trauma team, the 
orthopedic surgeon performed an open reduction and internal fixation 
of his open tibia/fibula fracture. He was transferred to the intensive 
care unit (ICU) for ongoing resuscitation and management of his mul-
tiple injuries.  He had a repeat head CT which was stable and without 
hemorrhagic expansion.  The patient required ICU resuscitation and 
management for five days and was ultimately transferred to a long-term 
acute care hospital for rehabilitation on day 7.  His anticoagulation for 
atrial fibrillation was held for two weeks given his intracranial hemor-
rhage, and deferred to his primary care physician for optimal timing 
to resume this therapy.  The patient ultimately made a full recovery.   
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The most common cause of preventable death following injury is hemor-
rhage. This is the basis for the concept of “damage control” surgery and 
resuscitation, both of which are now standards of care in trauma surgery. 
However, there are no data upon which one can design the treatment 
strategy for injured patients on direct oral anticoagulant agents (DOACs). 

Damage control surgery is centered on the philosophy that there is no 
need to definitively repair all injuries in the initial operation for stabiliza-
tion when a patient presents to the emergency department (ED) with 
multisystem injury and/or in extremis. The approach is based on the 
United States Navy, which has “damage control” teams whose job is 
to make a ship seaworthy when it is damaged. This is in distinction 
to “repair” teams, whose job is to definitively repair a ship – a task 
that can take a very long time with multiple specialty teams (e.g., 
electricians, welders) being asked to participate at various time points. 

Damage control resuscitation is based on the concept of “trauma- 
induced coagulopathy,” which predicts that otherwise healthy 
individuals who experience significant traumatic injury will develop 
a severe coagulopathy due to the degree of tissue disruption.¹ This 
concept is the basis for a 1:1:1 transfusion ratio of packed red blood 
cells:plasma:platelets to address actual or impending coagulopathy 
in hemorrhaging patients. The approach has been shown to sig-
nificantly lower mortality, especially mortality due to hemorrhage, 
in injured patients.² Although there are no studies validating this 
approach in anticoagulated patients, the general consensus is that 
the approach is still warranted because the associated risk is low 
and it might mitigate the worsening coagulopathy that may develop 
in addition to the pharmacologic anticoagulation already present. 

The challenge in determining how to alter standard therapy for a pa-
tient who is on a DOAC prior to injury is in determining the degree of 
anticoagulation present. Because there are no readily available tests to 
assess the degree of anticoagulation, as is done using the international 
normalized ratio (INR) for warfarin, one has to use qualitative variables 
to determine the degree of anticoagulation and define management 
approach. Such factors include: time from last dose of DOAC to pa-
tient presentation, renal and liver function to determine clearance of 
the drug, the location and severity of hemorrhage present, surgical 
options available to arrest hemorrhage (e.g., tourniquet for extremity 
hemorrhage), and the availability of reversal agents for the specific 

DOAC ingested. There are no specific cut-points to determine when or 
how to intervene for any of these variables, but many authors suggest 
that if a DOAC was ingested more than 12-18 hours from the time of 
injury, the impact of the DOAC on bleeding is not likely to be significant. 

Because of the initial scarcity of the DOAC-specific reversal agents, 
idarucizumab for dabigatran and andexanet alfa for apixaban and 
rivaroxaban, as well as the cost associated with these agents, 
many centers utilize four factor prothrombin complex concentrate 
to reverse anticoagulation due to DOACs.³ However, there are no 
well-designed human studies upon which to base this strategy. 
Conversely, the studies supporting the use of andexanet alfa⁴ and 
idarucizumab⁵ do not have a control arm and also have significant 
limitations in assessing clinically relevant outcomes. Nonetheless, 
from a mechanistic perspective, use of these agents to reverse the 
specific DOAC for which they are designed makes logical sense.

CLINICAL CASE

An 89-year-old female nursing home patient was brought to the 
emergency department after being found down. She had moderate 
to advanced baseline dementia. The patient was confused/agitated 
but seemed to be complaining of left hip pain. She was on apixaban, 
with the last dose less than 12 hours ago, for atrial fibrillation. The 
patient also had a cardiac pacer with a fixed ventricular heart rate. Her 
initial blood pressure was 130/80 mmHg with a pulse of 60 beats per 
minute (bpm). Within 90 minutes, her blood pressure had dropped 
to 60/40 mmHg with the pulse rate of 60 bpm. She had a scalp 
laceration, which was bleeding. Chest x-ray, abdominal ultrasound, 
and pelvic x-ray were negative. Whole-body CT scan showed small 
bilateral subdural hemorrhages as well as a complex left acetabulum 
fracture with active hemorrhage (Figure 1). Emergency transfusion 
was started and interventional radiology was consulted for embolo-

01
FIGURE Pelvis CT with intravenous contrast 

demonstrates a left acetabular fracture 
with an associated focus of hemorrhage
(arrow).

Image courtesy of Babak Sarani, MD
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therapy of the pelvis. The patient was treated with andexanet alfa. 
On angiography, no hemorrhage was noted and the patient’s blood 
pressure normalized and stabilized. Approximately six hours later, the 
patient underwent a repeat CT of the head, which showed redistribu-
tion of the subdural hemorrhage but no ongoing bleeding. The patient 
became progressively more somnolent over the next one to two days 
and was placed in a “comfort measures only” status by her family. 
  

Should this example be considered a success or failure of andexanet 
alfa? The patient was ultimately transferred to hospice, but there 
was no ongoing or recurrent bleeding after andexanet alfa was 
administered. Most likely, the patient succumbed to her underlying 
brain injury and dementia. Thus, the drug achieved its therapeutic 
goal of stopping the two foci of bleeding, even though the clinical 
endpoint of decreased mortality was not met. This example high-
lights the difficulty in treating such patients. It certainly is possible 
that the bleeding would have stopped without the reversal agent, 
especially since there was no way to reliably assess how much 
active drug she had in the serum at the time of injury. Without a 
quantitative test to measure the anticoagulation associated with 
DOACs, the decision regarding administration of the reversal agent 
remains a clinical one based on the previously mentioned variables.  
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1. Which of the following statements regarding the dosing of 
direct thrombin inhibitors or Factor Xa inhibitors is TRUE?

A. Renal function should always be considered and may require 
dose modification.

B. Hepatic metabolism is the primary source of drug clearance.

C. Dosing is not affected by renal or hepatic function.

D. Dosing should be modified based on the patient’s INR.

2. In acutely hospitalized patients over the age of 40 who are 
at risk for venous thromboembolism (VTE), which of the 
following statements is TRUE?

A. The direct oral anticoagulants (DOACs) have been deter-
mined to be too risky for use as prophylaxis against VTE in 
hospitalized patients.

B. In large studies, both betrixaban and rivaroxaban have been 
shown to be effective for VTE prophylaxis in hospitalized 
patients at risk for VTE.

C. For the admitted patient who is at risk for venous thrombo-
embolic disease and is being treated with anticoagulation, 
renal function is not a factor in dosing.

D. Oral anticoagulation is not considered an appropriate method 
of preventing thromboembolic disease in acutely ill hospital-
ized patients.

3. Regarding the management of oral anticoagulant related 
hemorrhage, which of the following statements is  
CORRECT?

A. Life-threatening hemorrhage is common.

B. Initial management should focus on resuscitation and source 
control.

C. All patients who experience oral anticoagulant related  
bleeding require administration of a reversal agent.

D. In the context of blunt trauma, the mortality for patients  
taking direct oral anticoagulants is higher than for those  
taking warfarin.
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4. Which of the following reversal-repletion strategy : oral 
anticoagulant combination is INCORRECT?

A. Idarucizumab : dabigatran

B. Andexanet alfa : apixaban

C. 4-factor prothrombin complex concentrate (PCC) : warfarin

D. Fresh frozen plasma : clopidogrel

5. According to the 2020 ACC Expert Consensus Decision 
Pathway on Management of Bleeding in Patients on Oral 
Anticoagulants, which of the following types of hemorrhage 
could be considered a critical site bleed?

A. Pericardial tamponade

B. Posterior epistaxis

C. Retroperitoneal hemorrhage

D. All of the above

6. A 75-year-old woman with a history of hypertension and 
atrial fibrillation presents to the emergency department 
(ED) after a fall down a flight of stairs. She has a Glasgow 
Coma Scale (GCS) of 13 and a non-contrast head CT  
demonstrates an acute, moderate-sized subdural  
hematoma. You determine from her husband that she is  
on apixaban and that her last dose was approximately 6 
hours ago. The reversal agent andexanet alfa is  
available at your institution. In addition to the administra-
tion of andexanet alfa, what additional measures should be 
considered?

A. Activated charcoal

B. Vitamin K

C. 4-Factor PCC

D. Platelet transfusion

E. None of the above



          27 

A CASE-BASED APPROACH

OPTIMAL MANAGEMENT OF THE ANTICOAGULATED PATIENT WITH LIFE-THREATENING BLEEDING IN THE ED AND ICU: A CASE-BASED APPROACH

7. Which of the following is a sign that a patient’s gastrointes-
tinal bleeding is life-threatening?

A. Melenic stool

B. Hypotension not responsive to fluid resuscitation

C. Tachycardia

D. Anticoagulation due to an oral anticoagulant

8. In an 80-year-old patient who has a traumatic subdural 
hematoma with a GCS of 14 and last took apixaban two 
hours ago, when should reversal of anticoagulation take 
place? 

A. Immediately after diagnosis of intracranial hematoma

B. Within the first 4 hours

C. Within the first 12 hours

D. If the patient’s exam worsens or the subdural hematoma is 
larger on a repeat head CT

9. Which of the following is the best reversal strategy for a 
patient who presents to the ED with a warfarin-associated 
intracranial hemorrhage? 

A. PCCs only

B. Andexanet alfa

C. PCCs and vitamin K

D. Fresh frozen plasma and vitamin K 

10. All of the following statements regarding intraspinal bleed-
ing are correct EXCEPT:

A. Intraspinal bleeding is exceedingly rare.

B. Prognostication is unreliable and decompressive surgery 
should be performed regardless of exam findings.

C. Risk factors may include arteriovenous malformations and 
anticoagulant use.

D. Given the usual rapid progression of neurologic deficits, the 
bleeding source is thought to be arterial most of the time.

11. For the management of bleeding in patients on ECMO, 
all of the following are correct hemostasis optimization 
targets EXCEPT:

A. pH > 7.2

B. Temperature > 36°C

C. Fibrinogen > 50

D. Platelets > 50,000

12. Even without systemic anticoagulation, case series have 
described bleeding rates for ECMO patients exceeding 
30%. 

A. True

B. False 

13. Which of the following is NOT a part of the “lethal triad of 
trauma?”

A. Acidosis

B. Coagulopathy

C. Hemorrhage

D. Hypothermia

14. Approximately what percentage of traumatic deaths occur 
as a result of hemorrhage?

A. 20%

B. 40%

C. 60%

D. 80%

15. The most appropriate time to administer a pharmacologic 
reversal agent for a direct oral anticoagulant is:

A. Prior to emergency operation in a hemorrhaging patient 

B. Prior to elective surgery in a patient with atrial fibrillation

C. During an operation if bleeding is encountered 

D. In the recovery room after attempts to stop bleeding following 
operation have failed

  (Answer sheet  next page)
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