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Objectives Objectives 
• Review current anticoagulant reversal options
• Evaluate the place in therapy for andexanet alfa
• Describe the use of thromboelastography (TEG) to aid 

in selection of pharmacologic reversal agents
• Summarize the risks associated with massive transfusion 
• Discuss the potential of oxygen carriers as a 

therapeutic alternative for life threatening anemia
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Oral Anticoagulation Oral Anticoagulation 
• National trends significantly increased

• More frequent utilization & longer durations 
• 2.05 million to 2.83 million office visits quarterly

• Steady increase in oral anticoagulation (OAC) 
presenting to the ED 
• Rates of admissions on OAC have doubled 

• Shift towards direct oral anticoagulants (DOAC)

#FSHP2018

Barnes GD, Am J Med 2015;128(12):1300-1305.
Ganetsky M. J Emerg Med 2015;49(5): 693-7. 4

Oral AnticoagulationOral Anticoagulation
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Zhu J, PhD Dissertation Bloomberg school of public health. January 23, 2018  5 Oral Anticoagulation 
Bleeding
Oral Anticoagulation 
Bleeding

• Greater safety margin with DOACs
• Directed mechanism of action 
• Lower incidence of ICH
• Higher rate of gastrointestinal 

bleeding

• 2nd bullet
• 3rd bullet

Factor VII 
activity 

• Higher [TF] in 
cerebral 
vasculature

Site of 
absorption

• Lower GI tract 
• Lower > upper

Administration 
of active 
moiety

• Topical effect ?
• Inhibition of 

healing 

Intracranial 
Hemorrhage 

(%/yr)

Gastrointestinal 
Bleed (%/yr)

Dabigatran 0.3 1.51
Rivaroxaban 0.5 2
Apixaban 0.3 0.76
Warfarin 0.8 1.02

#FSHP2018

Abed HS, J Atr Fibrillation. 2017 Dec 31;10(4):1634. 
Almegren M. Vasc Health Risk Manag.2017;13:287-292

Levy JH, Nat Rev Cardiol. 2018 Jan 18. [Epub ahead of print]
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Bleeding Outcomes Bleeding Outcomes 

Less blood products
Shorter ICU LOS 
Lower risk of severe 
bleeding 
Less immediate 
elaborate interventions
Lower hospital mortality 

Reversal available 
Higher rate of ICH 
More blood product 
utilization
Greater in-hospital 
mortality 

#FSHP2018

DOAC Warfarin

Xu Y. Chest 2017;152(1):81-91
Hallenbart EL. Vasc Health Risk Manag. 2017;13:325-3427

Oral Anticoagulation Oral Anticoagulation 
• Complicates bleeding populations

• Standard resuscitation approaches 
• Requirement of reversal agents 

• 1940s – 2008 VKAs only available oral agent 
• Complex pharmacokinetics/pharmacodynamics
• Reliable reversal 

Alla P, J Assoc Physicians India. 2014 Jun;62(6 Suppl):6-9
Xu Y, Chest 2017;152(1):81-91

Hallenbart EL. Vasc Health Risk Manag. 2017;13:325-342
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•Fresh frozen plasma (FFP)
•Prothrombin complex concentrate (PCC) 
•Recombinant factor VII (rFVIIa) 
•Factor eight inhibitor bypassing agent (FEIBA)

Factor products 

•Tranexamic acid (TXA)
• ε-aminocaproic acid 

Inhibitors of fibrinolysis 

•Protamine 
•Idarucizumab 
•Andexanet alfa 
•Ciraparantag

Direct reversal

9

VKA reversal VKA reversal 
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• Vitamin K 
supplementation 

• Rapid and 
prolonged 
reversal

FFP

• PCC 
• rFVIIa
• FEIBA

Novel factor 
products • 3 vs. 4 factor

• Fixed dose 

Variance in 
strategies 

Goldstein JN, Lancet 2015;385:2077-87
Sarode R, Circulation 2013;128:1234-1243

Tanaka KA,.  Thromb Res. 2007;119(5):643-51. Epub 2006 Jul 13.
Yin EB, Neurocrit Care. 2017 Aug;27(1):51-59. 
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VKA reversal VKA reversal 
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• Studies supporting PCC in VKA 
associated bleeding 
• 3 factor vs. 4 factor 
• Fixed vs. variable dose

• Products containing adequate II & X
• rFVIIa failed to restore coagulation 
• FEIBA & PCC similar efficacy

2 RCTs 4-factor PCC vs. 
FFP 

1 non-inferiority
1-superiority 

Rate of INR reduction 
remained consistent 

across the evidence? 

Superiority? 
30% more blood loss 

INR ≤1.3 at 0.5 h after the end 
of infusion

Goldstein JN, Lancet 2015;385:2077-87
Sarode R, Circulation 2013;128:1234-1243
Tanaka KA, Thromb Res. 2008;122(1):117-23. Epub 2007 Oct 31.
Dickneite G. Thromb Res. 2007;119(5):643-51. Epub 2006 Jul 13.
Yin EB, Neurocrit Care. 2017 Aug;27(1):51-59. doi: 10.1007/s12028-017-0383-x.

INR goals
FFP dosing

Bleeding endpoints 
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DOAC reversal DOAC reversal 
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• Introduction of DOACs preceded reversal options 
• Factor product supported by animal models 

• 3 retrospective clinical studies 

DOAC factor 
inhibition

• X or II 

Factor X or II 
supplementation 

• Bypassing agent 
vs. active drug 
dilution 

Activation of 
intrinsic/extrinsic 
pathways

• Hemostatic 
restoration

• Prothrombotic?  

Schulman et al. 
Acute bleeding  

• 25 IU/kg 4-factor PCC
• Rivaroxaban or apixaban 
• 16.9 hrs from previous dose 
• Good hemostasis 65%
• Thromboembolism 8% 
• Death 14%

Piran et al.
Surgery/invasive procedures 

• 26 IU/kg 4-factor PCC
• Rivaroxaban or apixaban
• Good hemostasis 85%
• No thromboembolic events  

Majeed et al. 
Acute bleeding

• 26.7 IU/kg 4-factor PCC 
• Rivaroxaban or apixaban
• Effective 69.1%
• Thromboembolism 5%
• Death 32%

Schulman S, Thromb Haemost. 2018 Mar 21. [Epub ahead of print]
Majeed A, Blood. 2017;130(15):1706-1712

Piran S, J Thromb Thrombolysis. 2018 May;45(4):486-495. 
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Piran S, J Thromb Thrombolysis. 2018 May;45(4):486-495. 
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DOAC reversal DOAC reversal 
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Siegal D, Blood Adv. 2017 Sep 22;1(21):1827-1838. 
Milling TJ, Am J Med 2016;129:S80-S88

Pollack CV, N Engl J Med 2017;377(5): 431-441

Ciraparantag 
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REVERSE-AD REVERSE-AD 
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• 2 arm prospective trial (n=503)1
• Actively bleeding 
• Emergency surgery 

• 100% reversal within 4 hrs 
• Time to bleeding cessation 2.5 hrs
• Time to surgery 1.6 hours 

• Median pre-dose 110 ng/mL 
• Post dose < 20 ng/mL 
• 23% rebound after 12 hours 

• 4.8% thrombosis at 30 days

Recombinant 
immunoglobulin 

5g dose intended to 
reverse 200% therapeutic 

ranges 

Bound 
complex for ~ 

260 hours 

Vd 8.7 L = 
limited 

extravascular 
distribution

Binds 
thrombin 

binding site 
of 

dabigatran 

350 times 
greater than 

thrombin 
binding 

Pollack CV, N Engl J Med 2017;377(5):431-41
15

Andexanet AlfaAndexanet Alfa
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• Factor X decoy via alanine 
substitution at 419 
• Universal Xa inhibitor reversal 
• Dose dependent
• Prothrombotic?  tissue factor pathway 

inhibitor 

• Infusion duration chosen based on 
coagulation
• Rebound effect 2 hrs post infusion 

• May 3, 2018 FDA approved

Apixaban

400 mg 
bolus 

4 mg/min 
for 120 min 

Total 880 
mg

Rivaroxaban 
or edoxaban

800 mg 
bolus

8 mg/min 
for 120 min

Total 1,760 
mg

Hu TY, Vascular Health and risk management 2016;12:35-44
16

ANNEXA TrialsANNEXA Trials

Primary 
outcome 

Secondary 
outcome 

ANNEXA-A
48 healthy volunteers 

given apixaban 

Anti-Xa change

> 80% reversal of anti-
Xa activity 

ANNEXA-R
53 healthy volunteers 

given rivaroxaban 

Anti-Xa change

> 80% reversal of anti-
Xa activity 

Apixaban 5mg BID 
for 3 days 

Rivaroxaban 20 mg 
daily for 4 days 

Part 1 bolus only 
Part 2 bolus + 

infusion 

#FSHP2018

Sartori M, J Thromb Thrombolysis. 2018
Connolly SJ, Milling TJ, New Engl J Med 2016;375:1131-41 

Siegal DM, N Engl J Med 2015;373:2413-24.
17

ANNEXA TrialsANNEXA Trials
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Efficacy
- Change in Xa 

activity
- Hemostasis  

Safety 
- Thrombotic 

events 
- Antibodies

- Death

61% ICH 
27% GIB 

12% other
(n=227)

Andexanet-
alfa in 
major 

bleeding
ANNEXA-4

Entire Cohort 
Excellent or good hemostasis 83%

Thrombosis at 30 days 11%
Death at 30 days 12%

Intracranial hemorrhage
Excellent or good hemostasis 83%

Thrombosis at 30 days 11%
Death at 30 days 12%

Connolly SJ, New Engl J Med 2016;375:1131-41 18
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ANNEXA TrialsANNEXA Trials
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Sartori M, J Thromb Thrombolysis. 2018
Connolly SJ, Milling TJ, New Engl J Med 2016;375:1131-41 

Siegal DM, N Engl J Med 2015;373:2413-24.
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ANNEXA TrialsANNEXA Trials
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Efficacy
- Change in Xa 

activity
- Hemostasis  

Safety 
- Thrombotic 

events 
- Antibodies

- Death

61% ICH 
27% GIB 

12% other
(n=227)

Andexanet-
alfa in 
major 

bleeding
ANNEXA-4

Entire Cohort 
Excellent or good hemostasis 83%

Thrombosis at 30 days 11%
Death at 30 days 12%

Intracranial hemorrhage
Excellent or good hemostasis 83%

Thrombosis at 30 days 11%
Death at 30 days 12%

Sartori M, J Thromb Thrombolysis. 2018
Connolly SJ, Milling TJ, New Engl J Med 2016;375:1131-41 

Siegal DM, N Engl J Med 2015;373:2413-24.
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Ciraparantag Ciraparantag 
• Small Synthetic and cationic molecule 

• Pharmacokinetic benefits
• Dose dependent reversal 
• No identified prothrombotic complication

• Similar bleeding cessation vs. andexanet 
• 30:1 vs. 1:1 
• Single dose

#FSHP2018

Universal 
reversal 

Heparinoids

Direct 
thrombin 
inhibitors

Direct/ 
Indirect  

Xa 
inhibitors

Animal & in vitro Models 

Hu TY, Vascular Health and risk management 2016;12:35-44
Ansell JE,.  Thromb Haemost 2017;117:238-245. 21

Xa Inhibitor Reversal Xa Inhibitor Reversal 
• Reversal agents available but evidence is limited

• No comparative outcomes

• Factor products containing VIIa 
• Thrombosis risk vs. intrinsic disease

• ANNEXA lowest A-fib population

• No evidence in significant injury 
• Reversal ≠ blood product

• Secondary coagulopathy 

#FSHP2018

PCC

Hemostasis
65% 

Thrombosis
8%

Andexanet

Hemostasis
83% 

Thrombosis
11%

Idarucizumab 

Hemostasis
67.7% 

Thrombosis
4.8%

Hemostasis
85%

Hemostasis
….never 

defined??

Schulman S, Thromb Haemost. 2018 Mar 21. [Epub ahead of print]
Majeed A, Blood. 2017;130(15):1706-1712

Piran S, J Thromb Thrombolysis. 2018 May;45(4):486-495.
Pollack CV, N Endl J med 2017;377(5):431-41

Connolly SJ, Milling TJ, New Engl J Med 2016;375:1131-41 
Siegal DM, N Engl J Med 2015;373:2413-24
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DOAC reversal DOAC reversal 
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• Lack of regular monitoring for DOAC 
• Degree of anticoagulation unknown

• Interest in real time, whole blood analysis
• Thromboelastography  (TEG)
• Thromboelastometry (ROTEM)

Thakur M,.  Int J Periop ultrasound Appl Technol 2012;1(1): 25-29
Howley IW, Trauma Surg Acute Care Open 2018;3:1–3.

Chen A, Teruya J. Clin Lab Med 29 (2009) 391–407  
23

ThromboelastographyThromboelastography

#FSHP2018

Reaction time
(4 – 8 min)

Coagulation cascade

Plasma
PCC 

Factor replacement

Idarucizumab
Andexanet

Ciraparantag

Thakur M,.  Int J Periop ultrasound Appl Technol 2012;1(1): 25-29
Howley IW, Trauma Surg Acute Care Open 2018;3:1–3.

Chen A, Teruya J. Clin Lab Med 29 (2009) 391–407  
24
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Reaction time
(4 – 8 min)

Coagulation cascade

Plasma
PCC 

Factor replacement

Idarucizumab
Andexanet

Ciraparantag

Thakur M,.  Int J Periop ultrasound Appl Technol 2012;1(1): 25-29
Howley IW, Trauma Surg Acute Care Open 2018;3:1–3.

Chen A, Teruya J. Clin Lab Med 29 (2009) 391–407  
25

ThromboelastographyThromboelastography
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4-8 min

: Angle (47 - 74°)
K: Clot kinetics (0 - 4 

min)

Fibrin-platelet 
interaction 

Cryoprecipitate
Platelets
DDAVP

Thakur M,.  Int J Periop ultrasound Appl Technol 2012;1(1): 25-29
Howley IW, Trauma Surg Acute Care Open 2018;3:1–3.

Chen A, Teruya J. Clin Lab Med 29 (2009) 391–407  
26

ThromboelastographyThromboelastography
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4-8 min

: Angle (47 - 74°)
K: Clot kinetics (0 - 4 

min)

Fibrin-platelet 
interaction 

Cryoprecipitate
Platelets
DDAVP

Thakur M,.  Int J Periop ultrasound Appl Technol 2012;1(1): 25-29
Howley IW, Trauma Surg Acute Care Open 2018;3:1–3.

Chen A, Teruya J. Clin Lab Med 29 (2009) 391–407  
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ThromboelastographyThromboelastography

#FSHP2018

Maximum amplitude
(54 – 72 mm)

Fibrin-platelet 
interaction 

Platelets
DDAVP

Cryoprecipitate

G Parameter

G = (5000*MA)/(100-
MA) 

More sensitive to 
change in function 

Functional fibrinogen 
level 

CI < -3.0

CI < -3.0

Thakur M,.  Int J Periop ultrasound Appl Technol 2012;1(1): 25-29
Howley IW, Trauma Surg Acute Care Open 2018;3:1–3.

Chen A, Teruya J. Clin Lab Med 29 (2009) 391–407  
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ThromboelastographyThromboelastography
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Maximum amplitude
(54 – 72 mm)

Fibrin-platelet 
interaction 

Platelets
DDAVP

Cryoprecipitate

G Parameter

G = (5000*MA)/(100-
MA) 

More sensitive to 
change in function 

Functional fibrinogen 
level 

Coagulation index (CI)
-3.0 - +3.0

Global index of hemostatic 
status 

CI > +3.0: 
hypercoagulable

CI < -3.0: 
hypocoagulableCI < -3.0

CI < -3.0

Thakur M,.  Int J Periop ultrasound Appl Technol 2012;1(1): 25-29
Howley IW, Trauma Surg Acute Care Open 2018;3:1–3.

Chen A, Teruya J. Clin Lab Med 29 (2009) 391–407  
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ThromboelastographyThromboelastography
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Lysis at 30 minutes
(0 – 8%)

Fibrinolytic pathway
Plasminogen

Plasminogen activator 
inhibitor 

CI <1 primary fibrinolysis
Antifibrinolytic 

CI> 3 secondary fibrinolysis
Anticoagulation  

Thakur M,.  Int J Periop ultrasound Appl Technol 2012;1(1): 25-29
Howley IW, Trauma Surg Acute Care Open 2018;3:1–3.

Chen A, Teruya J. Clin Lab Med 29 (2009) 391–407  
30
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Lysis at 30 minutes
(0 – 8%)

Fibrinolytic pathway
Plasminogen

Plasminogen activator 
inhibitor 

CI <1 primary fibrinolysis
Antifibrinolytic 

CI> 3 secondary fibrinolysis
Anticoagulation  

Thakur M,.  Int J Periop ultrasound Appl Technol 2012;1(1): 25-29
Howley IW, Trauma Surg Acute Care Open 2018;3:1–3.

Chen A, Teruya J. Clin Lab Med 29 (2009) 391–407  
31

TEG based resuscitation TEG based resuscitation 
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• Ratio based resuscitation
• Mimic whole blood
• One size fits all? 

• Reduced blood product utilization
• Trauma & surgery 
• Role in acute medical bleeds remains unknown

• Role in DOAC related bleeding? 

Thakur M,.  Int J Periop ultrasound Appl Technol 2012;1(1): 25-29
Howley IW, Trauma Surg Acute Care Open 2018;3:1–3.

Chen A, Teruya J. Clin Lab Med 29 (2009) 391–407  
32

ThromboelastographyThromboelastography
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•Dose dependent effect on R time(clotting time) 
•Ecarin will not normalize
•Time to maximum thrombus generation prolonged
•Significant elevations 300-500 ng/mL 
•Changes corrected with idarucizumab

Dabigatran

•Prolonged R time but only at high doses 
•Ecarin normalized R time
•Products containing FVIIa had greatest impact on R time

Rivaroxaban

•No significant or consistent changes 
•Super therapeutic concentrations needed 
•Possibly due to slower neutralization 

Apixaban

Dias DJ, Arch Pathol Lab Med 2016;139:665-673
Iapichino GE, Semin thromb Hemost 2017;43(4):423-432

Seyve L, Int J Lab Hem 2017;1-10
Bilden KP, J Thromb Thrombolysis 2017;43:437-445

Thakur M, Int J Periop ultra Appl Technol 2012;1(1): 25-29
Bar, J, Prehosp Disaster Med. 2017;32(5):580-587

Howley IW, Trauma Surg Acute Care Open 2018;3:1–3
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TEG based resuscitation TEG based resuscitation 

#FSHP2018

• Reduced blood product utilization
• Trauma & surgery 
• Role in acute medical bleeds remains unknown
• Role in DOAC related bleeding? 

• Ratio based resuscitation
• Mimic whole blood
• One size fits all? 

• Multiple complications with massive transfusion
Dias DJ, Arch Pathol Lab Med 2016;139:665-673; 
Iapichino GE, Semin thromb Hemost 2017;43(4):423-432
Seyve L, Int J Lab Hem 2017;1-10
Bilden KP, J Thromb Thrombolysis 2017;43:437-445.
Thakur M, Int J Periop ultra Appl Technol 2012;1(1): 25-29
Bar, J, Prehosp Disaster Med. 2017;32(5):580-587.
Howley IW, Trauma Surg Acute Care Open 2018;3:1–3. 
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Massive Transfusion Massive Transfusion 
• Decades of military and civilian injury 
• Multiple ratios studied  whole blood

• 1pRBCs:1platelets:1plasma

Massive 
Transfusion
Total blood volume in 

24 hrs 

50% blood volume in 
3 hrs

>4 units in 4 hrs or > 
150 mL/min of blood 

loss 

Blood 
products 

Electrolyte 
disturbances

Multi-
organ 
failure 

Acute lung 
injury Infection 

Hypothermia

Howley IW, Trauma Surg Acute Care Open 2018;3:1–3. 
Hsu YM, IJCTM 2016;4:15-27

Sihler KC,.  CHEST 2010;137(1):209-220
35

Complications of Transfusion Complications of Transfusion 
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Hypocalcemia

Citrate overload 
40 – 140 x normal 

Bleeding
Circulatory failure

Arrhythmias

Acidosis

pRBCs pH of 7.0

6.6-6.8 if stored 21-35 
days

Dysfunction of 
coagulation 

VIIa activity ~ 10%  

Infection

Transfusion related 
immunomodulation

Increased bacterial 
infections (HR 3.45) 

5% increased risk 
with every unit of 

pRBC

Multi-organ 
dysfunction

Decreased RBC 
deformity

Free hemoglobin 
nitric oxide 
scavenging

Increase in cytokine 
and bioactive 

substances

Acute Lung 
Injury

Much higher risk 
then originally 
thought (~10%)

Plasma (HR 2.48) 
and platelets (HR 

3.89) carry the 
largest risk

Hard to distinguish 
from transfusion 

associated 
circulatory overload

Howley IW, Trauma Surg Acute Care Open 2018;3:1–3. 
Hsu YM, IJCTM 2016;4:15-27

Sihler KC,.  CHEST 2010;137(1):209-220
36
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Howley IW, Trauma Surg Acute Care Open 2018;3:1–3. 
Hsu YM, IJCTM 2016;4:15-27

Sihler KC,.  CHEST 2010;137(1):209-220
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Sihler KC,.  CHEST 2010;137(1):209-220
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Transfusion Alternatives  Transfusion Alternatives  
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Short 
shelf life 

Reliant on 
donation

Loses 2,3 
diphosphoglycerate 
impairing unloading 

Limitations 
of 

transfused 
RBCs

Blood substitutes developed to 
retain all function but no risk 

Sphan DR. Critical care 2018;22:46. Chen J, 
Scerbo M Clinics 2009;64(8):803-1339

Transfusion Alternatives  Transfusion Alternatives  
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Short 
shelf life 

Reliant on 
donation

Loses 2,3 
diphosphoglycerate 
impairing unloading 

Limitations 
of 

transfused 
RBCs

Blood substitutes developed to 
retain all function but no risk 

Blood alternative p50, mm Hg Half-life 
hrs

Colloid osmotic 
pressure, mm Hg

Type

Hemassist 
(DCLHb)

32 6-12 42 Crosslinked washed lysed 
outdated RBCs

Hemopure 
(HBOC-201)

32-38 19 25 Purified crosslinked bovine Hgb

PolyHeme 
(SFH-P)

26-30 24 20-25 Stroma free hemoglobin 
crosslinked Hgb from unused RBCs

pRBC 4 4-6 25-30 --

Sphan DR. Critical care 2018;22:46. Chen J, 
Scerbo M Clinics 2009;64(8):803-1340

Transfusion Alternatives  Transfusion Alternatives  
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• 2008 FDA placed development on hold 
• Increased mortality 
• Increased organ failure 

Bl
oo

d
 a

lte
rn

at
iv

es
 

Hemoglobin based oxygen carriers 
(HBOC)

Perfluorocarbon based oxygen 
carriers (PFCs)

Dube GP, Shock 2017 [Epub ahead of print]
Sphan DR. Critical care 2018;22:46. 

Chen J, Clinics 2009;64(8):803-13
Natanson C, JAMA 2008;299(19):2304-2312

Jahr JS, J Trauma 2008;64:1484-1497.  
Taguchi K, J. Funct. Biomater. 2017, 8, 11; 

Mackenzie CF, Shock. 2017 Oct 25.

41

• Free Hgb
• Retain oxygen 

carrying capacity 

Expired pRBCs 

• Dimeric Hgb short 
vascular half life

• Retained cellular 
stroma

• NO scavenging 

Short comings
• Washing removed 

cellular debris
• Crosslinking 

prolonged 
vascular half-life

Improvements 

• Shift away from 
blood substitutes 

• “oxygen 
therapeutics” 

Endpoints
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RBCs not an option or 
not available 

Relieve organ 
ischemia Machine perfusion 

Dube GP, Shock 2017 [Epub ahead of print]
Sphan DR. Critical care 2018;22:46. 

Chen J, Clinics 2009;64(8):803-13
Natanson C, JAMA 2008;299(19):2304-2312

Jahr JS, J Trauma 2008;64:1484-1497.  
Taguchi K, J. Funct. Biomater. 2017, 8, 11; 

Mackenzie CF, Shock. 2017 Oct 25.
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Natanson C, JAMA 2008;299(19):2304-2312
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So why continue to try? 

Transfusion Alternatives  Transfusion Alternatives  

#FSHP2018

Moore EE, Crit Care Clin 2009; 25(2): 325–Contents44
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• Significant concerns have arisen 
about trial design 
• Expected vs. actual Hgb rise 
• Disproportionate Hgb concentration
• Hgb deficit

• Trial goals are aggressive for todays 
standards

• SAEs & mortality may be failure to 
treat 

Oxy-Vita 
High MW “zero-link” 

polymerized Hgb 

HemoTech
Anti-inflammatory ATP cross 

linked Hgb 

pPolyHb
Polymerized porcine Hgb

Dube GP, Shock 2017 [Epub ahead of print]
Sphan DR. Critical care 2018;22:46. 

Chen J, Clinics 2009;64(8):803-13
Natanson C, JAMA 2008;299(19):2304-2312

Jahr JS, J Trauma 2008;64:1484-1497.  
Taguchi K, J. Funct. Biomater. 2017, 8, 11; 

Mackenzie CF, Shock. 2017 Oct 25.
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• Interest in non-Hgb based alternatives
• Naturally extracellular Hgb 

• Many invertebrates have naturally 
occurring 
• Lumbricus terrestris
• Eisenia fetida

• Devoid of limiting SAEs of HBOCs & high P50
• Oxygen preservation of tissue 
• Oxygen carrying capacity in animal models 

Canadian night-crawler

Red wiggler

Zimmerman D, Bioeng Transl Med. 2017 Jul 19;2(2):212-221
46

ConclusionConclusion
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DOACs use has drastically increased over the last decade

Despite lack of directed reversal agents outcomes with DOAC associated bleeding is 
similar to that of VKA therapy

The role of directed reversal remains to be determined as current evidence is limited 

TEG provides a real time analysis of coagulation capabilities that may assist in 
hemostatic therapies 

The ability for TEG to identify DOAC associated coagulopathy may be 
limited

Massive transfusion has improved outcomes but is associated with 
significant risk

To date no blood alternative has successfully passed phase III trials, 
although future therapies are in the pipeline 
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