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E MERGENCY care provid-
ers need to have therapies 

for the acutely bleeding patient, 
especially for trauma patients and 
those requiring emergency sur-
gery. Trauma is a leading cause of 
mortality worldwide with hemor-
rhage as the leading cause of pre-
ventable death. As many as 30% 
of severely injured trauma patients 
will present with a unique, endog-
enous coagulopathy referred to 
as trauma-induced coagulopathy. 
In addition to this problem, the 
number of trauma patients on 
direct-acting oral anticoagulants is 
growing. These drugs are increas-
ingly used for the prevention of 
cerebrovascular embolic stroke in 
patients with atrial fibrillation, the 
treatment of venous thromboem-
bolism, and thromboprophylaxis 
in patients undergoing surgery.1–3

Strategies to combat trauma-
related coagulopathy have cen-
tered around component-based 
therapy to replace clotting factors, 
platelets, and other adjuncts, such 
as tranexamic acid, to limit blood loss. To reverse direct-
acting oral anticoagulants in trauma, prothrombin complex 
concentrates and activated prothrombin complex concen-
trates are being increasingly utilized and studied, with many 
reports of successful reversal of pharmacologic anticoagula-
tion for both direct thrombin and factor Xa inhibitors by 
prothrombin complex concentrates.4,5 In the current issue 
of ANESTHESIOLOGY, Honickel et al.6 have provided high-level 
preclinical data to assess the effect of multimodal therapy, 
including the specific antidote, idarucizumab, for the emer-
gency reversal of dabigatran anticoagulation.

Recent availability of idarucizumab and evaluation by the 
U.S. Food and Drug Administration of andexanet, as a reversal 
agent for Xa inhibitors, raises the question of how and when 

to use these drugs for patients tak-
ing anticoagulation before injury.7 
This is particularly important due 
to evolving experience with pro-
thrombin complex concentrates for 
reversing direct oral anticoagulants, 
as well as the simultaneous need to 
combat underlying trauma-related 
coagulopathy in severely injured 
patients. If prothrombin complex 
concentrates are effective for direct 
oral anticoagulant reversal, are spe-
cific reversal therapies necessary? 
Will targeted reversal of direct oral 
anticoagulants after trauma be suf-
ficient? Honickel et  al. attempt to 
shed light on the complex problem 
of dabigatran reversal in the poly-
trauma setting.

Utilizing a swine model of poly-
trauma and hemorrhage, the authors 
convincingly show that both idaru-
cizumab and prothrombin complex 
concentrate reduce blood loss, while 
the reduction in blood loss associ-
ated with prothrombin complex 
concentrate occurred at the expense 
of markedly enhanced thrombin 

generation. While this raises the theoretical concern of a pro-
thrombotic state, the authors found no evidence of macro- or 
microvascular thrombi within the limited confines of their inves-
tigation. Interestingly, even lower dose prothrombin complex 
concentrate showed an effect on subgroup analysis, with per-
haps an even greater ability to reverse clinically relevant levels of 
dabigatran. The authors combined their reversal with tranexamic 
acid and fibrinogen concentrate to attempt to replicate the mul-
timodal therapy utilized in severely injured patients.

Although the authors conclude that idarucizumab is 
superior to prothrombin complex concentrate in so much 
as the improved hemostasis did not require extensive 
thrombin generation, they opine that the similar effects on 
bleeding between prothrombin complex concentrate and 
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idarucizumab argue that prothrombin complex concentrate 
may be an alternative when idarucizumab is not available or 
when resuscitating a patient who presents on an unknown 
direct-acting oral anticoagulant. However, perhaps the 
most important reason for the enthusiasm for prothrom-
bin complex concentrate as a reversal agent for direct-acting 
oral anticoagulants was underemphasized in the discussion. 
Prothrombin complex concentrate has recently been uti-
lized for the resuscitation of trauma-induced coagulopathy 
in patients with multiple injuries and those with traumatic 
brain injury not taking prehospital anticoagulation.8,9 Use of 
prothrombin complex concentrate as a specific resuscitation 
tool in addition to, or as a partial replacement for, compo-
nent therapy is an evolving area of interest for the manage-
ment of trauma-induced coagulopathy. The complexity of 
managing coagulopathy in a polytrauma patient is daunting 
at baseline, while the addition of prehospital anticoagula-
tion to the mix makes a cloudy picture nearly completely 
opaque. Idarucizumab is a valuable agent that has proven 
efficacy for the specific reversal of dabigatran. However, for 
the polytrauma patient with trauma-induced coagulopathy 
who is also taking dabigatran, idarucizumab is of no value in 
the correction of endogenous coagulopathy. The finding by 
Honickel et al. that prothrombin complex concentrate pro-
vides similar reversal of bleeding presents a highly intriguing 
possibility—prothrombin complex concentrate may, in fact, 
pull double duty to correct the anticoagulation achieved 
by dabigatran while also correcting at least a component of 
trauma-induced coagulopathy.

A number of important limitations and concerns exist 
in the current work. In addition to the limits associated 
with translating preclinical models to practice, the study 
was not designed nor powered to thoroughly analyze the 
safety of prothrombin complex concentrate in the setting 
of markedly enhanced thrombin generation. Whether 
therapy with prothrombin complex concentrate increases 
the risk for thrombotic complications in the polytrauma 
patient is unknown, although early observational data do 
not report this effect. To their credit, the authors mod-
eled a “worst case scenario” with higher than usual levels 
of dabigatran and lower than standard dosing of idaru-
cizumab. Rebound of dabigatran remains a clinical con-
cern that was also observed in this model, although dosing 
strategies for reversal in polytrauma are not fully explored. 
Finally, although the authors claim that co-administration 
of tranexamic acid and fibrinogen concentrate in combina-
tion with prothrombin complex concentrate led to reduced 
mortality and lower blood loss, these data are compared to 
a historical control (albeit with the same model), limiting 
the decisiveness of these conclusions.

In summary, idarucizumab, while the preferred agent 
for dabigatran reversal, is subject to potential limitations 
that include potential availability in some clinical cen-
ters or countries where it may not be available. The well-
conducted, high-level, preclinical study by Honickel et al. 

highlights that while idarucizumab may play a role in dabi-
gatran reversal in the polytrauma patient, the use of pro-
thrombin complex concentrate results in similar effect and 
could be a potential substitute worth studying in human 
patients for situations where idarucizumab is unavailable. 
Furthermore, this work highlights the critically important 
observation that multimodal reversal of trauma-induced 
coagulopathy in polytrauma is mandatory, and it raises 
the intriguing question as to whether prothrombin com-
plex concentrate may play a dual role in both reversal of 
direct-acting oral anticoagulant therapy and treatment of 
trauma-induced coagulopathy, especially in patients who 
have previously bled and present with low hemostatic fac-
tor levels. The optimal management of traumatic bleeding 
remains a leading priority for clinical trials in trauma, where 
the evolving frequency of direct-acting oral anticoagulant 
use in the population mandates a thorough and robust 
understanding of treatment options by acute care providers 
faced with the need to manage bleeding.

Competing Interests
Dr. Neal receives research funding from and has served 
as a consultant for Janssen Pharmaceuticals (Beerse, Bel-
gium). Dr. Levy has served or serves on research steering 
committees, data safety monitoring boards, or advisory 
boards for Boehringer-Ingelheim (Ingelheim am Rhein, 
Germany), CSL Behring (King of Prussia, Pennsylvania), 
Grifols (Barcelona, Spain), Instrumentation Laboratories 
(Bedford, Massachusetts), Janssen, Leading Biosciences 
(Solana Beach, California), and Pfizer (New York, New 
York).

Correspondence
Address correspondence to Dr. Neal: nealm2@upmc.edu

References
	1.	 Beyer-Westendorf J, Gelbricht V, Förster K, Ebertz F, Köhler 

C, Werth S, Kuhlisch E, Stange T, Thieme C, Daschkow 
K, Weiss N: Peri-interventional management of novel 
oral anticoagulants in daily care: Results from the pro-
spective Dresden NOAC registry. Eur Heart J 2014; 35: 
1888–96

	 2.	 Majeed A, Hwang HG, Connolly SJ, Eikelboom JW, Ezekowitz 
MD, Wallentin L, Brueckmann M, Fraessdorf M, Yusuf S, 
Schulman S: Management and outcomes of major bleeding 
during treatment with dabigatran or warfarin. Circulation 
2013; 128:2325–32

	 3.	 Healey JS, Eikelboom J, Douketis J, Wallentin L, Oldgren J, 
Yang S, Themeles E, Heidbuchel H, Heidbuchle H, Avezum 
A, Reilly P, Connolly SJ, Yusuf S, Ezekowitz M; RE-LY 
Investigators: Periprocedural bleeding and thromboembolic 
events with dabigatran compared with warfarin: Results from 
the Randomized Evaluation of Long-Term Anticoagulation 
Therapy (RE-LY) randomized trial. Circulation 2012; 
126:343–8

	 4.	 Brown KS, Zahir H, Grosso MA, Lanz HJ, Mercuri MF, Levy 
JH: Nonvitamin K antagonist oral anticoagulant activity: 
Challenges in measurement and reversal. Crit Care 2016; 
20:273

	5.	 Myers SP, Dadashzadeh ER, Cheung J, Alarcon L, 
Kutcher M, Brown JB, Neal MD: Management of 

D
ow

nloaded from
 http://asa2.silverchair.com

/anesthesiology/article-pdf/127/5/744/379609/20171100_0-00012.pdf by guest on 20 M
arch 2024

mailto:nealm2@upmc.edu


Copyright © 2017, the American Society of Anesthesiologists, Inc. Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

Anesthesiology 2017; 127:744-6	 746	 M. D. Neal and J. H. Levy

Editorial Views

anticoagulation with rivaroxaban in trauma and acute care 
surgery: Complications and reversal strategies as compared 
to warfarin therapy. J Trauma Acute Care Surg 2017; 82: 
542–9

	 6.	 Honickel M, Braunschweig T, Rossaint R, Stoppe C, ten Cate 
H, Grottke O: Reversing dabigatran anticoagulation with pro-
thrombin complex concentrate versus idarucizumab as part 
of multimodal hemostatic intervention in an animal model of 
polytrauma. ANESTHESIOLOGY; 127:852–61

	 7.	 Levy JH, Ageno W, Chan NC, Crowther M, Verhamme P, 
Weitz JI; Subcommittee on Control of Anticoagulation: 
When and how to use antidotes for the reversal of direct 

oral anticoagulants: Guidance from the SSC of the ISTH. J 
Thromb Haemost 2016; 14:623–7

	 8.	 Joseph B, Khalil M, Harrison C, Swartz T, Kulvatunyou N, 
Haider AA, Jokar TO, Burk D, Mahmoud A, Latifi R, Rhee 
P: Assessing the efficacy of prothrombin complex concen-
trate in multiply injured patients with high-energy pelvic and 
extremity fractures. J Orthop Trauma 2016; 30:653–8

	 9.	 Joseph B, Pandit V, Khalil M, Kulvatunyou N, Aziz H, Tang 
A, OʼKeeffe T, Hays D, Gries L, Lemole M, Friese RS, Rhee 
P: Use of prothrombin complex concentrate as an adjunct to 
fresh frozen plasma shortens time to craniotomy in traumatic 
brain injury patients. Neurosurgery 2015; 76:601–7

Awnings before Yawnings: Advertising Anesthetic Stupor at  
“the Cooper”

An “albumen print” is glued crookedly to the obverse of this trade card (above) selected from the Wood Library-
Museum’s Ben Z. Swanson Collection. The print depicts Manhattan’s Cooper Institute, a tuition-free school 
founded in 1859 as “Cooper Union” by philanthropist Peter Cooper. The original caption read: “Presented by 
COLTON DENTAL ASSOCIATION. 16 COOPER INSTITUTE.” Horrified by the numerical misprint, dental anes-
thetist Gardner Q. Colton (1814 to 1898) demanded the darker overprinting: “COOPER INSTITUTE, NEW 
YORK CITY / 19.” Besides directing patients to Room No. 19 for dental extraction while “yawning” under the  
anesthetic “stupor” of nitrous oxide, the overprinting helped non-Manhattanites localize “the Cooper” to New York 
City during the celebrations of 1876, America’s centennial year. Centered over the broad first-floor awning was 
a pair of second-floor awnings, each of whose sides advertised “COLTON / DENTAL,” and looming over those 
awnings was a banner sign reading, “COLTON’S.” (Copyright © the American Society of Anesthesiologists’ Wood  
Library-Museum of Anesthesiology.)
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