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Maintaining Hemostatic Balance in Treating Disseminated

Intravascular Coagulation
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D isseminated intravascular
coagulation (DIC) is a com-
plex coagulopathic state that can

present as a thromboinflamma-

) Prothrombin
tory response to diverse causes )

that include septic shock, trau-

Fibrinogen
()

matic injury, pregnancy, and can-
cer."” The International Society
on Thrombosis and Hemostasis
(Carrboro, North Carolina) defines
DIC as “an acquired syndrome
characterized by the intravascular
activation of coagulation with loss
of localization arising from differ-
ent causes that can originate from
and cause damage to the micro-
vasculature, which if sufficiently
severe, can produce organ dysfunc-
tion.”” In DIC, endothelial injury
and microcirculatory abnormal-
ities produced by hemostatic
abnormalities cause multiorgan
failure.* Of note is that DIC is not

a primary disease state, but rather

thrombotic
that occur.”

a pathophysiologic response to an

underlying disease process, and is

based on laboratory diagnosis. The clinical (phenotypic)
manifestations can range as a spectrum of either bleeding
or thrombotic manifestation due to causes that include
the underlying disease process (e.g., cancer-induced DIC),
or the time course of diagnosis and therapy.”? The basis of
therapy for DIC is to treat the underlying disease, but also
provide temporary support of the coagulation disorder and
coagulopathy that depends on whether patients present
with bleeding or thrombotic phenotypes. The complex-
ity of managing DIC is to balance both the bleeding and
thrombotic complications that occur.

In the current edition of the ANESTHESIOLOGY, Grottke
et al. evaluated, in a porcine trauma model, whether pro-
thrombin complex concentrate—induced DIC could be
prevented by coadministering antithrombin, a physiologic

“The complexity of managing
DIC [disseminated intravas-
cular coagulation] is to bal-
ance both the bleeding and

complications

anticoagulant.> They evaluated
multiple procoagulant and anti-
coagulant combinations including
tranexamic acid in their multior-
gan trauma model that included
femur fractures, thoracic contusion,
and blunt liver injury. Although
prothrombin concentrates reduced
bleeding, there were thromboem-
bolic complications (pulmonary
emboli) that can occur in clinical
DIC. However, when antithrom-
bin was administered in combina-
tion with prothrombin concentrate
and/or fibrinogen concentrate,
DIC did not occur, and there were
no early deaths in the fibrinogen
concentrate

plus  prothrombin

concentrates plus antithrombin
group. Collectively, these studies
demonstrate that following exper-
imental animal trauma, adminis-
tration of prothrombin complex
concentrates, either alone or in
combination with fibrinogen con-
centrate, can potentially induce
hypercoagulability, but coadministration of antithrombin
mitigated this effect.

What can we learn from this model of coagulopathy
when there are multiple causes of bleeding and thrombo-
sis that have been extensively characterized and have many
of the similar characteristics of DIC? European trauma
guidelines are increasingly considering prothrombin con-
centrates as part of a multimodal approach to managing
bleeding compared to fresh frozen plasma for rapid factor
administration due to their availability without the need for
cross-matching.®” In a bleeding coagulopathic patient, the
critical management strategy is to administer products that
create a thrombotic milieu; the question is how to balance
the risk of thrombotic complications, consumptive coagu-
lopathy, or potentially DIC.
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This editorial accompanies the article on p. 543. For a downloadable PPT slide containing this article’s citation information, please visit https://anesthesiology.pubs.asahg.org/ss/

downloadable_slide.aspx.
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Four-component prothrombin concentrates are approved
in the United States for warfarin reversal, but there are increas-
ing reports about their use for major bleeding.® The potential
risk of thromboembolic complications with prothrombin
concentrates appears low when used for warfarin reversal.
Importantly, the results presented by Grottke et al. suggest
the thrombotic potential of prothrombin concentrates or
any procoagulant therapy should be considered. Nonetheless,
in life threatening hemorrhage, stopping bleeding is critical
to survival. They also noted supplementing antithrombin
levels balanced the thrombotic potential of prothrombin
concentrates; however, rapid determination of antithrom-
bin levels is not readily available as point-of-care testing or
in most hospitals. Viscoelastic testing for hypercoagulability
offers a potential method for monitoring and individualizing
bleeding management, however, its sensitivity to antithrom-
bin levels is unlikely to facilitate monitoring of thrombotic
potential. Although monitoring and repleting antithrombin
levels during treatment with prothrombin concentrates could
mitigate potential thrombotic complications, it is currently
unclear how to effectively achieve this in a clinical setting.

Anticoagulation in patients with sepsis-associated DIC
has been previously reported.' This therapeutic approach,
administering the physiologic anticoagulants antithrombin
or thrombomodulin, is similar to the once used anticoagu-
lation therapy of administering activated protein C in sepsis.
In sepsis-associated DIC, physiologic fibrinolysis is sup-
pressed, and prothrombotic effects can occur depending on
the time course of the disease.” Animal models have been
developed to mimic the complications of DIC.” However,
these models do not fully capture the complexity of the
clinical manifestations of DIC, therefore, there is a need for
the characterization of new pre-clinical models as reported
by Grottke ef al.

In clinical practice, when prothrombin concentrates
are used off label to treat bleeding in trauma or surgi-
cal patients, they are often used as multimodal therapy in
combination with fresh frozen plasma. Perhaps when shift-
ing to the use of only factor concentrates as a therapeutic
approach, clinicians should consider what factors are not
being repleted when fresh frozen plasma is not adminis-
tered. Fresh frozen plasma contains critical serine protease
inhibitors including antithrombin, C1 esterase inhibitor,
alpha-2 antiplasmin, protein C, and protein S, all important
proteins for providing both anticoagulant and potentially
antiinflammatory effects. Because thrombin and thrombin
activation are linked to proinflammatory states, antithrom-
bin—with its multiplicity of potential antiinflammatory
effects—may be important. Although fresh frozen plasma
is widely used in perioperative bleeding, the clinical effec-
tiveness for reducing bleeding is unproven; however, in
trauma patients it is thought to preserve endothelial func-
tion.* Perhaps the antithrombin in plasma is the critical
component responsible for regulating thromboinflamma-
tory responses in a spectrum of pathologic responses.’

Anesthesiology 2019; 131:459-61

When treating patients with major bleeding, our clinical
goal is to focus on restoring hemostasis. As part of hemo-
static resuscitative strategies, we may transiently produce
hypercoagulability to stop bleeding. However, when using
factor concentrates clinicians should consider what factors
are not being repleted when restoring hemostatic balance.
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Anesthetic Inductions from Hexobarbital to Pentothal:
Counting Down from 6 to 5?
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The search for ultra-short-acting intravenous induction agents focused initially on hexobarbital. That meth-
ylated oxybarbiturate was discovered in 1932 by German researchers H. Weese and W. Scharpf. Marketed by
the Bayer Company in Europe as Evipan, hexobarbital was distributed by New York’s Winthrop Chemical
Company as “Evipal Soluble” (above). Hexobarbital has a six-carbon side-ring of cyclohexene. Contrast that
with the thiobarbiturate that supplanted hexobarbital: sodium thiopental (branded Pentothal by Abbott
Laboratories, USA), which has a five-carbon side chain of pentane. (Copyright © the American Society of
Anesthesiologists’ Wood Library-Museum of Anesthesiology.)
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