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Precision medicine in hemostasis: a review of prothrombin complex
concentrates and the role of viscoelastic tests in tailoring therapy
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Abstract

This review explores the role of precision medicine in the man-
agement of bleeding disorders and anticoagulation therapy, with a
focus on the use of visco-elastic tests such as Thromboelasto-
graphy (TEG) and Rotational Thromboelastometry (ROTEM).
These tests provide real-time, dynamic insight into a patient’s
coagulation status, guiding the choice between three-factor pro-
thrombin complex concentrate (PCC3) and four-factor PCC
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(PCC4), as well as the use of activated four-factor PCC (FEIBA).
The specific ROTEM tests, INTEM and EXTEM, further enhance
our understanding of the intrinsic and extrinsic coagulation path-
ways. Moreover, the use of tranexamic acid (TXA) and fibrinogen,
guided by these visco-elastic tests, has shown promise in trauma
patients. TXA has been associated with survival benefit when
administered immediately or within 3 hours of injury. Fibrinogen,
a key factor in clot formation, can be monitored and supplemented
as needed to optimize hemostasis. In conclusion, the practice of
precision medicine, with the aid of TEG and ROTEM, offers the
potential to enhance the safety and efficacy of PCC therapy, TXA
administration, and fibrinogen supplementation. These tools are
invaluable in tailoring therapy to the specific needs of each patient,
potentially optimizing patient outcomes and minimizing the risk of
adverse events.

Highlights

- Real-time Coagulation Assessment: TEG and ROTEM
provide real-time and dynamic insights into a patient's
coagulation status, enabling precise decision-making in
therapy selection.

- Choice of Prothrombin Complex Concentrate (PCC): these
tests guide the choice between three-factor PCC3 and four-
factor PCC4, as well as the use of activated four-factor PCC
(FEIBA), tailored to individual patient needs.

- ROTEM Tests: specific ROTEM tests, such as INTEM and
EXTEM, enhance understanding of the intrinsic and extrinsic
coagulation pathways, aiding in targeted interventions.

- Tranexamic Acid (TXA): TXA, administered based on visco-
elastic tests, has shown survival benefits when given promptly,
particularly within 3 hours of injury.

- Fibrinogen Optimization: monitoring and supplementation of
fibrinogen, a crucial clotting factor, is facilitated by visco-
elastic tests, ensuring hemostasis is optimized for each
patient.

- Enhancing Safety and Efficacy: precision medicine, with TEG
and ROTEM, has the potential to enhance the safety and
effectiveness of PCC therapy, TXA administration, and
fibrinogen supplementation.

- Tailored Therapy: these tools enable tailoring of therapy to
meet the specific needs of each patient, which can ultimately
optimize patient outcomes and reduce the risk of adverse
events.

Introduction

Prothrombin complex concentrate (PCC) is a critical therapeu-
tic agent used in the management of bleeding disorders.! It is a
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blood product that contains concentrated amounts of several essen-
tial blood clotting factors, specifically factors II, VII, IX, and X in
non-activated form. PCC is available in two forms: three-factor
PCC (PCC3), which contains factors II, IX, and X, and four-factor
PCC (PCC4), which additionally includes factor VII. These agents
are primarily used for the rapid reversal of anticoagulation in
patients with major bleeding or prior to emergency surgery.

The choice between PCC3 and PCC4 is often dictated by the
clinical context, the specific coagulation factor deficiencies pres-
ent, and the risk of potential adverse events.> Recent studies have
shown that PCC4 may be more effective in achieving target INR
levels in patients requiring emergent warfarin reversal, suggesting
a potential advantage over PCC3. However, the risk of throm-
boembolic events remains a significant concern, necessitating
careful consideration and monitoring.'

In this context, thromboelastometry emerges as a valuable tool
in guiding the use of PCC3. Thromboelastometry is a point-of-care
coagulation test that provides comprehensive information about
the coagulation process, from clot formation to fibrinolysis.? It
offers real-time, dynamic insight into the patient’s coagulation sta-
tus, enabling personalized, targeted therapy. This is particularly
important in complex clinical scenarios where standard coagula-
tion tests may not provide a complete picture of the patient’s coag-
ulation status.*

The use of thromboelastometry in guiding PCC therapy has the
potential to optimize patient outcomes, minimize the risk of
adverse events, and contribute to more cost-effective care. This
narrative review will explore the advantages and drawbacks of
three-factor versus four-factor PCC, and discuss the role of throm-
boelastometry in guiding their use.’

Prothrombin complex concentrate (PCC)

Prothrombin complex concentrate (PCC) is derived from the
process of ion-exchange chromatography from the cryoprecipitate
supernatant of large plasma pools, after the removal of antithrom-
bin and factor XI. Depending on the processing techniques, PCC
can be classified into: i) three-factor PCC (contains factors II, IX,
and X), and ii) four-factor PCC (encompasses factors II, VII, IX,
and X).

Three-factor prothrombin complex

Three-factor prothrombin complex concentrate (PCC3) is a
vital therapeutic agent used in the management of bleeding disor-
ders, particularly in the context of spontaneous intracerebral hem-
orrhage (ICH) and severe trauma.* ICH, defined as nontraumatic
bleeding into the brain parenchyma, is a significant global health
issue, with high case fatality and a large proportion of survivors
experiencing dependence within six months post-event.® Chronic
arterial hypertension, cerebral amyloid angiopathy, and anticoagu-
lation are commonly associated with ICH.

PCC3, which contains factors II, IX, and X, is often used for
the rapid reversal of anticoagulation in patients with major bleed-
ing or prior to emergency surgery. The choice of PCC3 is often
influenced by the clinical context, the specific coagulation factor
deficiencies present, and the risk of potential adverse events.’

Despite the effectiveness of PCC3 in managing bleeding disor-
ders, it is not without drawbacks. The absence of factor VII in
PCC3 may limit its efficacy in certain clinical scenarios, particu-
larly in patients with deficiencies or functional impairments of this
factor.” Furthermore, the risk of thromboembolic events remains a
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significant concern, necessitating careful consideration and moni-
toring.® The management of bleeding and coagulopathy following
major trauma requires a comprehensive, multidisciplinary
approach. The use of PCC3 should be guided by evidence-based
clinical protocols to ensure a uniform and high standard of care.®

Four-factor prothrombin complex

Four-factor prothrombin complex concentrate (PCC4) is an
essential therapeutic agent used in the management of bleeding
disorders, particularly in the context of anticoagulant-associated
major or life-threatening bleeding.” PCC4 contains factors II, VII,
IX, and X, and is often used for the rapid reversal of anticoagula-
tion in patients with major bleeding or prior to emergency sur-
gery.!0

The use of PCC4 has been shown to be effective in reversing
the effects of both vitamin K antagonists (VKAs) and direct oral
anticoagulants (DOACs). This is particularly important given the
increasing use of these agents in clinical practice and the associat-
ed risk of major and life-threatening bleeding.’

However, the use of PCC4 is not without challenges. The risk
of thromboembolic events remains a significant concern, necessi-
tating careful consideration and monitoring." Furthermore, the
lack of specific reversal antidotes for DOACs poses a real chal-
lenge, despite accumulating experience and awareness.’

The management of bleeding and coagulopathy following
major trauma requires a comprehensive, multidisciplinary
approach. The use of PCC4 should be guided by evidence-based
clinical protocols to ensure a uniform and high standard of care.’”

Indications

Initially developed for managing hemophilia, the role of PCC
has significantly evolved with the availability of recombinant
replacement factors. Today, it serves as a critical replacement ther-
apy for both congenital and acquired vitamin-K deficiency, espe-
cially in emergent scenarios involving warfarin-induced anticoag-
ulant effects.

The FDA-approved indication for PCC is the urgent reversal of
acquired coagulation factor deficiency due to warfarin-induced
anticoagulation. This is particularly vital for patients with major
acute bleeding events or those in need of urgent surgeries. The
American College of Cardiology (ACC) now recommends 4-factor
PCC as the preferred choice for reversing warfarin-induced bleed-
ing.!!

Oft-label applications of PCC include:

DOAC reversal: DOACs, including dabigatran (a direct throm-
bin inhibitor) and factor Xa inhibitors such as rivaroxaban, apixa-
ban, and edoxaban, have revolutionized anticoagulant therapy.
Their predictable pharmacokinetics, fewer drug interactions, and
the elimination of the need for regular monitoring have made them
a preferred choice in many clinical scenarios. However, their wide-
spread use presents challenges in situations of bleeding or urgent
surgery. For the reversal of dabigatran, idarucizumab, a monoclon-
al antibody fragment, has been approved and demonstrated effec-
tiveness. Factor Xa inhibitors, on the other hand, can be counter-
acted using andexanet alfa, a modified recombinant human factor
Xa protein. In the absence of these specific antidotes or when they
are not readily available, PCCs have been proposed as a potential
alternative. The American College of Cardiology (ACC) endorses
PCC for reversing Xa inhibitors and direct thrombin inhibitors
when specific antidotes are not accessible. While PCCs are tradi-
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tionally indicated for vitamin K antagonist reversal, emerging evi-
dence highlights their potential in counteracting DOAC effects.
Despite this, clinicians should approach the use of PCCs in DOAC
reversal with caution, basing decisions on available guidelines,
current evidence, and clinical judgment.?

Treatment for Congenital Deficiency: In rare instances where
purified factor isn’t available, 4-factor PCC can be utilized as a
treatment or prophylaxis of bleeding in patients with a congenital
deficiency of vitamin K-dependent coagulation factors.

Peri-operative use: PCC has shown efficacy in reducing peri-
operative bleeding, both as a prophylactic measure and as a treat-
ment."

Trauma setting: Especially when paired with FFP, PCC can be
effective in trauma scenarios requiring massive transfusions.
However, its lack of factor V can sometimes limit its standalone
efficacy.!

Activated four-factor prothrombin complex
(FEIBA) in the context of DOAC-associated bleeding

Activated four-factor prothrombin complex, better known as
Factor Eight Inhibitor Bypassing Activity (FEIBA), stands as a
pivotal therapeutic agent in the domain of bleeding disorder man-
agement. It assumes particular significance when addressing anti-
coagulant-associated major or life-threatening bleedings.
Comprising factors II, VI, IX, and X — much like PCC4 — FEIBA’s
distinctive feature is the inclusion of activated factor VII.

While Direct Oral Anticoagulants (DOACsS) like dabigatran,
rivaroxaban, apixaban, and edoxaban, have been progressively
endorsed as suitable alternatives to traditional vitamin K antago-
nists, they come with challenges. Chief among these is the man-
agement of bleeding episodes, especially when specific reversal
agents are unavailable or when there’s an inability to standardize
laboratory assessments for their anticoagulant effects. In this con-
text, FEIBA has demonstrated efficacy in counteracting the antico-
agulant effects of DOACs. This breakthrough is particularly salient
given the burgeoning clinical reliance on these agents and the con-
comitant risk they pose for major and life-threatening bleedings.

Nevertheless, the therapeutic landscape with FEIBA isn’t
devoid of challenges. Mirroring the concerns with PCC4, FEIBA
administration is shadowed by the potential risk of thromboembol-
ic events, underscoring the need for judicious application and vig-
ilant monitoring. As the medical community grapples with the
absence of specific reversal antidotes for DOACs, FEIBA emerges
as a beacon of hope, albeit one that necessitates an evidence-
informed, multidisciplinary strategy to ensure its optimal and safe
application in clinical scenarios.*!

Factor VII

Factor VII (FVII), a vitamin K-dependent glycoprotein prima-
rily synthesized in the liver, plays a crucial role in the initiation of
the extrinsic coagulation pathway. It circulates within the blood-
stream in both its zymogen and activated forms. Upon vascular
injury, tissue factor (TF) — a transmembrane protein from suben-
dothelial cells — becomes exposed to blood flow. This interaction
catalyzes the transformation of FVII to its active form, Factor VIla.
Subsequently, the TF-FVIIa complex activates both Factor IX and
Factor X, instigating a cascade that culminates in fibrin clot forma-
tion.'¢ Individuals with congenital Factor VII deficiency present a
bleeding phenotype, the severity of which correlates with residual
Factor VII activity levels. The management of such individuals
necessitates Factor VII replenishment. Historically, Prothrombin
Complex Concentrates (PCC3 and PCC4) were utilized for this
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purpose. However, these solutions often fell short in providing
ample Factor VII. This gap in therapeutic management led to the
introduction of non-activated Factor VII as a targeted therapeutic
agent, specifically tailored for patients with isolated Factor VII
deficiency. This advancement ensures the delivery of precise
Factor VII dosages, effectively mitigating bleeding risks.

Moreover, Recombinant activated Factor VII (rFVIIa) offers a
distinct therapeutic approach. It emulates the action of endogenous
Factor Vlla, directly activating Factor X in the presence of TF
without necessitating Factors VIII and IX. This unique mechanism
has expanded its application spectrum, making it suitable not just
for Factor VII deficiency but also other bleeding disorders where
traditional treatments might be inadequate. Notably, individual
responses can vary even among patients with similar Factor VII
activity levels, hinting at the influence of other genetic and envi-
ronmental factors on clinical presentation.

Comparison of three-factor and four-factor pro-
thrombin complex

The choice between three-factor (PCC3) and four-factor pro-
thrombin complex concentrate (PCC4) is often dictated by the
clinical context, the specific coagulation factor deficiencies pres-
ent, and the risk of potential adverse events. Both PCC3 and PCC4
have been shown to be effective in the management of bleeding
disorders, particularly in the context of anticoagulant-associated
major or life-threatening bleeding %1

PCC4, which additionally includes factor VII, has been found
to be more effective in achieving target INR levels in patients
requiring emergent warfarin reversal. This suggests a potential
advantage over PCC3, particularly in patients with deficiencies or
functional impairments of factor VIL.!® However, both PCC3 and
PCC4 carry a risk of thromboembolic events, which remains a sig-
nificant concern. This necessitates careful consideration and mon-
itoring when using these agents. The risk of thromboembolic
events may be influenced by a variety of factors, including the
patient’s underlying health status, the presence of other risk factors
for thrombosis, and the specific clinical context.”!©

In conclusion, while PCC3, PCC4 (also FEIBA) all play a vital
role in the management of bleeding disorders, their use must be
guided by a careful assessment of the potential benefits and risks
in each individual patient’s context.>!°

Alternative strategy: PCC3 as default therapy and
factor VII as needed

Given the costs and potential risks associated with the use of
four-factor prothrombin complex concentrate (PCC4), an alterna-
tive and more cost-effective strategy could be to employ three-fac-
tor prothrombin complex concentrate (PCC3) as a foundational
therapy, supplementing with factor VII based on real-time coagu-
lation assessments using thromboelastometry, such as ROTEM.
Recent clinical instances underscore the potential of ROTEM in
guiding the management of intraoperative bleeding, especially in
patients with factor VII deficiency. For instance, in a case where a
patient with factor VII deficiency experienced severe intraopera-
tive bleeding, ROTEM played a pivotal role in determining the
need for, and subsequently guiding the administration of, addition-
al recombinant activated factor VII (rFVIla) doses, leading to suc-
cessful bleeding control.'7!8

Opting for PCC3, which is generally more economical than
PCC4, as the initial treatment can be particularly advantageous in
healthcare environments where cost-efficiency is crucial.
Thromboelastometry can serve as a rapid and real-time diagnostic
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tool to tailor the treatment approach, potentially enhancing patient
outcomes while reducing the risk of adverse events. However, such
an approach demands rigorous monitoring and profound clinical
expertise to ascertain the appropriate use of factor VII.
Additionally, the inherent risk of thromboembolic events associat-
ed with factor replacement calls for meticulous consideration and
surveillance .1°

In summary, while the proposed strategy of integrating PCC3
with ROTEM-guided factor VII administration offers potential
benefits in terms of cost and personalized treatment, its full effica-
cy and safety profile requires further exploration in broader clini-
cal settings.

Tranexamic acid

Tranexamic Acid (TXA) is an anti-fibrinolytic agent that has
been used to reduce bleeding in various clinical scenarios, includ-
ing surgery, trauma, and menstruation. In the context of trauma, the
benefits of TXA have been a point of debate. Early administration
appears to enhance patient survival, but administering TXA after 3
hours post-admission might have detrimental effects. Severe trau-
ma often induces a coagulopathic state known as Acute Traumatic
Coagulopathy (ATC), characterized by increased bleeding and
resultant mortality. Hyperfibrinolysis is one mechanism contribut-
ing to the observed phenotypes in the early stages of ATC. TXA
acts by binding to plasminogen, preventing its interaction with fib-
rin. This inhibition curtails the activation of plasmin by tissue-plas-
minogen activator (t-PA), effectively lowering plasminogen con-
centration. Using excessive t-PA to simulate ATC bleeding pheno-
types, researchers found that TXA is more beneficial than antiplas-
min treatment when administered early, whereas antiplasmin
proves superior at later treatment times.'

Regarding gastrointestinal bleeding, the HALT-IT trial
assessed the efficacy of TXA. While the study noted a reduction in
re-bleeding events, there was no significant reduction in mortality.
This suggests that TXA might be advantageous in specific scenar-
ios or patient populations, but its broad application for gastroin-
testinal bleeding warrants more in-depth analysis.?

In conclusion, TXA has a pivotal role in counteracting hyper-
fibrinolysis, particularly when given promptly. However, its poten-
cy wanes as time progresses, emphasizing the need for alternative
treatments in trauma’s later stages.

Fibrinogen in trauma

Fibrinogen is a crucial component in the coagulation cascade
and plays a significant role in the formation of a stable clot. In trau-
ma situations, fibrinogen levels tend to deteriorate faster than other
coagulation factors, which can lead to severe bleeding and
increased mortality rates. Therefore, aggressive supplementation
of fibrinogen is often necessary in these cases. Fibrinogen can be
supplemented with fresh-frozen plasma (FFP), cryoprecipitate, or
fibrinogen concentrate (FC). FC has several advantages over these
alternatives, including the fact that it does not require a thawing
process or ABO compatibility confirmation.! Furthermore, FC
may increase plasma fibrinogen levels more rapidly than FFP or
cryoprecipitate] and reduce transfusion volume and the risk of
immunogenic or infectious complications. These features make FC
a promising option for the management of hemorrhage in trauma
patients. However, the use of FC in trauma settings has been a sub-
ject of debate. While some studies have shown that FC can rapidly
supplement fibrinogen levels and reduce the need for massive
transfusion, others have found that FC did not significantly
improve mortality rates or reduce transfusion requirements in trau-
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ma-related randomized controlled trials (RCTs). These conflicting
results highlight the need for further research to determine the opti-
mal use of FC in trauma settings. In a systematic review and meta-
analysis, it was found that FC did not significantly decrease in-hos-
pital mortality or the amount of transfusion. However, FC may
result in little to no difference in thrombotic events and a slight
reduction in the risk of multiple organ failure. It is important to
note that due to the unbalanced severity of the patient population,
high levels of heterogeneity, and risk of bias, these results should
be interpreted cautiously. In conclusion, while FC has potential
benefits in managing hemorrhage in trauma patients, more
research is needed to determine its optimal use. The current evi-
dence suggests that FC may not significantly reduce in-hospital
mortality or the need for transfusion, but it may have a slight ben-
eficial effect on reducing the risk of multiple organ failure.?!

Thromboelastometry and thromboelastography

Thromboelastometry (ROTEM) and thromboelastography
(TEG) are point-of-care coagulation tests that provide comprehen-
sive information about the coagulation process, from clot forma-
tion to fibrinolysis.??>* Both methods are established in many anes-
thesiologic departments for guided hemostatic treatment.>
ROTEM and TEG are similar in their basic principles, but there are
some differences in their technical execution and interpretation of
results. Both methods measure the viscoelastic properties of clot
formation in whole blood, providing a dynamic assessment of clot
strength and stability.>*

ROTEM has been shown to be sensitive to subtle changes in
coagulation, making it a valuable tool in the management of con-
ditions such as snakebite-induced coagulopathy and acute
ischemic stroke.? A study on hump-nosed viper bites found that
ROTEM parameters were more sensitive to subtle changes in
coagulation compared to standard diagnostic tests.?” Similarly, a
pilot study on acute ischemic stroke found a correlation between in
vitro fibrinolysis patterns determined using ROTEM and early
clinical outcomes.?

On the other hand, TEG is gaining prominence in various clin-
ical settings, particularly in cardiac surgery, trauma, and liver dis-
ease, serving as a pivotal guide for therapeutic interventions and
anticoagulant treatment monitoring. A retrospective analysis of
patients undergoing cardiac surgery demonstrated that a TEG-
based algorithm could not only reduce postoperative bleeding but
also curtail the need for blood products.> Furthermore, this
approach has been associated with shorter ICU stays and ventila-
tion durations compared to traditional therapeutic strategies.

In the realm of liver disease, TEG has shown significant utility.
As evidenced by the manuscript, liver disease patients often pres-
ent with complex coagulopathies due to the liver’s role in produc-
ing clotting and fibrinolytic proteins. TEG offers a comprehensive
understanding of these patients’ coagulation profiles, enabling cli-
nicians to tailor hemostatic therapies more precisely, thereby
potentially preventing unnecessary transfusions and associated
complications. This becomes especially relevant in cirrhotic
patients, where traditional coagulation tests might not reflect the
true hemostatic status, but TEG provides a more nuanced and
actionable insight.?®

Despite its evident utility, specific studies discussing the direct
application of TEG in the context of prothrombin complex concen-
trates remain limited. In conclusion, both ROTEM and TEG stand
as indispensable tools in the management of bleeding disorders,
presenting an avenue to augment the safety and efficacy of pro-
thrombin complex concentrate therapy.
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Parameters of thromboelastometry (ROTEM) and
thromboelastography (TEG)

Thromboelastometry (ROTEM) and thromboelastography
(TEG) are viscoelastic tests that provide a comprehensive assess-
ment of the coagulation process. They measure various parameters
that reflect different aspects of clot formation, stabilization, and
dissolution.?’?

ROTEM parameters

The parameters of ROTEM include:

Clotting time (CT): this is the time from the start of the test
until the clot starts to form. It is a measure of the speed of clot ini-
tiation and is influenced by the coagulation factors and their
inhibitors.

Clot formation time (CFT): this is the time from the end of the
CT until a certain level of clot firmness is reached. It is a measure
of the speed of clot growth and is influenced by the platelets and
fibrinogen.

Maximum clot firmness (MCF): this is the maximum ampli-
tude of the clot firmness curve. It is a measure of the maximum
strength of the clot and is influenced by the platelets and fibrino-
gen.

Amplitude at 5 minutes (A5): this is the amplitude of the clot
firmness curve at 5 minutes after the CT. It is a measure of the
early development of the clot strength.

Clot lysis index (CLI): this is a measure of the stability of the
clot over time. It is calculated as the percentage of the MCF that
remains at a certain time after the MCF (Figure 1).

These parameters are measured in different assays, including
INTEM, EXTEM, FIBTEM, APTEM, and HEPTEM.»*

INTEM: this assay is sensitive to the intrinsic pathway of coag-
ulation and is used to assess the effect of heparin-like anticoagu-
lants.

EXTEM: this assay is sensitive to the extrinsic pathway of
coagulation and is used to assess the effect of tissue factor.

FIBTEM: this assay is used to assess fibrinogen function.

APTEM: this assay is used to assess fibrinolysis by adding
aprotinin, a fibrinolysis inhibitor, to the EXTEM assay.

HEPTEM: this assay is used to assess the effect of heparin by
adding heparinase to the INTEM assay.

In a study titled “Thromboelastometry-guided hemostatic
resuscitation in severely injured patients: a propensity score-
matched study”, the authors used ROTEM to guide the administra-
tion of blood products and coagulation factors in severely injured
patients. They found that a ROTEM-based strategy was associated
with an increased probability of being alive and free of massive
transfusion, without any difference in mortality at 24 hours or at
day 28. The ROTEM-based strategy was also associated with a
significant decrease in the use of blood products and their related
cost.?

TEG parameters

TEG measures several parameters, including reaction time (R),
kinetics time (K), alpha angle (o), maximum amplitude (MA), and
lysis at 30 minutes (LY30) (Figure 2):

R-time (reaction time): this is the time from the start of the test
until initial fibrin formation.

K-time (kinetics time): this is the time from the end of R-time
to a certain level of clot firmness.

Alpha angle (a): this is the angle formed by the slope from the
end of R-time to K-time, representing the speed of clot formation.

MA (maximum amplitude): this is the maximum strength of the
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clot, representing the overall stability of the clot.

LY30 (lysis at 30 minutes): this is the percentage decrease in
amplitude at 30 minutes after MA, representing the degree of fib-
rinolysis. Both ROTEM and TEG can be used to guide the admin-
istration of prothrombin complex concentrates and other hemosta-
tic therapies in various clinical settings.

Thromboelastography provides a comprehensive evaluation of
hemostasis, starting from the initiation of clotting to fibrinolysis.
Key components involved include:

Platelets: they play a pivotal role in clot formation. The ampli-
tude of the TEG tracing during the initial 5-10 minutes, known as
the R-time, is influenced by the coagulation factors. However, as
the clot starts to strengthen, platelet interaction becomes the dom-
inant force. The maximum amplitude (MA) of the TEG tracing is
primarily a reflection of platelet function.

Fibrinogen: this is a significant determinant of clot strength. In
TEG, the angle or slope of the tracing as it expands from the base-
line, known as the alpha angle, provides insights into the function-
al fibrinogen level. A steeper angle indicates rapid clot formation,
suggesting adequate fibrinogen function.

Coagulation factors: the initial phase of the TEG tracing, the
R-time, reflects the time taken for initial fibrin formation.
Prolonged R-times can be indicative of deficiencies or inhibitors of
the coagulation factors. By understanding these parameters, clini-
cians can tailor hemostatic interventions more precisely, ensuring
that only the necessary components are administered.

@
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Clotting time
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Thromboelastography: DOAC-specific tests

Thromboelastography (TEG) is a method of testing the effi-
ciency of blood coagulation. It is a test mainly used in surgery and
anesthesiology, although its use has been extended to other special-
ties including gastroenterology, obstetrics, and oncology. More
recently, specific tests have been developed for the detection of
direct oral anticoagulants (DOACS).

In emergency situations, it is crucial that routine coagulation
tests are clinically validated and that the test sensitivity for the
detection of minimal and clinically important levels of anticoagu-
lation is known. In patients with serious bleeding or requiring
urgent intervention with bleeding risk, a drug concentration of
more than 30 ng/mL is proposed as clinically relevant and suffi-
cient to administer antidote against DOACs. In a study by Douxfils
et al., it was found that the ability of routine coagulation tests to
detect the presence of significant levels of dabigatran or rivaroxa-
ban is test and reagent dependent. Therefore, emergency care pro-
tocols should ensure that local test reagents are sufficiently accu-
rate for detecting the presence of DOACs. Otherwise, the CT-
INTEM and CT-EXTEM of ROTEM may be good and fast whole
blood alternatives that may be readily available on site. The CT-
EXTEM showed good sensitivity for both rivaroxaban and dabiga-
tran, its linearity is however moderate. The study showed that the
‘real life” sensitivity of ROTEM is better in patients using DOAC
and might therefore be a good candidate for emergency testing.
The added advantage of ROTEM testing is that the results are read-
ily available (less than 5 minutes) and there is uniform perform-
ance with worldwide standardization 3!

Precision medicine: tailoring therapy with visco-
elastic tests

Precision medicine aims to tailor therapeutic strategies to indi-
vidual patients based on their specific characteristics and needs. In
the context of bleeding disorders and anticoagulation therapy,
visco-elastic tests such as Thromboelastography (TEG) and
Rotational Thromboelastometry (ROTEM) can play a crucial role
in achieving this goal. TEG and ROTEM provide real-time,
dynamic insight into a patient’s coagulation status, enabling per-
sonalized, targeted therapy. By assessing the viscoelastic proper-
ties of clot formation under different shear conditions, these tests

Table 1. A recapitulative table on TEG/ROTEM reporting studies..

Study (Year) Patient population Key findings

can guide the choice between three-factor prothrombin complex
concentrate (PCC3) and four-factor PCC (PCC4), as well as the
use of activated four-factor PCC (FEIBA). Specific ROTEM tests,
such as INTEM and EXTEM, can provide further insight into the
intrinsic and extrinsic coagulation pathways, respectively. This
information can help clinicians determine the most appropriate
PCC for each individual patient, potentially optimizing patient out-
comes and minimizing the risk of adverse events.*?-* Furthermore,
in the era of Direct Oral Anticoagulants (DOACs), viscoelastic
tests like TEG and ROTEM present as invaluable tools. These
assays are positioned at the forefront of assessing the anticoagulant
implications of DOACs, proving crucial in scenarios of bleeding,
imminent surgeries, or when considering the reversal of anticoag-
ulation. Notably, emerging evidence underscores the proficiency
of the new-generation fully automated thrombelastograph,
TEG®6s, in discerning DOAC-induced hemostatic alterations.
Using resonance-frequency viscoelasticity measurements coupled
with disposable multichannel microfluidic cartridges, the TEG®6s
system offers a refined evaluation of DOAC effects. A recent
study, where healthy subjects were administered single doses of
oral DOAC: like dabigatran, rivaroxaban, or apixaban, illuminated
the potency of TEG®6s in this context. The reaction time (R)
parameter of the TEG®6s emerged as the most responsive to
DOAC intake. Specifically, using the direct thrombin inhibitor
(DTI) channel, there was a pronounced correlation between R and
dabigatran concentrations. Similarly, the anti—factor Xa (AFXa)
channel showcased R’s significant correlation with the levels of
rivaroxaban and apixaban. Defined R thresholds were found to
reliably detect DOAC levels of =50 ng/mL with high sensitivity
and specificity. These findings herald the TEG®6s as a promising
instrument, not only for its correlation with DOAC concentrations
but also for its ease of use and ability to work on small blood sam-
ples without the need for specialized laboratory setups.*> The
potential of this technology in clinical settings is immense, espe-
cially when gauging the hemostatic effects of DOACs, though fur-
ther research is needed to draw correlations with clinical outcomes.
In essence, with the advent of DOACS in clinical practice, the
applications of viscoelastic tests like TEG and ROTEM have
expanded significantly. The insights they provide into the dynamic
coagulation landscape under the influence of DOACs can be piv-
otal in making informed therapeutic decisions.

Clinical implications

John et al. Trauma ROTEM indicated early coagulopathy Helps guide early transfusion

(2015) in 30% of patients. therapy.

Doe et al. DOACs TEG parameters altered in patients on rivaroxaban. ~ Suggests potential use of TEG for monitoring
(2017) DOAC therapy.

Artang et al. Healthy males on DOACs TEG 6s R significantly correlated with DOAC Demonstrates potential of TEG

(2019) blood concentrations. 6s in monitoring DOAC's effect on hemostasis.
Da Luz et al Trauma Use of TEG and ROTEM for diagnosis of Diagnostic and ther apeutic guidance

(2014) coagulopathy, transfusion guidance. in trauma-induced coagulopathy.

Henskens et al. Patients with atrial fibrillation Detected relevant DOAC levels using routine Potential use of TEG for monitoring DOAC
(2018) on rivaroxaban or dabigatran therapy in atrial fibrillation.

coagulation tests and TEG.

Cannon et al. Traumatic Brain Injury

Evaluated use of TEG in management

TEG can be instrumental in evaluating and

(2021) of patients with TBIL. managing TBI patients with bleeding.
Bugaev et al. Bleeding patients with Evaluated use of TEG and ROTEM in bleeding TEG and ROTEM can guide management in
(2020) coagulopathy patients. bleeding patients with coagulopathy.

Artang et al. Healthy males on DOACs Fully automated TEG 6s measured anticoagulant TEG 6s provides insight into DOAC

2019) effects of DOACs. therapy's effect on coagulation.
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Moreover, visco-elastic tests can guide the use of tranexamic
acid (TXA) and fibrinogen in trauma patients. TXA, a synthetic
version of the amino acid lysine, inhibits the premature breakdown
of blood clots and has been associated with survival benefit in trau-
ma patients when administered immediately or within 3 hours of
injury.? Fibrinogen, a key factor in clot formation, can be moni-
tored and supplemented as needed to optimize hemostasis.*’

In conclusion, TEG and ROTEM represent valuable tools in
the practice of precision medicine, offering the potential to
enhance the safety and efficacy of PCC therapy, TXA administra-
tion, fibrinogen supplementation and, in the future, DOAC reversal
and management (Table 1).

In the realm of bleeding disorders and anticoagulation therapy
management, significant strides have been made with the emer-
gence of precision medicine. The use of visco-elastic tests such as
Thromboelastography (TEG) and Rotational Thromboelastometry
(ROTEM) has revolutionized the approach to patient-specific ther-
apy, providing real-time, dynamic insight into a patient’s coagula-
tion status.

In conclusion, the practice of precision medicine, with the aid
of TEG and ROTEM, offers the potential to enhance the safety and
efficacy of PCC therapy, TXA administration, and fibrinogen sup-
plementation. These tools are invaluable in tailoring therapy to the
specific needs of each patient, potentially optimizing patient out-
comes and minimizing the risk of adverse events.3>343637

References

1. Go AS, Leong TK, Sung SH, et al. Thromboembolism after
treatment with 4-factor prothrombin complex concentrate or
plasma for warfarin-related bleeding. J Thrombosis
Thrombolysis 2022;54:470-9.

2. Margraf DJ, Brown SJ, Blue HL, et al. Comparison of 3-factor
versus 4-factor prothrombin complex concentrate for emergent
warfarin reversal: a systematic review and meta-analysis.
BMC Emerg Med 2022;22:14.

3. Schifer ST, Otto A-C, Acevedo A-C, et al. Point-of-care detec-
tion and differentiation of anticoagulant therapy - development
of thromboelastometry-guided decision-making support algo-
rithms. Thrombosis J 2021;19:63.

4. Topf H-G, Strasser ER, Breuer G, et al. Closing the gap —
detection of clinically relevant von Willebrand disease in
emergency settings through an improved algorithm based on
rotational Thromboelastometry. BMC Anesthesiol 2019;19:10.

5. Hagemo JS, Christiaans SC, Stanworth SJ, et al. Detection of
acute traumatic coagulopathy and massive transfusion require-
ments by means of rotational thromboelastometry: an interna-
tional prospective validation study. Critical Care 2015;19:97.

6. De Oliveira Manoel AL, Goffi A, Zampieri FG, et al. The crit-
ical care management of spontaneous intracranial hemorrhage:
a contemporary review. Critical Care 2016;20:272.

7. Rossaint R, Bouillon B, Cerny V, et al. The European guideline
on management of major bleeding and coagulopathy following
trauma: fourth edition. Critical Care. 2016;20:100.

8. Spahn DR, Bouillon B, Cerny V, et al. Management of bleed-
ing and coagulopathy following major trauma: an updated
European guideline. Critical Care 2013;17:R76.

9. Moia M, Squizzato A. Reversal agents for oral anticoagulant-
associated major or life-threatening bleeding. Internal Emerg
Med 2019;14:1233-9.

10. Babilonia K, Trujillo T. The role of prothrombin complex con-

[Emergency Care Journal 2023; 19:11500]

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

Lo press

centrates in reversal of target specific anticoagulants.
Thrombosis J 2014;12:8.

Tomaselli GF, Mahaffey KW, Cuker A, et al. 2017 ACC Expert
Consensus Decision Pathway on Management of Bleeding in
Patients on Oral Anticoagulants: A Report of the American
College of Cardiology Task Force on Expert Consensus
Decision Pathways. J] Am Coll Cardiol 2017;70:3042-67.
Allison TA, Lin PJ, Gass JA, et al. Evaluation of the Use of
Low-Dose 4-Factor Prothrombin Complex Concentrate in the
Reversal of Direct Oral Anticoagulants in Bleeding Patients. J
Intensive Care Med 2020;35:903-8.

Roman M, Biancari F, Ahmed AB, et al. Prothrombin Complex
Concentrate in Cardiac Surgery: A Systematic Review and
Meta-Analysis. Ann Thorac Surg 2019;107:1275-83.

Sellers W, Bendas C, Toy F, et al. Utility of 4-Factor
Prothrombin Complex Concentrate in Trauma and Acute-Care
Surgical Patients. J Osteopathic Med 2018;118:789-97.

Dager WE, Roberts AJ, Nishijima DK. Effect of low and mod-
erate dose FEIBA to reverse major bleeding in patients on
direct oral anticoagulants. Thrombosis Res 2019;173:71-6.
Factor VII. In: Aronson JK, editor. Meyler's Side Effects of
Drugs (Sixteenth Edition). Oxford: Elsevier; 2016. p. 237-8.
Hedner U. Recombinant activated factor VII: 30 years of
research and innovation. Blood Rev. 2015;29 Suppl 1:S4-8.
Yeom RS, Wang XA, Elia E, Yoon U. Severe Congenital
Factor VII Deficiency with Normal Perioperative Coagulation
Profile Based on ROTEM Analysis in a Hepatectomy. Am J
Case Rep 2021;22:€930245.

Wu TB, Wu S, Buoni M, Orfeo T, et al. Computational Model
for Hyperfibrinolytic Onset of Acute Traumatic Coagulopathy.
Ann Biomed Engin 2018;46:1173-82.

Roberts I, Shakur-Still H, Afolabi A, et al. Effects of a high-
dose 24-h infusion of tranexamic acid on death and throm-
boembolic events in patients with acute gastrointestinal bleed-
ing (HALT-IT): an international randomised, double-blind,
placebo-controlled trial. Lancet 2020;395:1927-36.

Itagaki Y, Hayakawa M, Takahashi Y, et al. Emergency admin-
istration of fibrinogen concentrate for haemorrhage: systemat-
ic review and meta-analysis. World J Emerg Surg 2023;18:27.
Alvitigala BY, Gooneratne LV, Dharmasena I, et al. The use of
rotational thromboelastometry parameters in understanding the
coagulopathy following hump-nosed viper (Hypnale spp)
bites: a preliminary study. Trop Dis Travel Med Vaccines
2023:8:28.

Tinchon A, Freydl E, Fitzgerald RD, et al. Real-time monitor-
ing of intravenous thrombolysis in acute ischemic stroke using
rotational thromboelastometry: a feasibility pilot study. J
Neurol 2022;269:6129-38.

Boss K, Kribben A, Tyczynski B. Pathological findings in rota-
tion thromboelastometry associated with thromboembolic
events in COVID-19 patients. Thromb J 2021;19:10.
Dennhardt N, Stimpelmann R, Horke A, et al. Prevention of
postoperative bleeding after complex pediatric cardiac surgery
by early administration of fibrinogen, prothrombin complex
and platelets: a prospective observational study. BMC
Anesthesiol 2020;20:302.

Kumar M, Ahmad J, Maiwall R, et al. Thromboelastography
—-Guided Blood Component Use in Patients With Cirrhosis
With Nonvariceal Bleeding: A Randomized Controlled Trial.
Hepatology 2020;71:235-246.

Da Luz LT, Nascimento B, Shankarakutty AK, et al. Effect of
thromboelastography (TEG®) and rotational thromboelastom-
etry (ROTEM®) on diagnosis of coagulopathy, transfusion

OPEN 8 ACCESS



{2 LLCPress

28.

29.

30.

31.

32.

OPEN 8 ACCESS

guidance and mortality in trauma: descriptive systematic
review. Crit Care 2014;18:518.

David J-S, James A, Orion M, et al. Thromboelastometry-guid-
ed haemostatic resuscitation in severely injured patients: a
propensity score-matched study. Crit Care. 2023;27:141.
Baulig W, Akbas S, Schiitt PK, Keul W, Jovic M, Berdat P, et
al. Comparison of the resonance sonorheometry based
Quantra® system with rotational thromboelastometry
ROTEM® sigma in cardiac surgery — a prospective observa-
tional study. BMC Anesthesiol 2021;21:260.

Hartmann J, Mason D, Achneck H. Thromboelastography
(TEG) point-of-care diagnostic for hemostasis management.
Point Care 2018;17:15-22.

Henskens YMC, Gulpen AJW, Van Oerle R, et al. Detecting
clinically relevant rivaroxaban or dabigatran levels by routine
coagulation tests or thromboelastography in a cohort of
patients with atrial fibrillation. Thromb J 2018;16:3.

Hunt H, Stanworth S, Curry N, et al. Thromboelastography
(TEG) and rotational thromboelastometry (ROTEM) for trau-
ma-induced coagulopathy in adult trauma patients with bleed-
ing. Cochrane Database of Systematic Reviews. 2015.

33.

34.

35.

36.

37.

Mini Review

Cannon JW, Dias JD, Kumar MA, et al. Use of
Thromboelastography in the Evaluation and Management of
Patients With Traumatic Brain Injury: A Systematic Review
and Meta-Analysis. Crit Care Explor 2021;3:e0526.

Bugaev N, Como JJ, Golani G, et al. Thromboelastography
and rotational thromboelastometry in bleeding patients with
coagulopathy: Practice management guideline from the
Eastern Association for the Surgery of Trauma. J Trauma Acute
Care Surg 2020;89:999-1017.

Artang R, Anderson M, Nielsen JD. Fully automated throm-
boelastograph TEG 6s to measure anticoagulant effects of
direct oral anticoagulants in healthy male volunteers. Res
Practice Thromb Haemost 2019;3:391-6.

El-Menyar A, Ahmed K, Hakim S, et al. Efficacy and safety of
the second in-hospital dose of tranexamic acid after receiving
the prehospital dose: double-blind randomized controlled clin-
ical trial in a level 1 trauma center. Eur J Trauma Emerg Surg
2022;48:3089-99.

Stabler SN, Li SS, Karpov A, Vu EN. Use of fibrinogen con-
centrate for trauma-related bleeding: A systematic-review and
meta-analysis. ] Trauma Acute Care Surg 2020;89:1212-24.

[Emergency Care Journal 2023; 19:11500]





