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Abstract

Thromboelastography (TEG) and rotational thromboelastometry are emerging technologies that are gaining increasing accept-
ance in the medical field to evaluate the coagulation status of patients on an individual level by assessing dynamic clot forma-
tion. TEG has been proven to reduce blood product use as well as improve patient outcomes in a variety of medical settings,
including trauma and surgery due to the expediated nature of the test as well as the ability to determine specific deficiencies
present in whole blood that are otherwise undetectable with traditional coagulation studies. Currently, no guidelines or rec-
ommendations are in place for the utilization of TEG in interventional or diagnostic radiology although access to TEG has
become increasingly common in recent years. This manuscript presents a review of prior literature on the technical aspects
of TEG as well as its use in various fields and explains the normal TEG-tracing parameters. Common hemodynamic abnor-
malities and their effect on the TEG tracing are illustrated, and the appropriate treatments for each abnormality are briefly
mentioned. TEG has the potential to be a useful tool for determining the hemodynamic state of patients in both interventional
and diagnostic radiology, and further research is needed to determine the value of these tests in the periprocedural setting.
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Introduction

Safely performing minimally invasive image-guided inter-
ventions on patients receiving anticoagulation and antiplate-
let therapy require meticulous and dynamic management to
minimize bleeding and coagulopathy-related adverse out-
comes in the periprocedural period. There is a wide range of
different bleeding disorders, compounded by specific clini-
cal settings (i.e., cirrhosis, heart disease, renal failure), each
having its own set of nuances for specific periprocedural
management guidelines. Criteria for determining periproce-
dural strategies in these patients during image-guided pro-
cedures are well described in the Society for Interventional
Radiology Consensus Guidelines for the Periprocedural

P< Samuel J. Galgano
samuelgalgano @uabmc.edu

University of Alabama at Birmingham School of Medicine,
Birmingham, AL, USA

Department of Radiology, Vanderbilt University Medical
Center, Nashville, TN, USA

Department of Radiology, University of Alabama
at Birmingham, Birmingham, AL, USA

Management of Thrombotic and Bleeding Risk in Patients
Undergoing Percutaneous Image-Guided Interventions—
Parts I and II published in 2019 (SIR 2019) [1, 2]. Tradi-
tional laboratory values used to assess bleeding risk are pro-
thrombin time (PT), activated partial thromboplastin time
(PTT), and International Normalized Ratio (INR), along
with secondary tests such as thrombin time, fibrinogen assay,
D-Dimer, and platelet count. However, despite not neces-
sarily a component of routine laboratory testing, throm-
boelastography (TEG) and rotational thromboelastometry
(ROTEM) have emerged as useful tools to quickly assess
bleeding and/or thrombotic risk and etiology in numerous
different clinical and periprocedural scenarios. As a result,
the European Society of Anaesthesiology (ESA) has begun
recommending the use of TEG as a means of identifying and
treating bleeding in the perioperative setting with additional
recommendations being made by the Eastern Association for
the Surgery of Trauma regarding TEG use in trauma surgery
with emerging evidence of benefits in cardiovascular and
transplant surgeries [3-7].

TEG and ROTEM are viscoelastic tests that provide
a unique, comprehensive assessment of the integrity of
a patient’s coagulation system. These tests measure the
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dynamic process of clot formation in its entirety, taking
into account not only the presence of the necessary clotting
components for thrombus formation such as plasma, clotting
factors, platelets, and blood cells but also the availability
and functionality of these components using methods that
more closely mimic in vivo clot formation when compared
to legacy blood tests. TEG uses an oscillating cylindrical
container of whole blood in which a small pin is submersed
to process real-time viscoelastic properties of clot formation
and clot lysis via a torsion wire (Table 1). ROTEM evolved
from TEG and differs in that the suspended pin oscillates
instead of the container of blood [8]. While many authors
have advocated the benefits of TEG compared to traditional
coagulation tests in a variety of clinical settings [8—11], nei-
ther TEG nor ROTEM has been validated to assess bleed-
ing risk in non-bleeding patients to guide blood component
therapy, and their value in the preprocedural workup for
an interventional radiologic procedure is not yet known
[12—14]. As these tools continue gaining attention as viable
indicators of coagulation status, radiologists who perform
image-guided procedures would benefit from having knowl-
edge of the current and potential applications of TEG and
ROTEM. The purpose of this review is to provide an over-
view of TEG including the benefits of TEG when compared
to legacy blood tests, the current use-cases of TEG, and a
brief explanation of how the specific parameters of the test
are generated. A normal TEG tracing as well as common
abnormal tracings will also be explained, and the viability
of adding TEG to the field of radiology will be discussed.

Benefits of TEG compared to other
coagulation parameters

Traditional coagulation studies such as PT, aPTT, INR,
platelet count, fibrinogen concentration, D-Dimer, and
bleeding time are useful for the clinical diagnosis of a coagu-
lopathy or potential thrombotic state, as well as monitoring
anticoagulation therapy, and treating episodes of bleeding.
However, these tests do have limitations, such as increased
turnaround time in the setting of acute bleeding, and their
inability to provide a complete picture of hemostasis due
to their lack of adequate representation of certain coagu-
lation factors (i.e., Factor XIII), platelet function, and the
fibrinolytic system. For instance, platelet function is influ-
enced by substances such as non-steroidal anti-inflammatory
drugs (NSAIDs), antiplatelet medicines, and alcohol, as well
as disease states such as malignancy and uremia. Testing
for platelet concentration, which is part of a routine com-
plete blood count, does not assess platelet function. TEG,
however, does give a visual and numeric representation of
platelet function by quantifying the kinetics and strength of
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clot formation itself which reflects not only platelet quantity
abnormalities but also problems with platelet function.

One particularly significant difference between traditional
coagulation studies and TEG is in the setting of liver dis-
ease. Since most of the coagulation factors assessed with PT,
aPTT, INR, etc. are synthesized in the liver, these coagula-
tion studies often have abnormal results. Recent revisions
of the 2019 SIR guidelines have included parameters for
patients with chronic liver disease that reflects the rebal-
anced coagulation system in these patients [2]. However, in
patients with chronic liver disease, TEG offers additional
information about the exact hemostatic condition of each
of these patients and may provide more useful information
over standard preprocedural laboratory tests [15]. Further
benefits of TEG include the ability to monitor clot fibrinoly-
sis directly. In general, other coagulation assays are unable
to adequately represent clot lysis [16]. As a result, TEG is
unique in its ability to measure a state of hyperfibrinolysis
which has been associated with increased mortality but can
be treated when identified in a timely manner [17]. Another
key difference between traditional coagulation tests and TEG
is the turnaround time to receive test results. For instance,
turnaround time for PT, INR, aPTT, and platelet count is
approximately 45 min to 1 h in a standard hospital labora-
tory due to logistic restraints. Comparatively, TEG can be
measured in real-time with actionable data generated in as
little as 5 min in some cases [18].

Current applications of TEG

Due to expedited nature of TEG analysis, TEG is most com-
monly utilized in settings where hemorrhagic blood loss is
common such as cardiothoracic surgery, postpartum hem-
orrhage, and trauma [19-21]. In addition to the speed in
which the test results can be obtained, TEG results are able
to guide blood product selection. TEG has been associated
with reduced volume of transfusion of various blood prod-
ucts including red blood cells (RBCs), fresh frozen plasma
(FFP), and platelets in addition to other benefits including
decreased bleeding volume, increased cost savings, lower
mortality rates, and reduced reoperation rates [4, 21-23].
As TEG has become more widely available, the tech-
nology has been implemented in a variety of areas. In the
critical care setting, TEG has been used to predict throm-
botic risk and transfusion requirements [24]. For oncologic
patients with septic shock, TEG has been shown to be pre-
dictive of venous thromboembolism (VTE) due to its ability
to generate real-time assessment of in vitro clot formation
[25]. In the assessment of critically ill neonates, TEG has
been shown to be predictive of bleeding events which could
lead to more optimized blood product utilization which is
complicated by the dynamic hemostatic status present in
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critically ill neonates [26]. With some cases of COVID-19
leading to coagulopathies in a subset of patients, TEG has
also been used to predict thrombotic complications and to
guide patient management in this patient cohort [27, 28].

Interpretation of TEG and implications
on bleeding risk

The interpretation of TEG is typically dependent on the
measurement of five values, reaction time (R), clot kinetics
(K), clot strengthening (a-angle), maximum strength of the
clot which corresponds to the maximum amplitude (MA),
and percentage of clot lysis 30 min after maximum ampli-
tude (Ly30) [29]. Importantly, values may fluctuate based
on manufacturer and/or reagent used for the assay [22]. To
ensure adequate interpretation, the normal limits for the
particular TEG used must be established. An example of a
normal TEG graph with corresponding labels is shown in
Table 1.

Thrombus formation occurs via a complex, multistep
process that includes three phases: initiation, amplifica-
tion, and propagation [30]. The initiation phase involves a
multitude of coagulation factors interacting via tissue factor
which leads to the amplification phase, defined by the activa-
tion of platelets and other coagulation factors. Ultimately,
the activation of factor X on the platelet surface begins the
propagation phase where a complex of factor X and V col-
lectively convert factor II (prothrombin) to thrombin. The
newly formed thrombin subsequently acts on fibrinogen
to form fibrin which is the component of the thrombus
which provides additional structural integrity to the clot by
crosslinking the platelets, forming a fibrin-platelet mesh. As
illustrated in Table 1, the TEG tracing reflects the integrity
of these processes in whole blood.

The TEG tracing is generated by submersing a pin cou-
pled to a torsion wire into a cup of whole blood after which
various reagents are added to cause clot formation [8, 9].
The cup of whole blood is rotated about its central axis in
an oscillating motion from 4° to 45°, while the pin initially
remains still. As the clot begins to form on both the cup
and the pin, the pin begins to move with the cup as the clot
strengthens which is recorded by a torsion wire connected
to the pin.

The time from when the reagent is added until the ampli-
tude of the pin rotating about its axis has reached 2 mm is
recorded as the reaction time (R) [22]. The reaction time
corresponds to the formation of the platelet plug which is
dependent upon the availability and functionality of coagula-
tion factors as well as various enzymatic reactions require
for thrombus formation. Typical R values range from 4 to
10 min depending on manufacturer and reagent used for the
specific TEG system. A prolonged R value may indicate
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low factor levels or may indicate that the individual has
an inhibitor present which can disrupt thrombus forma-
tion. Other conditions that can cause prolonged R values
include patients on warfarin, as well as those with hemo-
philia, although there have been mixed findings associated
with the R value and its reliability with warfarin assessment,
showing no correlation with INR but has been shown to be
useful with treating patients on unfractionated heparin [29,
31-33]. Treatment for a prolonged R time is typically fresh
frozen plasma (FFP) which contains a high concentration of
all essential coagulation factors required for clot formation
[33, 34].

After the initial formation of the platelet plug, amplifi-
cation occurs. The TEG tracing reflects this amplification
via two measurements, the kinetic parameter (K) and the
a-angle. The K value is recorded as the time that elapses
between reaching 2 mm of amplitude and 20 mm of ampli-
tude [8]. The K value is most commonly representative of
the availability of fibrinogen to facilitate thrombus formation
[29]. The a-angle is a measurement of the angle from mid-
line of the graph to the tangent of the curve at an amplitude
of 20 mm. A steeper angle indicates a hypercoagulable state
while an angle below normal limits is reflective of throm-
bocytopenia or hypofibrinogenemia. Factor deficiencies and
thrombocytopenia can also increase the K value and lower
the a-angle as a result of slowed clot proliferation [22]. In
general, a low K or a-angle can be corrected with fibrinogen
or cryoprecipitate which contains a high concentration of
fibrinogen [33, 35].

The maximum amplitude (MA) of the graph is also meas-
ured from the TEG tracing and reflects the strength of the
clot which is dependent on a multitude of factors including
fibrinogen levels, platelet count, and platelet function. The
MA is increased in hypercoagulable states and decreased in
thrombocytopenia, platelet dysfunction, and hypofibrinogen-
emia. Treatment for elevated MA revolves around treating
the underlying condition while transfusion of platelets or
administration of desmopressin (DDAVP) is typically the
preferred treatment for decreased MA [29].

After reaching the MA, the adhesion between the clot and
the pin begins to breakdown, allowing the pin to slip within
the clot, reducing the rotation of the pin which in turn results
in a reduction in the amplitude of the TEG tracing [29].
The percentage of lysis at 30 min (Ly30) is measured as
the percent change in amplitude of the TEG tracing 30 min
after reaching the MA. The Ly30 reflects fibrinolysis of the
clot which is mediated by plasmin. Some TEG tracings also
record the percentage of amplitude lost at 60 min (Ly60), but
many TEG tracings do not run to completion as the utility
of the test is gained through the aforementioned parameters
which occur early within the testing process [22]. States
of hyperfibrinolysis indicated by an increased Ly30 can be
treated with tranexamic acid or antifibrinolytic agents [36].
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Table 2 Schematic of common TEG tracings with associated parameters

Pathology Tracings R K a MA Ly30
Normal - - - - _
Hypercoagulable state | 1 1 1 -
Hypocoagulable state 1 1 | | i

Antiplatelet pharmaceutical

DIC (early)

DIC (late)

Thrombocytopenia

Fibrinolysis

Low fibrinogen

%

t 1 ! ! t
- t ! ! -
- - - ! t
— T l — —

Figures not to scale and do not represent a TEG tracing in its entirety but are meant to accurately depict expected features of actual tracings

DIC disseminated intravascular coagulation

Coagulation index (CI), a comprehensive indicator of
the hemodynamics of the blood, can be calculated using
the parameters produced from the TEG [29]. The normal
values for the CI range between — 3.0 and + 3.0, which
represents three standard deviations from the mean of
zero. A commonly used formula for calculating that the
CI is shown below which includes four parameters from
the TEG tracing (R, K, MA, and a-angle). Values greater
than + 3.0 or less than — 3.0 indicate a hypercoagulable
or coagulopathic state, respectively. While effective as a
single numerical value that provides an insight into the
hemodynamic properties of the patient, CI is seldomly

used in practice, and as a result, the significance of the CI
remains largely unvalidated.

Examples of a normal TEG tracing as well as some com-
mon abnormalities are illustrated in Table 2. While some
electronic health record (EHR) systems provide only the val-
ues of the aforementioned numerical parameters from a TEG
tracing rather than the tracing itself, some basic knowledge
of a normal TEG tracing and common abnormal variants
may be beneficial for the rapid identification of hemostatic
abnormalities both in interventional and diagnostic radiol-
ogy. The ability to identify the differences between hyperco-
agulable and hypocoagulable states based on the tracing may
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be sufficient for the vast majority of applications in radiol-
ogy; however, other common etiologies are also presented.

Conclusions and future directions

Given the knowledge gap among radiologists who may have
been trained prior to TEG becoming a more prevalent hemo-
dynamic assessment tool, continued awareness, and educa-
tion on the topic is essential to providing safe and effective
patient care. As TEG continues to be validated in various
settings, further research is needed in its potential applica-
tions in image-guided procedures. Given the relative nov-
elty of TEG and its role in hemodynamic assessment, tools
that enable radiologists to consider and interpret that TEG
results may facilitate a more widespread and rapid accept-
ance. Potential future iterations of periprocedural anticoagu-
lation guidelines, including future revisions to SIR guide-
lines, may consider adding additional recommendations for
the incorporation of TEG into perioperative and transfusion
management.
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