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Abstract

Nurse practitioners may manage patients with coagulopathic bleeding which can lead to life-
threatening hemorrhage. Routine plasma-based tests such as prothrombin time and activated
partial thromboplastin time are inadequate in diagnosing hemorrhagic coagulopathy.
Indiscriminate administration of fresh frozen plasma, platelets or cryoprecipitate for coagulopathic
states can be extremely dangerous. The qualitative analysis that thromboelastography provides can
facilitate the administration of the right blood product, at the right time, thereby permitting the
application of goal-directed therapy for coagulopathic intervention application and patient
survival.
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INTRODUCTION

Hospitalized patients may undergo coagulopathic bleeding, which can lead to life-
threatening hemorrhage. Causes of coagulopathic bleeding can be due to pathophysiologic
disturbances in clotting mechanisms due to traumatic injury,! surgery,? liver disease,3 sepsis
and severe infections,* cancer,® pancreatitis,# and acute solid organ transplant rejections.® It
is important that nurse practitioners (NPs) caring for such patients can diagnose where in the
clotting cascade impairment is present, so that targeted therapy can be applied precisely and
rapidly to control bleeding. Thromboelastography devices such as the TEG® and RoTem®
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provide for point-of-care monitoring tests (the thromboelastogram is the output of the
TEG®) that assesses the viscoelastic proprieties of evolving clot in the patient’s whole
blood, and can provide information about fibrin formation, platelet activation, and clot
retraction. With such information, the NP can arrive at the correct coagulopathic diagnosis
and initiate goal-directed transfusion therapy. The purpose of this article is to demonstrate
the shortcomings of routine plasma-based tests such as prothrombin time (PT) and partial
thromboplastin time (PTT) in diagnosing hemorrhagic coagulopathy, and the enhanced
utility of thromboelastography as compared to routine tests in providing information about
targeted coagulopathic intervention application.

BACKGROUND

Coagulation Cascade

The cell-based model of the coagulation cascade’ posits an enhanced understanding of the
inadequacy of routine plasma-based tests such as PT and PTT in hemorrhage resuscitation.
A brief review of the coagulation cascade can aid in understanding the potential
shortcomings of these tests.

The coagulation cascade is a highly complex chain of cellular and biochemical reactions, but
Figure 1 shows a simplified version, demonstrating the two cascade activation pathways.
The extrinsic or tissue factor pathway is activated whenever there is tissue damage outside
of the blood vessels, while the intrinsic (PTT) pathway is invoked with damage to the blood
vessel. The extrinsic pathway is set in motion when tissue factor from an injured muscular
endothelium activates factor VII to form factor Vlla, which, in the presence of tissue
thromboplastin, activates factor X (the factor at the beginning of the common pathway). In
contrast, the intrinsic pathway is set in motion when damage to the vascular surface in
contact with blood activates factor XII, and continues with activated factor Xlla. It also
includes factors XI and 1X along with their activated factors Xla and 1Xa. Finally, factor
V111 activates factor X, thus also arriving at the beginning of the common pathway at this
point.

Whether the common pathway is reached through extrinsic or intrinsic mechanisms, factor
X is next activated to form factor Xa, which then combines with prothrombin (factor I1) to
form thrombin (factor I1a). Thrombin activates factor V to factor Va, and factor VIII to
Vllla, which serves as a positive feedback loop to increase thrombin production.8 Thrombin
also acts on fibrinogen (factor 1) and forms its activated form called fibrin (factor la).
Thrombin also activates factor XIII, resulting in the cross-linking of fibrin strands. The
major role of thrombin, however, is to activate platelets.® In general, only a very small
amount of thrombin is needed to convert fibrinogen to fibrin,10 but larger amounts are
needed for platelet binding with the cross-linked fibrin strands to form clot.1 It is at the
point of the formation of fibrin polymers where all routine coagulation tests stop their
analysis. Thromboelastography is unique in that it provides information gained further into
clot development, and a measure of the strength of the fibrin-platelet bonds in whole blood.
Thromboelastography does so by measuring the mechanical properties of the hemostatic
process, including the time taken before clot formation starts, the kinetics of the fibrin clot,
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the time taken to achieve maximum strength of the clot, and the final strength and stability
of the clot.

OPERATING PRINCIPLES OF THE VISCOELASTIC TEST ANALYZER

Thromboelastography analyzers, such as the TEG®, consist of a torsion wire, a pendulum,
and a cup to hold the sample of whole blood as shown in Figure 2. A small (0.36 ml) citrated
whole blood sample is placed into the cup along with calcium chloride, kaolin, and
phospholipid (which activates the intrinsic pathway) and heated to 37° C. The cup is rotated
at a 4° 45 arc, six times a minute, back and forth, imitating the sluggish blood flow in the
venous circulation, for the entire duration of the test. A stationary pin attached to the torsion
wire is inserted into the cup, and as fibrin begins to form it attaches to the pin, with
subsequent fibrin-platelet binding dragging on the pin. The mechanical energy of the clot is
transduced into an electrical current and is analyzed by a computer, which produces a split
symmetrical reaction curve whose magnitude is directly proportional to the strength of the
clot formed over time.

THROMBOELASTOGRAPHY INTERPRETATION FOR DIAGNOSIS AND
MANAGEMENT

Although the thromboelastograpy devices on the market are similar in terms of the variables
measured, they vary in their nomenclature, variable definitions and ranges of their output. 12
For simplicity, we concentrate on explaining the output of one device—the TEG®. The
visual output of the TEG® is the split symmetrical reaction curve which is generated by
plotting time on the horizontal axis, and amplitude or strength of the clot on the vertical axis.
There are 6 major values obtained from the resulting plot. The Rtime, K time, and « or the
angle, measure fibrin contribution to clot formation. The maximum amplitude (MA), G
value, and percentage of lysis after 30 minutes called LY30 measure the platelet
contribution.

Reaction Time, R time or R

R indicates the time from the test start (blood sample placed into the analyzer) until the start
of the clot or fibrin formation. Normal R values range between 7.5 and 15 minutes. In
hemorrhaging patients, the R time could either be prolonged or shortened. Prolongation of
the R time can occur due to hemodilution, the release of endogenous heparin due to tissue
breakdown, or a deficiency in coagulation factors.13 Although thromboelastography does
not provide information about the specific coagulation factor which is deficient, the
treatment for prolonged R time is to administer FFP. This is because FFP contains all factors
of the coagulation cascade, and can also replace volume without further coagulant
hemodilution.14

A shortening of R time, usually considered <3 minutes, occurs in hypercoagulable states.
Examples would be patients with early disseminated intravascular coagulation (DIC) or
septicemia.l® In these situations, free thrombin is released into the circulating blood,
triggering the clotting mechanisms and causing hypercoagulation. The patient later begins to
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bleed because of exhaustion of clotting factors. Thus, treatment with an anticoagulant to
slow or reverse the inappropriate clotting would be beneficial.16

Kinetic Value, K value or K

This is the time taken to achieve a certain level of clot strength, identified by the time taken
to reach amplitude of 20 mm. As such, this value indicates fibrin Kinetics or the speed of clot
formation, and indicates the speed of the bond formation between fibrin and platelets. It
begins from the point where the R time ends, to the point on the plot where the amplitude
reaches 20 mm. Normal K values range between 3 and 6 minutes.

a Value or angle

This is a measure of the speed at which fibrin builds up and cross-linking occurs, assessing
the rate of clot formation. This angle is obtained by drawing an imaginary tangential line
from the point where the symmetrical curve splits into two to the ending point of the K
value. Since this measure is related to the fibrin-platelet interaction and cross-linking, it is
also a measure of functional fibrinogen.1’ Normal a value is between 45° and 55°.

Similar to R, K values can either be prolonged or shortened in hemorrhaging patients. As
shown in Figure 3, a longer K value causes a shallow or more acute angle (<45°), while a
shorter K value causes a steeper a angle (>45 °). Prolongation of the K value indicates that
there is delayed time of formation of the clot, suggesting inadequate amounts of fibrinogen
to form fibrin when seen in the presence of adequate platelet counts. The treatment for
prolonged K value is therefore to administer fibrinogen.18 An a <45° suggests a less
vigorous association of fibrin with platelets. In this case, treatment begins much higher on
the coagulation cascade, with the replacement of both fibrinogen and factor VIII. Thus,
these patients can be treated with the administration of cryoprecipitate.13.19

Shortening of the K-value indicates a very quick formation of clot, potentially due to
hypercoagulability or inappropriate consumption of coagulation factors as described above.
A shortened K value also corresponds to a steeper a (>45°). The treatment for shortened K
and steeper a is anticoagulation therapy.2%

The next parameters provided by TEG® assay measure the platelet contribution to clot
formation.

Maximum Amplitude (MA)

This is the width of the tracing representing the overall maximum attainable clot strength.
As the clot develops and increases in tensile strength due to platelet activation and binding
to fibrin, the tracing increases it’s MA or appears to widen. Normal values are between 50—
60 mm. Hemorrhaging patients can present with either high MA indicating a strong clot, or
low MA indicating weak clot strength. High MA will occur in the setting of hyperactivity of
platelets, and MA above 75 mm indicates a prothrombotic state.2! In this case, treating with
an anticoagulant would be helpful. In contrast, a low MA occurs either due to
hypofibrinogenemia, or poor or decreased platelet functioning and quality. It is possible for
a patient to have decreased platelet function in the face of a normal platelet count, such as
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with liver disease, use of aspirin and other nonsteroidal anti-inflammatory drugs, and
uremia.22 The preferable treatment for low MA includes transfusion of platelets to improve
hemostatic conditions. Since platelets also contain significant amounts of plasma,
transfusing platelets can also aid in releasing fibrinogen, which will in turn improve R
time.23 The use of desmopressin (DDAVP) has also been suggested for mild dysfunction of
MA.24 This is because the use of DDAVP increases the release of factor VIII, acting much
higher on the coagulation cascade, leading ultimately to platelet activation.

Shear Elastic Modulus Strength, G-value or G

Clot lysis

G is a measure of clot strength or clot firmness, and is calculated based on the amplitude
value (A) until the maximum amplitude (MA) is reached. It is the single most important
value of the entire assay because it represents the overall function or effectiveness of the
clot. Normal G values are between 5.3 and 12.4 dynes/cm?. A G value >10 dynes/cm?
indicates increased risk of thrombosis.2> Treatment for high G is accomplished by the use of
platelet inhibitors such as Clopidogrel or Aspirin. Aspirin is usually not preferred because it
inhibits platelet adherence rather than platelet aggregation. A G <5 dynes/cm? places a
patient at increased risk of hemorrhage.28

As time progresses during the TEG® assay, the tracing will remain at maximal amplitude
for a period of time, after which clot lysis begins. Normally, lysis continues for a period of
up to 15 minutes. A computerized algorithm automatically estimates the percentage of lysis
occurring over time, using the information derived during the first 15 minutes of the lysis.
This is called the Estimated Percentage of Lysis or EPL. After 30 minutes, EPL becomes
EPL30 or succinctly LY30 (i.e. percentage of lysis at 30 minutes). Both the EPL and LY 30
are measurements of excessive fibrinolysis since they measure the percentage decrease in
amplitude after MA.27 An EPL between 7.5 and 15%, when accompanied by a very high G,
reflects a hyperfibrinolytic and hypercoagulable state typical of patients with early DIC.28 A
very high EPL or LY30 (>20%) may indicate the need for antifibrinolytic therapy, such as
the use of transexamic acid?® or aminocaproic acid.3°

Multiple abnormal values

As long as hemorrhaging patients demonstrate alteration in only one of the TEG®
parameters, the treatment strategies are straightforward. However, there may be clinical
situations where patients present with multiple abnormal values, although in such cases they
usually still demonstrate patterns of abnormalities. For example, factor deficiencies usually
exhibit both a prolonged R and a low G. But, a prolonged R with low to normal G may
indicate hemodilution. A normal R with low to normal G and LY 30 >20% indicates primary
fibrinolysis. A high G with R<4 minutes and an EPL between 7.5% and 20% indicates early
DIC. However, a general rule of thumb is that it is important to treat the R value first—
either by an infusion of FFP (if R is high) or an anticoagulant (if R is low), and then repeat
the test, since this initial treatment may automatically correct the other abnormal values.
Several examples of abnormal TEG® plots are displayed in Figure 4, along with background
and targeted treatment options.
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PRACTICE CONSIDERATIONS FOR NPs

When NPs treat hemorrhaging patients, indiscriminate administration of FFP, platelets, or
cryoprecipitate for coagulopathic states is not only uneconomical, but can also be extremely
dangerous, either due to inappropriate side effects or delay of the correct treatment for the
underlying problem. The qualitative analysis that thromboelastography provides can
facilitate administration of the right blood product, at the right time, thereby permitting the
application of goal-directed therapy.

In patients who have been on oral anticoagulants for a prolonged period of time and who
need emergent surgery, the use of thromboelastography can reveal the patient’s likelihood of
surgical bleeding.3! Similarly, bedside procedures such as the placement of central lines or
other drains need not necessarily be delayed due to an elevated international normalized
ratio (INR) value. Thromboelastography can accurately predict the risk of bleeding with the
procedure, preventing delay of the procedure with targeted infusion of either platelets or
plasma. If patients who come out from surgery are bleeding profusely from a surgical site,
the use of thromboelastography can easily indicate whether the issue is due to a surgical
problem or coagulopathy. A normal thromboelastography result would indicate the need to
return to the operating room for re-exploration of the site, instead of NPs ordering more
blood products. Conversely, an abnormal thromboelastography results would suggest that
treatment of coagulopathy is first necessary. Finally, NPs encounter numerous patients on
anticoagulation therapies to prevent the formation of blood clots. When these patients
hemorrhage, thromboelastography can be used detect cases of ineffective platelet inhibitors
or hypersensitivity to the anticoagulants.32 Thus thromboelastography offers both patients
and NPs numerous benefits that can safely and effectively improve more targeted and timely
patient care. The test is usually performed by trained personnel on a calibrated machine, and
in most hospitals, it is usually performed in the laboratory, similar to most other assays. NPs
are involved in interpreting the results of the test, and their competency includes familiarity
with the use, application and interpretation of the test results. Most critical care intensivists,
surgeons and anesthesia personnel are competent in this regard, and with some additional
training NPs can become competent as well.

CONCLUSION

Further research incorporating the use of thromboelastography as a mainline treatment
decision making strategy can expand the body of knowledge devoted to this subject and
possibly improve patient care. Strategies must be implemented to assist NPs in the
appropriate interpretation of the results of thromboelastography, as well as the formulation
of appropriate treatment protocols. A paradigm shift is needed to embrace the use of
valuable information that can easily be obtained from thromboelastography in diagnosis and
management of coagulopathic bleeding. Such evidence-based practices can serve to decrease
mortality rates in hemorrhaging patients, rendering a more cost-effective and safe hospital
course.
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Figure 1.
Blood Coagulation Cascade (Copyright used with permission33)
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The TEG® analyzer assesses the viscoelastic
properties of a clot. First, citrated whole blood is
inserted into the oscillating cup. The cup is rotated at
a4°45 arc, six times a minute, back and forth

imitating the sluggish blood flow in the venous ~TORSION WIRE
circulation for the entire duration of the test. A

stationary pin attached to the torsion wire is inserted

the pin, with subsequent fibrin-platelet binding -PIN

dragging on the pin. The mechanical energy of the
clot is transduced into an electrical current and is ’

analyzed by a computer, producing a split Cup '(‘?:E(#.II‘.EV;?OLE BLOOD
symmetrical reaction curve whose magnitude is
directly proportional to the strength of the clot.

into the cup and as fibrin begins to form it attaches to
L
Lo
O

Figure 2.
Thromboelastogram (TEG®) Analyzer (Copyright used with permission34)
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Coagulation T Fibrinolysis ————

thrombus (MA)
% strength

Amplitude in mm (clot strength)

Time in minutes

Key: R (minutes) = Reaction time, time from start of test to initial clot formation. K (minutes) = Kinetics of clot
i.e. time taken to achieve a certain level of clot strength (amplitude of 20 mm). Alpha angle (degrees) = measure
of the speed at which fibrin build up and cross-linking occurs, assessing clot formation. MA (mm) = measure of
the ultimate strength of the fibrin clot. LY30 (%) = percentage decrease in amplitude at 30 minutes after MA, a
measure of the degree of fibrinolysis.

Figure 3.
The thromboelastogram (TEG®) graph demonstrating the development of clot and clot

strength over time. (Copyright used with permission34)
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4.A. TEG® trace in a patient with crush injury

This is a sample TEG® plot of a 42-year old male patient admitted with a crush injury of the lower extremities after
a fall from a motor bike along with traumatic amputation of the left leg below the knee. The patient was hypotensive
during transport, requiring a resuscitative transfusion with 5 liters of normal saline. On admission to the emergency
department (ED), his vitals were P 150, R 16, O, sat 99% on i ilation, BP 88/42, p 37.2C.
His admission hemoglobin is 7.8 g/dL, hematocrit is 36.7%, platelets are 14. 1x10‘/pL (normal = 15x10*-
40x10‘/pL), PT= 15 seconds (normal = 11-13 seconds), PTT = 40 seconds (normal = 25-35 seconds). The first
TEG® upon admission to the ED above reveals a prolonged R of 42 minutes (normal = 7.5-15 minutes). This
suggests coagulopathy due to hemodilution. The crush injury could also cause release of endogenous heparin, also
resulting in prolonged R. Although transfusion of blood and platelets are needed, it is also important to transfuse
FFP because it contains all factors of the coagulation cascade and can prevent further hemodilution from occurring.

4.B. TEG® trace in a patient with di i intravascular ion (DIC)
Plot in early DIC

Plot in late DIC

— 4

This is a sample TEG® graph of a 30 year old female patient who has was admitted to the medical intensive care
unit (day 3) with a diagnosis of toxic shock syndrome. Nurses performing an assessment on the patient after shift
change, report bright red blood 0ozing from her intravenous catheter sites, as well as from her gums, and some mild
epistaxis. Vitals were P 142, R 28; O, sat 92% on mechanical ventilation, BP 100/58, T 101.8 oral. A set of blood
cultures were sent and her AM labs showed WBC 22,000, PT 18 seconds (normal = 11-13 seconds), PTT = 47
seconds (normal = 25-35 seconds), with a drop in platelet counts from 31x10'to 22x1(]'/pL (normal = 15x10*-
40x10‘/p L). She is exhibiting shortness of breath even on the ventilator and is clammy. The NP suspecting DIC
obtains a TEG® level which reveals early DIC with shortened R time (2 mins), short K time 2 mins), steeper a (60%)
and LY30 at 7.5%. The patient was given 4 units of FFP along with Vitamin K.

Although in this case the DIC was diagnosed and treated in an early phase, the TEG graph in the late stage of DIC is
characterized by a prolonged R time, prolonged K time, a more acute a (< 45°), low maximum amplitude (MA),

since it is a hypocoagulable state.

4.C. TEG® trace in a patient with coagulopathy after an abdominal aortic aneurysm

This is a sample TEG® plot of a 71-year old male patient who presented with sudden lower back pain, BP 82/38,
lower abdominal tenderness and an infrarenal abdominal aortic aneurysm measuring 68 mm for which he underwent
immediate surgical repair. He was subsequently sent to the post anesthesia care unit and within 30 minutes was
found to be hemorrhaging with platelet count at 18.2X10* /uL (normal = 15x10*-40x10*/L) and abnormal
coagulation factors (fibrinogen: 162 mg/dL (normal = 200-400 mg/dL), PT 16.3 seconds (normal = 11-13.5
seconds), aPTT 47.5 seconds (normal = 30-40 seconds). A TEG® obtained at the bedside revealed a normal R and
MA, but a prolonged K with a low angle (¢=35°). The patient was given pools of 10 units of Cryoprecipitate, which
brought his fibrinogen levels back to normal, avoiding further hemorrhage.

Figure 4.
Several examples of abnormal thormoboelastogram (TEG®) graphs, along with background

and treatment considerations. (figures adapted from 27)
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