











Table 1.
ISTH overt DIC score.

Table 2.
ISTH non-overt DIC score.

SPECIAL ISSUE - Coagulation

Does the patient have an underlying disorder
known to be associated with overt DIC? If yes:
proceed. If no: do not use this algorithm.

Platelet count (109/1):
(>100 = 05 50-100 = 1;<50 = 2)

Fibrin-related marker:
(No increase = 0; Moderate increase = 2; Strong
increase = 3)

Prolonged prothrombin time:
(<3s=0;3-6s=1;>6s=2)
Fibrinogen:
(>1.0g/1=0;<1.0g/1: 1)

If the sum is 25, the patient status is compatible
with overt DIC.

Table 3.

Overview of studies evaluating the ISTH overt DIC score.

Does the patient have an underlying disorder
known to be associated with DIC?
(Yes =2; No =0)

Major criteria:

Platelet count (109/1):

(>100 = 0; 50-100 = 1;<50 = 2) +
(rising = -1; stable = 0; falling = 1)
Fibrin-related marker:

(normal = 0; raised = 1) +

(falling = -1; stable = 0; rising = 1)
Prolonged prothrombin time:
(<3s=0;>3s=1)+

(falling = -1; stable = 0; rising = 1)
Specific criteria

Antithrombin:
(normal = 0; low = 1)

Protein C:
(normal = 0; low = 1)

TAT-complexes:
(normal = 0; low = 1)

Calculate the sum.

n.d.: not described. PT: Prothrombin time. ULN: Upper level of normal.
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Introduction

Recently there has been a renewed interest in “global
coagulation testing” with methods and instruments
enabling bed-side measurements of coagulation and
coagulum properties in whole blood. The obvious
reason for this is the wish from the physicians to get
rapid and continuous information on the overall coag-
ulation status of the patient, information that hope-
fully might be used as a guide for treatment and care.
The fact that these instruments are not only recording
the time to clot formation, but also the properties
of the forming coagulum, is often used as an argu-
ment for these techniques. The use of whole blood,
often native blood without anticoagulants added, has
been claimed to give a better picture of the situation

in vivo, since all blood components are allowed to
interact during the test. However, the exclusion of
the endothelial component and the low shear rates
in most of these devices makes the assumption of an
in vivo-like situation somewhat limited. The aim of
this section is to give a brief overview of the measur-
ing principles, current applications and limitations
of the instruments found on the market. Besides the
instruments described in this section, there are also
some point-of-care instruments that are only assess-
ing platelet function and not coagulation, such as
the PFA-100° (Dade-Behring, Marburgh, Germany),
the VerifyNow® (formerly known as the Ultegra
Rapid Platelet Function Analyser, RPFA), the Ichor-
Plateletworks®, and the Impact® cone and plate(let)
analyzer. All these have been recently reviewed (1, 2)
and will not be further discussed here.

Thromboelastography (TEG/ROTEM?®)

The thromboelastograph (TEG) was first described
by Hartert in 1948 (3). In 1996, the term TEG
became a registered trademark for the instrument
sold by Haemoscope Corp., which is using the origi-
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nal technology. An alternative instrumentation, sold
by Pentapharm GmbH, uses the term (rotational)
thromboelastometry for the process and ROTEM® for
the instrumentation. The measuring unit consists of
a cylindrical cup, made of disposable plastic and pre-
heated to 37°C. A pin is suspended into the cup, and
the pin is connected to a detector. The cup and the
pin will oscillate relative each other through an angle
of approximately 5°. The major difference between
the instruments lies in the oscillation. In the TEG®
instrument the cup oscillates and in the ROTEM®
instrument the pin oscillates. The cup is filled with
approximately 300 uL of blood, native or recalcified,
and the pin is dipped into the blood. As fibrin strands
forms in the coagulating sample, they will connect
the pin with the oscillating cup (see Figure 1). In
the TEG®, the motion of the pin will be transferred
through the torsion wire to the transducer and ampli-
fier, and a tracing will be recorded. In the ROTEM®
instrument the impedance of the rotation of the pin
is what is being detected. The ROTEM® instrument
was constructed to be less sensitive towards move-
ment or vibrations than the original TEG®. However,
the TEG® manufacturer (Haemoscope Corp.) now
claims that these problems are solved by vibration
damping in the software. Another drawback with the
TEG?" is that each instrument only has two channels,
making it impossible to analyse duplicate samples if
several different activators are to be tested, whereas
the ROTEM® instrument has four channels. The
ROTEM? instrument also has an electronic pipette
connected to the instrument to simplify the pipetting
of the different reagents provided, and has developed
software with exact step-by-step instructions and
automated pipetting to make the instrument easy to
use.

From the tracing obtained (Figure 2), different param-
eters of clot formation and lysis are measured:

The reaction time, r (TEG®) or CT (ROTEM®), is the
time from the start of a sample run until the first signs
of clot formation (initial fibrin formation, ampli-
tude=2 mm in the tracing). The k (TEG®) or CFT
(ROTEM®) value is defined as the time between an
amplitude of 2 and 20 mm in the tracing. This value is
a measure of the rapidity of fibrin build-up and fibrin
crosslinking. It is shortened by increased fibrinogen
level, and to a lesser extent by platelet function, and

is prolonged by anticoagulants. The maximum ampli-
tude, MA (TEG®) or MCF (ROTEM) is a reflection
of the absolute strength of the fibrin clot and depends
mainly on platelet number and function but also
to some extent on fibrinogen levels. The a value is
measured as the slope of the curve between r and k
(TEG®) or as the angle of tangent at 2 mm amplitude
(ROTEM®). It denotes the speed at which the clot
is being formed and crosslinked. It is increased by
increasing fibrinogen levels and to a lesser extent by
platelet function, and is decreased by anticoagulants
that affect both. CL30 (TEG®) or LY30 (ROTEM®)
is the amplitude reduction 30 min after MA. This
represents clot lysis. There are also other parameters
recorded, such as the time to maximum clot strength
(TMA/MCEF-t) and clot lysis time (TTL/CLT).

The TEG® software also combines several other
parameters to calculate a “Coagulation Index’, CI,
which is claimed to provide a haemostasis profile
of the patient. The ROTEM® software also has other
parameters available for research purposes, as the
analysis of the speed of coagulation using the first
derivative of the curve, which has been proposed and
used by Serensen et al (4).

The original way of performing a TEG analysis was
to use native blood, but citrated blood that is recalci-
fied before analysis may also be used. Several reports
does however state that the results are not compara-
ble (5-7), a fact that might be explained by intrinsic
coagulation activation occurring in some brands
of blood collection tubes (8). The sample might be
modified by the addition of kaolin in order to shorten
the clotting time or the addition of tissue factor in the
presence of the platelet fibrinogen receptor antagonist
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Figure 2: A schematic TEGROTEM curve showing some
of the parameters recorded
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ReoPro® in order to investigate the response caused
by the fibrinogen network alone in the absence of
functional platelet interactions. The use of cups
and pins with heparinase enables measurements of
heparin effects.

The PlateletMapping™ assay was recently intro-
duced as a way of monitoring anti-platelet therapy by
TEG® (9). A native blood sample activated by kaolin is
compared with heparinised samples where the fibrin
network is formed by adding reptilase and fXIIIa and
the platelets are activated by ADP (2 uM) or arachi-
donic acid (AA, 1 mM). The use of such high doses of
AA has been reported to cause platelet lysis in other
studies (10), in our opinion, a critical evaluation of
this approach would be of great value.

For the ROTEM?® instrument, different commer-
cial reagents are available, with tissue factor (alone
(EXTEM), with aprotinin to detect hyperfibrinolysis
(APTEM) or with GPIIb/IIIa antagonists to evaluate
the fibrin network contribution to the clot strength
(FIBTEM)), contact activator (alone (INTEM) or
with heparinase for the use during heparin treat-
ment (HEPTEM)), ecarin to monitor the use of
direct thrombin inhibitors (ECATEM) or just with
recalcified samples (NATEM). Correlations between
EXTEM and PT, INTEM and APTT and FIBTEM
and fibrinogen levels in trauma patients have been
recently described (11).

TEG has been used to monitor blood component
therapy during surgery for a long time (reviewed by
(12)) and the first description was for the use in liver
transplantation (13). Later studies describe the use of
TEG in cardiac surgery (14, 15) and trauma manage-
ment (16). It also has a role for monitoring the treat-
ment by fibrinolytic drugs (17-20). The clinical use of
an algorithm-based replacement therapy has however
been questioned, both for in hepatic (21) and cardiac
surgery (22).

In the laboratory the use of TEG*/ROTEM® has been
limited, presumably due to old reports showing a
poor correlation to standard laboratory parameters
(23). The need for the use of citrated samples, that
might not behave as the native ones (5-7) makes it
important to establish a normal reference range with
samples treated in the same way as for the patient
samples to be analysed, instead of using the manu-
facturer’s ranges. A low dose of tissue factor has been
used for the monitoring of treatment by recombinant

factor VIIa and prothrombin complex (24, 25). There
have also been reports on its use for hypercoagulabil-
ity screening (26, 27). In a current review, however,
it was stated that no evidence exists for the utility
of TEG®/ROTEM® as a screening tool for bleeding
disorders (28). The current diversification in different
instruments, activators and modifications also makes
standardization between centres a distant issue.

Free oscillation rheometry (FOR)

The first study describing free oscillation rheometry
(FOR) with the instrument ReoRox was published
in 1999 (29). The instruments on the market today
have one or two channels. Most of the studies pub-
lished have however been using the ReoRox"4 instru-
ment with four channels (Medirox AB, Nykoping,
Sweden). The instrument uses a cylindrical sample
cup which is set into free oscillation along its longi-
tudinal axis by a forced turn of the sample cup holder
every 2.5 seconds. The frequency and damping of
the oscillation is recorded as a function of time. A
baseline frequency in the range of 10 Hz gives a
shear rate of approximately 60 s-1. All measurements
are performed at 37°C. The change in elasticity (G)
over time in the coagulum is measured using a reac-
tion chamber, which consists of a sample cup with a
6 mm cylinder (bob) attached to a shaft in the centre

Eposa ble syringes

Figure 3. The measurement principle of
FOR using the ReoRox™ instrument
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of the cup (Figure 3). The sample cup and the bob
are made of disposable plastic. However, for elastic-
ity measurements in whole blood or platelet rich
plasma, gold-coated parts are used in order to avoid
detachment of the clot due to clot retraction (30).
The instrument’s accuracy in the detection of long
clotting times has been validated (31), and also how
the measurements are affected by changes in different
blood components (32). Until now, the instrument
has mainly been used for studies of the platelet con-
tribution to whole blood coagulation (30, 33-35). The
clinical studies published so far have been of limited
size (36-38) and have not been using the reagents
commercially available, which consists of thrombo-
plastin alone or together with a fibrinolysis activator
or a platelet PAR1 activator.

Sonoclot®

The Sonoclot® analyzer has a tubular probe that
oscillates up and down in the whole blood sample
(Figure 4). The resistance to movement is measured
and recorded during the coagulation process. A curve
plotting the "clot signal” against time is produced.
Both the curve form and some defined features of
the curve are used for interpretation. Contact activa-
tors such as glass beads, celite or kaolin are used as
coagulation activators. The primary use for Sonoclot®
seems to be in the monitoring of coagulation status
in patient treated with heparin during surgery (39).
Since the introduction in the 70’s (40), the use of
Sonoclot® has been limited.

The Clot Signature Analyzer™

The Clot Signature Analyzer™ (CSA™; Xylum
Corporation, Scarsdale, NY, USA)) is a global hae-
mostasis screening instrument intended for use with
native whole blood (41). The blood is passed through
a thin plastic tube under pressure. Two holes are
then punched in the tube, causing a fall in pressure.
The platelet and fibrin clot will plug the holes and
the time for this process to be completed is called
the “platelet hemostasis time” (PHT). The coagula-
tion then spreads though the lumen of the tube. The
time this occurs is called the clot time (CT). A sub-
sample of the blood is also passed through a second
tube coated by collagen fibrils. The time to reach
a 50 % reduction in pressure in this tube is called
collagen-induced thrombus formation time (CITF).
In a multi-center study involving 108 patients and
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Figure 4: The measurement principle for
Sonoclot™

116 normal individuals, the instrument gave at least
one abnormal value in 92% of patients with coagula-
tion factor deficiencies, 91% of patients with VWD
and 63% of patients with platelet function defects,
while the test results were all normal in 89% of the
control individuals (42). However, despite the quite
good overall sensitivity, the test could not help in
distinguishing between platelet and coagulation fac-
tor defects. The need for native blood in combination
with the instrument’s size was also limiting its poten-
tial as a bed-side instrument, since it was not easily
moved to the patient.

The Gorog Thrombosis Test

The Gorog Thrombosis Test (GTT) (43) or thrombot-
ic status analyser (TSA) (44) (Montrose Diagnostics,
London, UK) is a small, portable, four channel
instrument where native blood is placed in a vertical
conical tube with a hole in the bottom. The tube also
contains two steel balls, one large and one smaller
further down. Platelets are activated by shear stress
(175 dyne/cm2) when they are passing the first large
ball, and will then aggregate and initiate coagulation
in the area of turbulent flow between the balls. The
clot will occlude the passage between the wall and
the second ball and stop the blood flow completely. A
light sensor records the time between blood droplets
leaving the end of the tube to determine the time
for occlusion. Another parameter measured is the
time when the blood flow continues again, which
the manufacturer claims is due to thrombolysis,
as it was inhibited by the presence of aprotinin or
a2-antiplasmin (44). So far the instrument has been
mainly used for experimental studies on spontaneous
thrombolytic activity.
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The Hemostasis Analysis system

The Hemostasis Analysis System (HAS; Hemodyne,
Inc., Bethesda, MD, USA) is measuring the force
developed by platelets as they undergo cellular con-
traction (“platelet contractile force”, PCF™), and speed
of clot formation in whole blood between a cup and
parallel upper plate at 37°C. Force measurement is
accomplished utilizing a force displacement trans-
ducer coupled to the upper plate, and is expressed in
kilodynes (45). The time between assay start and PCF
onset is termed the thrombin generation time (TGT™)
and is used as a surrogate marker for thrombin gen-
eration (46). The instrument uses 700 pL of citrated
blood for each analysis. Applications proposed are for
example monitoring of treatments with enoxaparin
(47) and recombinant factor VIIa (48).

HemoSTATUS™

The HemoSTATUS™ test or “platelet-activated clotting
time” (Medtronic Blood Management, Parker, CO,
USA) measures acceleration of kaolin-activated clot-
ting time (ACT) by different concentrations of platelet
activating factor (PAF). For a complete test, two four-
channel instruments are needed. The test has mainly
been used for the evaluation of patients during cardiac
surgery (49, 50), even though its usefulness for predict-
ing blood loss has been questioned (51, 52).

Concluding remarks
In conclusion, the market and alternatives for
point-of-care testing of global haemostasis is rap-
idly expanding. However, the number of publications
reporting on the use of many of the instruments
is still limited, except for TEG and ROTEM with
around 3000 publications together. Among the oth-
ers, Sonoclot has 76 publications and all the rest has
less than 35 publications.

In view of the complexity and increased knowledge
in the field of haemostasis, these methods offers a
logical and also potentially very important comple-
ment to the more traditional, simplified methods.
However, almost all of the companies marketing
these types of tests and instruments claim to be the
only ones in the world “giving the whole picture”. This
interesting paradox and denial of the other competi-
tors might be one explanation to the small number of
comparative studies found in the field. Most instru-
ments also use arbitrary units and special reagents
which further complicates the picture.

Another problem is to produce good control mate-
rials, since the elasticity obtained in plasma control
samples are much lower than the ones that will be
encountered in highly elastic samples such as blood
and platelet rich plasma. Many of the tests also pro-
pose the use of single samples, something that in our
opinion should be avoided. Our view is that a reliable
use of single samples must be verified for the actual
protocol and instrument, and also that the normal
reference range to be used should be established on
site with samples collected, stored and treated in the
same way as the patient samples to be analysed.

An objective and critical evaluation and systematic
analysis on the performance of the different instru-
ments is certainly needed to be able to advice a
potential user in the choice of an instrument to study
global haemostasis.
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