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Guidelines for the diagnosis and management of disseminated

intravascular coagulation

Summary

The diagnosis of disseminated intravascular coagulation (DIC)
should encompass both clinical and laboratory information.
The International Society for Thrombosis and Haemostasis
(ISTH) DIC scoring system provides objective measurement of
DIC. Where DIC is present the scoring system correlates with
key clinical observations and outcomes. It is important to
repeat the tests to monitor the dynamically changing scenario
based on laboratory results and clinical observations. The
cornerstone of the treatment of DIC is treatment of the
underlying condition. Transfusion of platelets or plasma
(components) in patients with DIC should not primarily be
based on laboratory results and should in general be reserved
for patients who present with bleeding. In patients with DIC
and bleeding or at high risk of bleeding (e.g. postoperative
patients or patients due to undergo an invasive procedure) and
a platelet count of <50 x 10/ transfusion of platelets should
be considered. In non-bleeding patients with DIC, prophylac-
tic platelet transfusion is not given unless it is perceived that
there is a high risk of bleeding. In bleeding patients with DIC
and prolonged prothrombin time (PT) and activated partial
thromboplastin time (aPTT), administration of fresh frozen
plasma (FFP) may be useful. It should not be instituted based
on laboratory tests alone but should be considered in those
with active bleeding and in those requiring an invasive
procedure. There is no evidence that infusion of plasma
stimulates the ongoing activation of coagulation. If transfusion
of FFP is not possible in patients with bleeding because of fluid
overload, consider using factor concentrates such as pro-
thrombin complex concentrate, recognising that these will only
partially correct the defect because they contain only selected
factors, whereas in DIC there is a global deficiency of
coagulation factors. Severe hypofibrinogenaemia (<1 g/1) that
persists despite FFP replacement may be treated with fibrin-
ogen concentrate or cryoprecipitate. In cases of DIC where
thrombosis predominates, such as arterial or venous throm-
boembolism, severe purpura fulminans associated with acral
ischemia or vascular skin infarction, therapeutic doses of
heparin should be considered. In these patients where there is
perceived to be a co-existing high risk of bleeding there may be
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benefits in using continuous infusion unfractionated heparin
(UFH) due to its short half-life and reversibility. Weight
adjusted doses (e.g. 10 p/kg/h) may be used without the
intention of prolonging the APTT ratio to 1-5-2'5 times the
control. Monitoring the APTT in these cases may be compli-
cated and clinical observation for signs of bleeding is
important. In critically ill, non-bleeding patients with DIC,
prophylaxis for venous thromboembolism with prophylactic
doses of heparin or low molecular weight heparin is recom-
mended. Consider treating patients with severe sepsis and DIC
with recombinant human activated protein C (continuous
infusion, 24 ng/kg/h for 4 d). Patients at high risk of bleeding
should not be given recombinant human activated protein C.
Current manufacturers guidance advises against using this
product in patients with platelet counts of <30 x 10%/1. In the
event of invasive procedures, administration of recombinant
human activated protein C should be discontinued shortly
before the intervention (elimination half-life ~20 min) and
may be resumed a few hours later, dependent on the clinical
situation. In the absence of further prospective evidence from
randomised controlled trials confirming a beneficial effect of
antithrombin concentrate on clinically relevant endpoints in
patients with DIC and not receiving heparin, administration of
antithrombin cannot be recommended. In general, patients
with DIC should not be treated with antifibrinolytic agents.
Patients with DIC that is characterised by a primary hyper-
fibrinolytic state and who present with severe bleeding could
be treated with lysine analogues, such as tranexamic acid (e.g.
1 g every 8 h).

Keywords: blood coagulation, coagulation factors, dissemi-
nated intravascular coagulation, anticoagulation, thrombosis.

This guideline was written in response to requests for guidance
on diagnosis and management of disseminated intravascular
coagulation (DIC) from practising UK haematologists. The
writing group was made up of a member of the British
Committee for Standards in Haematology (BCSH) taskforce in
haemostasis and thrombosis and two recognised experts in the
field from the UK and Europe. Medline was systematically
searched for English language publications up to June 2007
using the key terms: disseminated intravascular coagulation,
coagulopathy, consumptive coagulopathy, natural anticoagu-
lants, platelets, blood products, transfusion. Relevant refer-
ences generated from initial papers and published guidelines/
reviews were also examined. Meeting abstracts were not
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included. A draft guideline was produced by the writing group,
revised and agreed by consensus. Further comment was made
by the members of the haemostasis and thrombosis task force
of the BCSH. The guideline was reviewed by a sounding board
of approximately 40 UK haematologists, the BCSH and the
Committee of the British Society for Haematology and
comments were incorporated where appropriate. Criteria used
to quote levels and grades of evidence are as outlined in
Appendix 7 of the Procedure for Guidelines commissioned
by the BCSH (http://www.bcshguidelines.com/processl.asp#
appendix7) (see Appendix 1).

The guidance may not be appropriate for all patients and
individual patient circumstances may dictate an alternative
approach.

Disseminated intravascular coagulation

Disseminated intravascular coagulation (DIC) is a clinicopath-
ological syndrome which complicates a range of illnesses. It is
characterised by systemic activation of pathways leading to and
regulating coagulation, which can result in the generation of
fibrin clots that may cause organ failure with concomitant
consumption of platelets and coagulation factors that may
result in clinical bleeding (Fig 1). The spectrum of DIC and its
management are the subject of recent reviews (Levi, 2004,
2005). The purpose of this guideline is to briefly outline the
pathogenesis and associations of DIC and to review and grade
the evidence that is available with regard to the diagnosis and
treatment of the syndrome.

Associations and pathogenesis

DIC never occurs in isolation and recognition that a patient
has a clinical disorder which may result in the development of
DIC is the key to appropriate investigation and management.
DIC may arise in patients with a wide spectrum of disorders
including sepsis, malignancy, trauma, liver disease and vascular
anomalies. It is also seen when pregnancy is complicated by
placental abruption or amniotic fluid embolism and may

Underlying disorder associated with DIC
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Table I. Conditions associated with DIC.

Sepsis and severe infection
Trauma
Organ destruction e.g pancreatitis
Malignancy
Solid tumours
Leukaemia
Obstetric
Amniotic fluid embolism
Placental abruption
Pre-eclampsia
Vascular abnormalities
Large haemangiomata
Vascular aneurysm
Severe liver failure
Toxic and immunological insults
Snake bites
Recreational drugs
ABO transfusion incompatibility
Transplant rejection

complicate poisoning, envenomation and major transfusion
reactions (Table I). All of these conditions share the ability to
induce systemic activation of coagulation either by activating
cytokines as part of a systemic inflammatory response or by
causing the release of, or exposure to, procoagulant substances.

The pathogenesis of DIC is complex and centres on the
enhanced generation of thrombin in vivo. The contributing
components include increased tissue factor expression, sub-
optimal function of natural anticoagulant systems, dysregula-
tion of fibrinolysis and increased anionic phospholipid
availability.

Diagnosis of DIC

There is no single laboratory test that can establish or rule out
the diagnosis of DIC. Thus, it is of utmost importance to assess
the whole clinical picture, taking into account the clinical
condition of the patient, the diagnosis, and all available
laboratory results. As such, a diagnosis of DIC should be made
based on an appropriate clinical suspicion supported by
relevant laboratory tests. Also, DIC is an extremely dynamic
situation and the tests are a snapshot of this dynamic state. In
addition, the underlying clinical condition can have an
influence on the laboratory tests. However, a combination of
tests when repeated in a patient with a clinical condition
known to be associated with DIC can be used to diagnose the
disorder with reasonable certainty in most cases (Bick, 1996;
Levi et al, 1999; Toh & Dennis, 2003). This concept has been
taken into consideration by the International Society of
Thrombosis and Haemostasis (ISTH) (Taylor et al, 2001).
Laboratory studies used in the diagnosis and evaluation of
patients with DIC need to reflect the changes in haemostatic
function and keep pace with the critical nature of the
condition. Screening assays for haemostatic function, such as
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the prothrombin time (PT), activated partial thromboplastin
time (aPTT) or platelet count, provide important evidence of
the degree of coagulation factor consumption and activation.
In addition, the extent of fibrin formation can be indirectly
gauged through measurements of its lysis, through assays such
as those that measure fibrin D-dimers. Also reviewed here are
other methods, available in some specialist laboratories, which
can measure specific parameters. The extent to which these add
to already available information from the above tests will be
discussed. An analysis of five reports of patient groups with
DIC, with a total of over 900 patients described suggests that
the laboratory abnormalities reported, in decreasing order of
frequency, are thrombocytopenia, elevated fibrin degradation
products, prolonged PT, prolonged aPTT, and a low fibrin-
ogen (Al-Mondhiry, 1975; Siegal et al, 1978; Mant & King,
1979; Spero et al, 1980; Wilde et al, 1989).

Platelet count

A reduction in the platelet count or a clear downward trend at
subsequent measurements is a sensitive (though not specific)
sign of DIC. Thrombocytopenia is a feature in up to 98% of
DIC cases with the platelet count <50 x 10°/1 in approximately
50% (Spero et al, 1980). A low platelet count correlates
strongly with markers of thrombin generation, because
thrombin-induced platelet aggregation is mainly responsible
for platelet consumption (Neame et al, 1980; Akca et al, 2002).
A single determination of the platelet count is not very helpful
as the original platelet count may remain in the ‘normal’ range
of 150400 x 10%/1. At the same time, a continuous drop even
within a normal range may indicate the active generation of
thrombin. In the same manner, a stable platelet count suggests
that thrombin formation has stopped. It is also important to
bear in mind that a low or decreasing platelet count is not very
specific for DIC as many of the underlying conditions that are
associated with DIC, such as acute leukaemia or sepsis, also
may cause a low platelet count in the absence of DIC (Akca
et al, 2002).

Fibrin degradation products and D-dimers

In addition to enhanced thrombin formation, fibrinolytic
activity, which may be measured as fibrin degradation
products (FDP) by specific enzyme-linked immunosorbent
assay (ELISA) or by latex agglutination assays, is also increased
in DIC. However, assays of FDPs do not discriminate between
degradation products of cross-linked fibrin and fibrinogen
degradation, which limits their specificity (Prisco et al, 1989;
Boisclair et al, 1990). New assays aimed at the detection of
neo-antigens on degraded cross linked fibrin have been
developed; one such test detects an epitope related to
plasmin-degraded cross-linked fibrin, resulting in fragment
D-dimer (Shorr et al, 1999). However, it is important to
remember that many conditions other than DIC, such as
trauma, recent surgery or venous thromboembolism, are

associated with elevated FDPs including D-dimer. Also,
because FDPs are metabolised by the liver and secreted by
the kidneys, liver and kidney impairment can influence levels
(Nakamura et al, 1992). Thus, FDPs including D-dimers
should not be considered as stand-alone tests in DIC but as
a useful indicator of the DIC process when there is an elevation
in D-dimer levels with concomitant falls in the platelet count
and changes in coagulation times. Tests for FDP or D-dimers
may also be helpful to differentiate DIC from other conditions
that are associated with a low platelet count or prolonged
clotting times, such as chronic liver disease (Carr et al, 1989;
Bick & Baker, 1992).

Studies have been performed to try to establish the cut-off
levels for D-dimer measurements that define a ‘moderate’ or
‘strong’ increase because this is required in order to use the
scoring system (see Section Scoring system). One approach has
been to determine the interquartile range (Dempfle et al,
2004a), while other investigators classified the rise as moderate
or strong based on a cut-off point in a Dutch intensive care
cohort (Bakhtiari et al, 2004). As issues remain regarding the
accuracy of high D-dimer estimations with current assay
systems and work is ongoing for standardising reagents for this
purpose, precise definitions of D-dimer cut-off levels are not
meaningful at the current time. As a result, D-dimer assay
results need to be interpreted based on the clinician’s
experience and consideration of the clinical circumstances
and other available laboratory investigations.

Soluble fibrin monomer (SF) measurements offer theoretical
advantages in DIC in reflecting thrombin action on fibrinogen.
As SF is only generated intravascularly, it should therefore not
be influenced by extravascular fibrin formation as caused by
local inflammation or trauma. Most clinical studies have
shown a sensitivity of 90-100% for the diagnosis of DIC but a
very low specificity (Horan & Francis, 2001). However, its
incorporation into the ISTH DIC scoring system instead of
D-dimer as the fibrin-related marker can improve the spec-
ificity of diagnosing DIC (Dempfle et al, 2004a). Nonetheless,
a major problem remains that of reliable quantitation, with
wide discordance reported amongst various assay systems
(McCarron et al, 1999; Dempfle et al, 2001).

PT and aPTT

The PT or aPTT is prolonged in about 50-60% of cases of
DIC at some point during the course of illness (Bick, 1996).
This is mainly attributed to the consumption of coagulation
factors but impaired synthesis, due to abnormal liver
function, vitamin K deficiency or loss of the coagulation
proteins, due to massive bleeding, may also play a role (Bick,
1996; Asakura et al, 2001). In nearly half of patients who
have DIC, the PT and aPTT are normal or even shortened.
The reasons for normal or shorter times are the presence of
circulating activated clotting factors, such as thrombin or Xa,
which can accelerate the formation of thrombin (Asakura
et al, 2001). Thus, normal clotting times for either the PT or
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aPTT do not exclude activation of the haemostatic system
(Olson et al, 1989) and repeat monitoring is required. It
should also be emphasised that the PT, not the International
Normalized Ratio (INR), that is to be monitored; the latter
being validated only for oral anticoagulant monitoring. The
thrombin time (TT) may be performed in ill patients with
suspected DIC. It does not have a place in the agreed scoring
system but may be used along with a reptilase time to
exclude heparin contamination of samples in patients with
prolonged APTT.

Fibrinogen

Measurement of fibrinogen has been widely advocated as a
useful tool for the diagnosis of DIC but in fact is not very
helpful in most cases (Levi & Ten, 1999). Fibrinogen acts as an
acute-phase reactant and despite ongoing consumption, plasma
levels can remain well within the normal range for a long period
of time. In a consecutive series of patients, the sensitivity of a
low fibrinogen level for the diagnosis of DIC was only 28% and
hypofibrinogenemia was detected in very severe cases of DIC
only (Levi et al, 1999). Fibrinogen levels can be normal in as
many as 57% of patients (Spero et al, 1980). Sequential
measurements of fibrinogen might be more useful and provide
diagnostic clues. The BCSH guidelines on fibrinogen assays
suggest the use of the Clauss method in clinical situations where
DIC is suspected although it should be borne in mind that the
measured fibrinogen level may be influenced by interference on
the assay from high FDP levels (Mackie et al, 2003).

Blood film

Fragmented red blood cells, although reported in patients with
DIC, rarely constitute >10% of the red cells. However, in some
cases of chronic DIC with elevated D-dimers but normal
coagulation screening assay results, the presence of fragmented
red cells can provide confirmatory evidence (Spero et al, 1980).
The finding of fragments is neither sensitive nor specific to
DIC. When they are seen in increased numbers, other potential
diagnoses, such as thrombotic thrombocytopenic purpura
(TTP) and other causes of thrombotic microangiopathy,
should be considered.

Global haemostatic profiles

New point-of-care testing methods have been described based
on thromboelastography (TEG) techniques that have linked
diagnostic changes to haemostatic dysfunction (Zuckerman
et al, 1981). Though these tests have been reported to be
abnormal in septic patients, their diagnostic sensitivity/spec-
ificity for DIC is unclear (Collins et al, 2006). The prevailing
evidence for TEG use relates more to predicting blood loss in
cardiovascular surgery (Mongan & Hosking, 1992).

More recently, an atypical light transmittance profile on the
aPTT has been associated with DIC (Downey et al, 1997; Toh

Guideline

et al, 2000). Referred to as the biphasic waveform, this
abnormality occurs independently of prolongation in the
clotting times and, through prospective studies, has been
shown to be a simple, rapid and robust indicator of DIC
(Downey et al, 1998; Bakhtiari et al, 2004; Dempfle et al,
2004b; Matsumoto et al, 2006). In a 1187-patient study on all
consecutive admissions into the intensive therapy unit, there
was an increasing positive predictive value for DIC with
increasing waveform abnormality and the latter often precede
any abnormality in the more conventional parameters used for
diagnosing DIC (Downey et al, 1998). However, its perfor-
mance is limited to specific photo-optical analysers that display
clot formation over time.

Other markers of haemostasis

The natural anticoagulants antithrombin and protein C are
often reduced in DIC and these have been shown to have
prognostic significance (Conway & Rosenberg, 1988; Fourrier
et al, 1992; Mesters et al, 1996; Faust et al, 2001). The
availability of chromogenic assays rather than a reliance on
ELISA techniques has meant that results can be made available
more rapidly. Nonetheless, their general availability is still
limited and single determinations are neither sensitive nor
sufficiently specific for DIC.

In very rare cases purpura fulminans develops secondary to
profound acquired deficiency of protein S. This is most
commonly described following varicella infection. Although
management strategies for this specific indication are not clear
the association is notable.

Scoring system

The ISTH Sub-Committee of the Scientific and Standardiza-
tion Committee (SSC) on DIC has recommended the use of a
scoring system for overt DIC (Taylor et al, 2001; Toh & Hoots,
2007). Based on the Japanese Ministry of Health and Welfare
score, which has demonstrated a close correlation between an
increasing score and increasing mortality (Wada et al, 1995),
the ISTH criteria proposes a 5-step diagnostic algorithm to
calculate a DIC score, utilising simple laboratory tests that are
available in almost all hospital laboratories (Table II). The
presence of an underlying disorder known to be associated
with DIC is a prerequisite for the use of the algorithm. For
overt DIC, a cumulative score of five or more from prolonged
PT, reduced platelets and fibrinogen, and elevated fibrin-
related markers (e.g. D-dimer or FDP) was proposed. The
scoring system pertains to conditions that are associated with
both acute onset DIC, e.g. sepsis, and chronic DIC, e.g.
vascular malformations and aneurysms.

The ISTH overt DIC score has been shown to be sensitive to
DIC of infective and non-infective aetiologies (Gando et al,
2005; Matsumoto et al, 2006). Compared to blinded ‘expert’
assessments for DIC, Bakhtiari et al (2004) found the sensitivity
of the ISTH overt DIC score to be 91% with a specificity of

© 2009 Blackwell Publishing Ltd, British Journal of Haematology, 145, 24-33 27



Guideline

Table II. ISTH Diagnostic Scoring System for DIC.

Scoring system for overt DIC
Risk assessment: Does the patient have an underlying disorder
known to be associated with overt DIC?

If yes: proceed

If no: do not use this algorithm

Order global coagulation tests (PT, platelet count, fibrinogen,
fibrin related marker)
Score the test results

e Platelet count (>100 X 10’/1 = 0, <100 X 10’/1 = 1,
<50 x 10°/1 = 2)

e Elevated fibrin marker (e.g. D-dimer, fibrin degradation
products) (no increase = 0, moderate increase = 2, strong
increase = 3)

e Prolonged PT (<3 s=0,>3 but <6s=1,>6s = 2)

e Fibrinogen level (>1 g/l =0, <1 g/l = 1)

Calculate score:
>5 compatible with overt DIC: repeat score daily
<5 suggestive for non-overt DIC: repeat next 1-2 d

97%. A strong correlation between an increasing DIC score and
mortality has been demonstrated by several studies, For each
DIC point, increases in the odds of mortality of 1-25-1-29 have
been demonstrated (Bakhtiari et al, 2004). Several other studies
have similarly confirmed that the presence of overt DIC by the
ISTH algorithm is independently predictive of mortality
(Gando et al, 2005; Sivula et al, 2005; Cauchie et al, 2006).
These studies show that patients with sepsis and DIC, according
to the scoring system, have a significantly higher mortality of
43%, as compared with 27% in patients without DIC. Indeed,
scoring for DIC has added prognostic value in better predicting
mortality than the use of the acute physiology and chronic
health evaluation (APACHE) II scores alone (Angstwurm et al,
2006). For each ‘DIC point’ in the system, the odds ratio (OR)
for mortality was 129, whereas in comparison, for each
APACHE point the OR for mortality was 1-07.

Recommendations

The diagnosis of DIC should encompass both clinical and
laboratory information (Grade C, Level 1V).

The ISTH DIC scoring system provides objective mea-
surement of DIC. Where DIC is present, the scoring system
correlates with key clinical observations and outcomes
(Grade C, Level IV).

It is important to repeat the tests to monitor the
dynamically changing scenario based on laboratory results
and clinical observations (Grade B, Level III).

Treatment of DIC

General

Key to the treatment of DIC is the specific and vigorous
treatment of the underlying disorder. In many cases the DIC

will spontaneously resolve when the underlying disorder is
properly managed. Examples are the administration of anti-
biotics and/or surgical drainage in patients with DIC due to
severe infection and sepsis. However, in some cases additional
supportive treatment, specifically aimed at the coagulation
abnormalities, may be required.

Recommendation

The cornerstone of the treatment of DIC is treatment of the
underlying condition (Grade C, Level IV).

Plasma and platelets

Low levels of platelets and coagulation factors may increase
the risk of bleeding. However, blood component therapy
should not be instituted on the basis of laboratory results
alone, but is indicated in patients with active bleeding, in
those requiring an invasive procedure and those who are
otherwise at risk for bleeding complications. The threshold for
transfusing platelets depends on the clinical state of the
patient. In general, platelet transfusion is administered to
patients who bleed and who have a platelet count of
<50 x 10”/1. In non-bleeding patients, a much lower threshold
of 10-20 x 10°/1 is adopted based on randomised controlled
trials in patients with thrombocytopenia following chemo-
therapy, although in patients perceived to be at high risk of
bleeding based on other clinical and laboratory features,
platelets may be administered at higher levels than this (Levi &
Opal, 2006). The suggested initial dose of platelets is one adult
UK dose (>240 x 10°).

It may be necessary to use large volumes of plasma to correct
the coagulation defect. Initial doses of 15 ml/kg of fresh frozen
plasma (FFP) are suggested although there is evidence that a
dose of 30 ml/kg produces more complete correction of
coagulation factor levels. Coagulation factor concentrates, such
as prothrombin complex concentrate, come in small volumes,
but lack essential factors, such as factor V. Moreover, in older
literature caution is advocated with the use of prothrombin
complex concentrates in DIC, since it may worsen the
coagulopathy due to traces of activated factors in the
concentrate. It is, however, not clear whether this is still
relevant for the concentrates that are currently in use. Specific
deficiencies in fibrinogen can be corrected by administration of
purified fibrinogen concentrates or cryoprecipitate. A dose of
3 g would be expected to raise plasma fibrinogen by around
1 g/l. This can be given as approximately four units of FFP,
two cryoprecipitate pools (10 donor units) or as 3 g of a
fibrinogen concentrate. The response to component therapy
should be monitored both clinically and by repeating platelet
counts and coagulation tests following administration.

There are some reports of the successful use of recombinant
factor VIIa in patients with DIC and life-threatening bleeding.
However, the efficacy and safety of this treatment in DIC is
unknown and it should be used with caution.
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Recommendations

Transfusion of platelets or plasma (components) in patients
with DIC should not primarily be based on laboratory
results and should in general be reserved for patients that
present with bleeding (Grade C, Level IV).

In patients with DIC and bleeding or at high risk of
bleeding (e.g. postoperative patients or patients due to
undergo an invasive procedure) and a platelet count of
<50 x 10°/1, transfusion of platelets should be considered
(Grade C, Level IV).

In non-bleeding patients with DIC, prophylactic platelet
transfusion is not given unless it is perceived that there is a
high risk of bleeding (Grade C, Level IV).

In bleeding patients with DIC and prolonged PT and
aPTT administration of FFP may be useful. It should not
however be instituted based on laboratory tests alone but
should be considered in those with active bleeding and in
those requiring an invasive procedure. There is no evidence
that infusion of plasma stimulates the ongoing activation of
coagulation (Grade C, Level IV).

If transfusion of FFP is not possible in patients with
bleeding because of fluid overload, consider using factor
concentrates such as prothrombin complex concentrate,
recognising that these will only partially correct the defect
because they contain only selected factors, whereas in DIC
there is a global deficiency of coagulation factors (Grade C,
Level IV).

Severe hypofibrinogenaemia (<1 g/l) that persists despite
FFP replacement may be treated with fibrinogen concentrate
or cryoprecipitate (Grade C, Level IV).

Anticoagulants

Based on the notion that DIC is characterised by extensive
activation of coagulation, anticoagulant treatment may be a
rationale approach. Experimental studies have shown that
heparin can at least partly inhibit the activation of coagulation
in DIC (Pernerstorfer et al, 1999). There are no clinical
randomised controlled trials demonstrating that the use of
heparin in patients with DIC results in an improvement in
clinically relevant outcomes. Small uncontrolled studies have
shown that (low molecular weight) heparin is capable of
improving laboratory abnormalities associated with DIC
(Corrigan & Jordan, 1970; Audibert et al, 1987; Feinstein,
1988). Patients with DIC are at high risk of venous throm-
boembolic (VTE) events due to one or more risk factors,
including advanced age, recent surgery, immobilisation,
in-dwelling vascular catheters and previous VTE history (Cook
et al, 2005). Indeed, VTE prophylaxis using unfractionated
heparin (UFH), low molecular weight heparin (LMWH), and/
or mechanical methods has become standard care in patients
with DIC (Samama et al, 1999; Patel et al, 2005). A recent
large trial in patients with severe sepsis showed a non
significant benefit of low dose heparin on 28-day mortality
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and underscored the importance of not stopping heparin in
patients with DIC and abnormal coagulation parameters (Levi
et al, 2007).

Theoretically, the most logical anticoagulant agent to use in
DIC is directed against tissue factor activity. Phase II trials of
recombinant tissue factor pathway inhibitor (TFPI) in patients
with sepsis showed promising results but a phase III trial did
not show an overall survival benefit in patients who were
treated with TFPI (Abraham et al, 2001, 2003).

Recommendations

In cases of DIC where thrombosis predominates, such as
arterial or venous thromboembolism, severe purpura ful-
minans associated with acral ischemia or vascular skin
infarction therapeutic doses of heparin should be considered.

In these patients where there is perceived to be a
co-existing high risk of bleeding there may be benefits in
using continuous infusion UFH due to its short half-life and
reversibility. Weight adjusted doses (e.g. 10 p/kg/h) may be
used without the intention of prolonging the aPTT ratio to
1:5-2-5 times the control. Monitoring the aPTT in these
cases may be complicated and clinical observation for signs
of bleeding is important (Grade C, Level IV).

In critically ill, non-bleeding patients with DIC, prophy-
laxis for venous thromboembolism with prophylactic doses
of heparin or low molecular weight heparin is reccommended
(Grade A, Level IB).

Anticoagulant factor concentrates

The use of agents that are capable of restoring the dysfunc-
tional anticoagulant pathways in patients with DIC has been
extensively studied. Antithrombin concentrate has been avail-
able since the 1980s and most trials with this compound show
some beneficial effect in terms of improvement of laboratory
parameters, however, none of the trials demonstrated a
significant reduction in mortality. A large-scale multicentre
randomised controlled trial to directly assess the effect of
antithrombin concentrate on mortality in septic patients also
showed no significant reduction in those treated with
antithrombin concentrate (Warren et al, 2001). Interestingly,
the subgroup of patients that had DIC and that did not receive
heparin showed a remarkable survival benefit, but this finding
requires prospective validation (Kienast et al, 2006).

Based on the rationale that depression of the protein C
pathway may significantly contribute to the pathophysiology
of DIC, it has been suggested that supplementation of
activated protein C might potentially be of benefit. Indeed,
activated protein C was shown to be effective in reducing
mortality and organ failure in experimental sepsis models
(Taylor et al, 1987). The clinical efficacy of activated protein
C in severe sepsis was demonstrated in a large randomised
controlled trial (Bernard et al, 2001). Mortality was 24-7% in
the activated protein C group as compared with 30-8% in the
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placebo group (relative risk reduction 19-4%, 95% confidence
interval, 6:6-30-5). A post hoc analysis showed that patients
with DIC had the highest benefit of activated protein C
treatment (Dhainaut et al, 2004). Later studies confirmed the
ability of activated protein C to normalise coagulation
activation during severe sepsis (De Pont et al, 2005).
Administration of recombinant human activated protein C
increases the risk of major bleeding from approximately 2:0%
to 3-5% and the risk of intracerebral haemorrhage from 0-1%
to 0-3%, respectively in septic patients (Bernard et al, 2003,
2004; Abraham et al, 2005). In all studies with recombinant
human activated protein C, patients with severe thrombocy-
topenia (<30 X 10° or 80 x 10°) were excluded. In view of
the relatively short elimination half-life, the drug can be
rapidly discontinued shortly before invasive procedures.
Activated protein C therapy causes prolongation of coagu-
lation times especially the aPTT and this should be borne in
mind during treatment. Of note, activated protein C appears
to be relatively more effective in higher disease severity
groups and a prospective trial in septic patients with
relatively low disease severity did not show any benefit of
activated protein C (Abraham et al, 2005). There are some
case series of patients with severe meningococcal sepsis and
DIC that showed a beneficial effect of plasma-derived protein
C concentrate. However, in the absence of properly con-
trolled randomised studies, the efficacy of this treatment
remains unknown. There are no comparative studies between
recombinant human activated protein C and plasma-derived
protein C concentrate.

Recommendations

Consider treating patients with severe sepsis and DIC with
recombinant human activated protein C (continuous infu-
sion, 24 pg/kg/h for 4 d) (Grade A, Level Ib).

Patients at high risk of bleeding should not be given
recombinant human activated protein C. Current manufac-
turers guidance advises against using this product in
patients with platelet counts of <30 x 10°/1. In the event of
invasive procedures, administration of recombinant human
activated protein C should be discontinued shortly before
the intervention (elimination half-life ~ 20 min) and may
be resumed a few hours later, dependent on the clinical
situation (Grade C, Level IV).

In the absence of further prospective evidence from
randomised controlled trials confirming a beneficial effect
of antithrombin concentrate on clinically relevant end-
points in patients with DIC and not receiving heparin,
administration of antithrombin cannot be recommended
(Grade A, Level Ib).

Antifibrinolytic treatment

Antifibrinolytic agents are effective in bleeding patients but the
use of these agents in patients with bleeding due to DIC is

generally not recommended (Mannucci & Levi, 2007). In fact,
since fibrin deposition is an important feature of DIC,
inhibition of the fibrinolytic system seems inappropriate. An
exception may be made in rare cases where primary or
secondary hyperfibrinolysis dominates the clinical picture. This
is the case in the coagulopathy associated with acute prom-
yelocytic leukemia (AML-M3) and in some cases of DIC
secondary to malignancies (e.g. prostate carcinoma). Uncon-
trolled observations and one randomised controlled clinical
trial have shown a beneficial effect of antifibrinolytic agents in
this situation (Avvisati et al, 1989). More recent studies have
failed to show a reduction in bleeding for patients with acute
promyelocytic leukaemia treated with tranexamic acid (de la
Serna et al, 2008). The standard of care for patients with acute
promyelocytic leukaemia is with the differentiating agent all
trans-retinoic acid (ATRA), which may itself increase throm-
bosis risk. Cases of severe thrombosis complicating the
combined use of ATRA and tranexamic acid have been
documented (Brown et al, 2000). Because of this there is very
rarely a role for tranexamic acid in management of acute
promyelocytic leukaemia.

Recommendations

In general, patients with DIC should not be treated with
antifibrinolytic agents (Grade C, Level IV).

Patients with DIC that is characterized by a primary
hyperfibrinolytic state and who present with severe bleeding
could be treated with lysine analogues, such as tranexamic
acid (e.g. 1 g every 8 h) (Grade C, Level IV).

M. Levi'

C. H. Toh®

J. Thachil?

H. G. Watson®

'Department of Medicine, Academic Medical Centre, Amsterdam,

The Netherlands, *Department of Haematology, University of Liverpool,
Liverpool, UK, and *Department of Haematology, Aberdeen Royal
Infirmary, Aberdeen, UK.

Disclaimer

While the advice and information in these guidelines is
believed to be true and accurate at the time of going to press,
neither the authors, the British Society of Haematology nor the
publishers can accept any legal responsibility for the content of
these guidelines.

Acknowledgements and declarations of interest

M. Levi has been principal investigator in clinical trials of
recombinant human activated protein C, chairman of the Data
and Safety Monitoring Board of the current TFPI trial
(CAPTIVATE, Novartis), and a member of the steering

30 © 2009 Blackwell Publishing Ltd, British Journal of Haematology, 145, 24-33



committee of ongoing trials with recombinant thrombomod-
ulin (ART-123, Artisan, US).

C. H. Toh has three issued patents related to the aPTT wave
form.

J. Thachil has no conflict of interest to declare.

H. G. Watson has no conflict of interest to declare.

References

Abraham, E., Reinhart, K., Svoboda, P., Seibert, A., Olthoff, D., Dal
Nogare, A., Postier, R., Hempelmann, G., Butler, T., Martin, E,,
Zwingelstein, C., Percell, S., Shu, V., Leighton, A. & Creasey, A.A.
(2001) Assessment of the safety of recombinant tissue factor path-
way inhibitor in patients with severe sepsis: a multicenter, ran-
domized, placebo-controlled, single-blind, dose escalation study.
Critical Care Medicine, 29, 2081-2089.

Abraham, E., Reinhart, K., Opal, S., Demeyer, 1., Doig, C., Rodriguez,
A.L., Beale, R, Svoboda, P., Laterre, P.F., Simon, S., Light, B.,
Spapen, H., Stone, J., Seibert, A., Peckelsen, C., De Deyne, C.,
Postier, R., Pettila, V., Artigas, A., Percell, S.R., Shu, V., Zwingel-
stein, C., Tobias, J., Poole, L., Stolzenbach, J.C. & Creasey, A.A.
(2003) Efficacy and safety of tifacogin (recombinant tissue factor
pathway inhibitor) in severe sepsis: a randomized controlled trial.
JAMA, 290, 238-247.

Abraham, E., Laterre, P.F., Garg, R., Levy, H., Talwar, D., Trzaskoma,
B.L., Francois, B., Guy, J.S., Bruckmann, M., Rea-Neto, A., Rossaint,
R., Perrotin, D., Sablotzki, A., Arkins, N., Utterback, B.G. & Macias,
W.L. (2005) Drotrecogin alfa (activated) for adults with severe sepsis
and a low risk of death. New England Journal of Medicine, 353, 1332—
1341.

Akca, S., Haji-Michael, P., de, M.A., Suter, P., Levi, M. & Vincent, J.L.
(2002) Time course of platelet counts in critically ill patients. Critical
Care Medicine, 30, 753-756.

Al-Mondhiry, H. (1975) Disseminated intravascular coagulation:
experience in a major cancer center. Thrombosis et Diathesis
Haemorrhagica, 34, 181-193.

Angstwurm, M.W., Dempfle, C.E. & Spannagl, M. (2006) New dis-
seminated intravascular coagulation score: a useful tool to predict
mortality in comparison with acute physiology and chronic health
evaluation II and logistic organ dysfunction scores. Critical Care
Medicine, 34, 314-320.

Asakura, H., Ontachi, Y., Mizutani, T., Kato, M., Ito, T., Saito, M.,
Morishita, E., Yamazaki, M., Aoshima, K., Takami, A., Yoshida, T.,
Suga, Y., Miyamoto, K. & Nakao, S. (2001) Decreased plasma
activity of antithrombin or protein C is not due to consumption
coagulopathy in septic patients with disseminated intravascular
coagulation. European Journal of Haematology, 67, 170-175.

Audibert, G., Lambert, H., Toulemonde, F., Alexandre, P., Laprevote-
Heully, M.C., Bollaert, P.E., Bauer, P. & Larcan, A. (1987) Use of a
low molecular weight heparin, CY 222, in the treatment of con-
sumption coagulopathy. Journal des Maladies Vasculaires, 12 (Suppl
B), 147-151 [French].

Avvisati, G., ten Cate, ].W., Buller, H.R. & Mandelli, F. (1989) Tra-
nexamic acid for control of haemorrhage in acute promyelocytic
leukaemia. Lancet, 2, 122-124.

Bakhtiari, K., Meijjers, J.C., de, J.E. & Levi, M. (2004) Prospective
validation of the International Society of Thrombosis and Haemo-
stasis scoring system for disseminated intravascular coagulation.
Critical Care Medicine, 32, 2416-2421.

Guideline

Bernard, G.R., Vincent, J.L., Laterre, P.F., LaRosa, S.P., Dhainaut, J.F.,
Lopez-Rodriguez, A., Steingrub, J.S., Garber, G.E., Helterbrand, J.D.,
Ely, E.W. & Fisher, C.J.J. (2001) Efficacy and safety of recombinant
human activated protein C for severe sepsis. New England Journal of
Medicine, 344, 699-709.

Bernard, G.R., Macias, W.L., Joyce, D.E., Williams, M.D., Bailey, J. &
Vincent, J.L. (2003) Safety assessment of drotrecogin alfa (activated)
in the treatment of adult patients with severe sepsis. Critical Care, 7,
155-163.

Bernard, G.R., Margolis, B.D., Shanies, H.M., Ely, EEW., Wheeler, A.P.,
Levy, H., Wong, K. & Wright, T.J. (2004) Extended evaluation of
recombinant human activated protein C United States Trial
(ENHANCE US): a single-arm, phase 3B, multicenter study
of drotrecogin alfa (activated) in severe sepsis. Chest, 125, 2206—
2216.

Bick, R.L. (1996) Disseminated intravascular coagulation: objective
clinical and laboratory diagnosis, treatment, and assessment of ther-
apeutic response. Seminars in Thrombosis ¢ Hemostasis, 22, 69—88.

Bick, R.L. & Baker, W.F. (1992) Diagnostic efficacy of the D-dimer
assay in disseminated intravascular coagulation (DIC). Thrombosis
Research, 65, 785-790.

Boisclair, M.D., Ireland, H. & Lane, D.A. (1990) Assessment of
hypercoagulable states by measurement of activation fragments and
peptides. Blood Reviews, 4, 25-40.

Brown, J.E., Olujohungbe, A., Chang, J., Ryder, W.D., Morganstern,
G.R., Chopra, R. & Scarffe, ].H. (2000) All-trans retinoic acid
(ATRA) and tranexamic acid: a potentially fatal combination in
acute promyelocytic leukaemia. British Journal of Haematology, 110,
1010-1012.

Carr, J.M., McKinney, M. & McDonagh, J. (1989) Diagnosis of dis-
seminated intravascular coagulation. Role of D-dimer. American
Journal of Clinical Pathology, 91, 280-287.

Cauchie, P., Cauchie, C., Boudjeltia, K.Z., Carlier, E., Deschepper, N.,
Govaerts, D., Migaud-Fressart, M., Woodhams, B. & Brohee, D.
(2006) Diagnosis and prognosis of overt disseminated intravascular
coagulation in a general hospital — meaning of the ISTH score sys-
tem, fibrin monomers, and lipoprotein-C-reactive protein complex
formation. American Journal of Hematology, 81, 414-419.

Collins, P.W., Macchiavello, L.I., Lewis, S.J., Macartney, N.J., Saayman,
A.G., Luddington, R., Baglin, T. & Findlay, G.P. (2006) Global tests
of haemostasis in critically ill patients with severe sepsis syndrome
compared to controls. British Journal of Haematology, 135, 220-227.

Conway, E.M. & Rosenberg, R.D. (1988) Tumor necrosis factor sup-
presses transcription of the thrombomodulin gene in endothelial
cells. Molecular and Cellular Biology, 8, 5588—5592.

Cook, D.J., Crowther, M.A., Meade, M.O. & Douketis, J. (2005)
Prevalence, incidence, and risk factors for venous thromboembolism
in medical-surgical intensive care unit patients. Journal of Critical
Care, 20, 309-313.

Corrigan, J.J.J. & Jordan, C.M. (1970) Heparin therapy in septicemia
with disseminated intravascular coagulation. New England Journal of
Medicine, 283, 778-782.

De Pont, A.C., Bakhtiari, K., Hutten, B.A., de Jonge, E., Vroom, M.B,,
Meijers, J.C., Buller, H.R. & Levi, M. (2005) Recombinant human
activated protein C resets thrombin generation in patients with
severe sepsis — a case control study. Critical Care, 9, R490-R497.

Dempfle, C.E., Zips, S., Ergul, H. & Heene, D.L. (2001) The fibrin assay
comparison trial (FACT): correlation of soluble fibrin assays with
D-dimer. Journal of Thrombosis and Haemostasis, 86, 1204-1209.

© 2009 Blackwell Publishing Ltd, British Journal of Haematology, 145, 24-33 31



Guideline

Dempfle, C.E., Wurst, M., Smolinski, M., Lorenz, S., Osika, A., Olenik,
D., Fiedler, F. & Borggrefe, M. (2004a) Use of soluble fibrin antigen
instead of D-dimer as fibrin-related marker may enhance the
prognostic power of the ISTH overt DIC score. Journal of Throm-
bosis and Haemostasis, 91, 812-818.

Dempfle, C.E., Lorenz, S., Smolinski, M., Wurst, M., West, S., Houdijk,
W.P., Quintel, M. & Borggrefe, M. (2004b) Utility of activated
partial thromboplastin time waveform analysis for identification of
sepsis and overt disseminated intravascular coagulation in patients
admitted to a surgical intensive care unit. Critical Care Medicine, 32,
520-524.

Dhainaut, J.F., Yan, S.B., Joyce, D.E., Pettila, V., Basson, B.R., Brandt,
J.T., Sundin, D. & Levi, M. (2004) Treatment effects of drotrecogin
alfa (activated) in patients with severe sepsis with or without overt
disseminated intravascular coagulation. Journal of Thrombosis and
Haemostasis, 2, 1924—1933.

Downey, C., Kazmi, R. & Toh, C.H. (1997) Novel and diagnostically
applicable information from optical waveform analysis of blood
coagulation in disseminated intravascular coagulation. British Jour-
nal of Haematology, 98, 68-73.

Downey, C., Kazmi, R. & Toh, C.H. (1998) Early identification and
prognostic implications in disseminated intravascular coagulation
through transmittance waveform analysis. Journal of Thrombosis and
Haemostasis, 80, 65-69.

Faust, S.N., Levin, M., Harrison, O.B., Goldin, R.D., Lockhart, M.S.,
Kondaveeti, S., Laszik, Z., Esmon, C.T. & Heyderman, R.S. (2001)
Dysfunction of endothelial protein C activation in severe menin-
gococcal sepsis. New England Journal of Medicine, 345, 408—416.

Feinstein, D.I. (1988) Treatment of disseminated intravascular coag-
ulation. [Review] [122 refs]. Seminars in Thrombosis ¢ Hemostasis,
14, 351-362.

Fourrier, F., Chopin, C., Goudemand, J., Hendrycx, S., Caron, C.,
Rime, A., Marey, A. & Lestavel, P. (1992) Septic shock, multiple
organ failure, and disseminated intravascular coagulation. Com-
pared patterns of antithrombin III, protein C, and protein S defi-
ciencies. Chest, 101, 816—823.

Gando, S., Wada, H., Asakura, H., Iba, T., Eguchi, Y., Okamoto, K.,
Ohtomo, Y., Kawasugi, K., Koga, S., Koseki, K., Tsuji, H., Mayumi,
T., Murata, A., Nakagawa, M. & Endo, S. (2005) Evaluation of new
Japanese diagnostic criteria for disseminated intravascular coagula-
tion in critically ill patients. Clinical and Applied Thrombosis/
Hemostasis, 11, 71-76.

Horan, J.T. & Francis, C.W. (2001) Fibrin degradation products, fibrin
monomer and soluble fibrin in disseminated intravascular coagu-
lation. Seminars in Thrombosis ¢ Hemostasis, 27, 657—666.

Kienast, J., Juers, M., Wiedermann, C.J., Hoffmann, J.N., Ostermann,
H., Strauss, R., Keinecke, H.O., Warren, B.L. & Opal, S.M. (2006)
Treatment effects of high-dose antithrombin without concomitant
heparin in patients with severe sepsis with or without disseminated
intravascular coagulation. Journal of Thrombosis and Haemostasis, 4,
90-97.

Levi, M. (2004) Current understanding of disseminated intravascular
coagulation. British Journal of Haematology, 124, 567-576.

Levi, M. (2005) Disseminated intravascular coagulation: what’s new?
Critical Care Clinics, 21, 449-467.

Levi, M. & Opal, S.M. (2006) Coagulation abnormalities in critically ill
patients. Critical Care, 10, 222.

Levi, M. & Ten, C.H. (1999) Disseminated intravascular coagulation.
New England Journal of Medicine, 341, 586-592.

Levi, M., de, J.E., van der, P.T. & Ten, C.H. (1999) Disseminated
intravascular coagulation. Journal of Thrombosis and Haemostasis,
82, 695-705.

Levi, M., Levy, M., Williams, M.D., Douglas, 1., Artigas, A., Antonelli,
M., Wyncoll, D, Janes, J., Booth, F.V., Wang, D., Sundin, D.P. &
Macias, W.L. (2007) Prophylactic heparin in patients with severe
sepsis treated with drotrecogin alfa (activated). American Journal of
Respiratory and Critical Care Medicine, 176, 483—-490.

Mackie, 1.J., Kitchen, S., Machin, S.J. & Lowe, G.D. (2003) Guide-
lines on fibrinogen assays. British Journal of Haematology, 121,
396—404.

Mannucci, P.M. & Levi, M. (2007) Prevention and treatment of major
blood loss. New England Journal of Medicine, 356, 2301-2311.

Mant, M.J. & King, E.G. (1979) Severe, acute disseminated intravas-
cular coagulation. A reappraisal of its pathophysiology, clinical
significance and therapy based on 47 patients. American Journal of
Medicine, 67, 557-563.

Matsumoto, T., Wada, H., Nishioka, Y., Nishio, M., Abe, Y., Nishioka,
J., Kamikura, Y., Sase, T., Kaneko, T., Houdijk, W.P., Nobori, T. &
Shiku, H. (2006) Frequency of abnormal biphasic aPTT clot wave-
forms in patients with underlying disorders associated with dis-
seminated intravascular coagulation. Clinical and Applied
Thrombosis/hemostasis, 12, 185-192.

McCarron, B.I., Marder, V.J. & Francis, C.W. (1999) Reactivity of
soluble fibrin assays with plasmic degradation products of fibrin and
in patients receiving fibrinolytic therapy. Journal of Thrombosis and
Haemostasis, 82, 1722—-1729.

Mesters, R.M., Mannucci, P.M., Coppola, R., Keller, T., Ostermann, H.
& Kienast, J. (1996) Factor VIla and antithrombin III activity during
severe sepsis and septic shock in neutropenic patients. Blood, 88,
881-886.

Mongan, P.D. & Hosking, M.P. (1992) The role of desmopressin
acetate in patients undergoing coronary artery bypass surgery. A
controlled clinical trial with thromboelastographic risk stratification.
Anesthesiology, 77, 38—46.

Nakamura, Y., Tomura, S., Tachibana, K., Chida, Y. & Marumo, F.
(1992) Enhanced fibrinolytic activity during the course of hemodi-
alysis. Clinical Nephrology, 38, 90-96.

Neame, P.B., Kelton, J.G., Walker, I.R., Stewart, 1.O., Nossel, H.L. &
Hirsh, J. (1980) Thrombocytopenia in septicemia: the role of dis-
seminated intravascular coagulation. Blood, 56, 88-92.

Olson, J.D., Kaufman, H.H., Moake, J., O’Gorman, T.W., Hoots, K.,
Wagner, K., Brown, C.K. & Gildenberg, P.L. (1989) The incidence
and significance of hemostatic abnormalities in patients with head
injuries. Neurosurgery, 24, 825-832.

Patel, R., Cook, D.]J., Meade, M.O., Griffith, L.E., Mehta, G., Rocker,
G.M., Marshall, J.C., Hodder, R., Martin, C.M., Heyland, D.K,,
Peters, S., Muscedere, J., Soth, M., Campbell, N. & Guyatt, G.H.
(2005) Burden of illness in venous thromboembolism in critical
care: a multicenter observational study. Journal of Critical Care, 20,
341-347.

Pernerstorfer, T., Hollenstein, U., Hansen, J., Knechtelsdorfer, M.,
Stohlawetz, P., Graninger, W., Eichler, H.G., Speiser, W. & Jilma, B.
(1999) Heparin blunts endotoxin-induced coagulation activation.
Circulation, 100, 2485-2490.

Prisco, D., Paniccia, R., Bonechi, F., Francalanci, 1., Abbate, R. &
Gensini, G.F. (1989) Evaluation of new methods for the selective
measurement of fibrin and fibrinogen degradation products.
Thrombosis Research, 56, 547—551.

32 © 2009 Blackwell Publishing Ltd, British Journal of Haematology, 145, 24-33



Samama, M.M., Cohen, A.T., Darmon, J.Y., Desjardins, L., Eldor, A.,
Janbon, C., Leizorovicz, A., Nguyen, H., Olsson, C.G., Turpie, A.G.
& Weisslinger, N. (1999) A comparison of enoxaparin with placebo
for the prevention of venous thromboembolism in acutely ill med-
ical patients. Prophylaxis in medical patients with enoxaparin study
group. New England Journal of Medicine, 341, 793-800.

de la Serna, J., Montesinos, P., Vellenga, E., Rayon, C., Parody, R.,
Leon, A., Esteve, ]., Bergua, ].M., Milone, G., Deben, G., Rivas, C.,
Gonzalez, M., Tormo, M., az-Mediavilla, J., Gonzalez, J.D., Negri, S.,
Amutio, E., Brunet, S., Lowenberg, B. & Sanz, M.A. (2008) Causes
and prognostic factors of remission induction failure in patients
with acute promyelocytic leukemia treated with all-trans retinoic
acid and idarubicin. Blood, 111, 3395-3402.

Shorr, A.F., Trotta, R.F., Alkins, S.A., Hanzel, G.S. & Diehl, L.F. (1999)
D-dimer assay predicts mortality in critically ill patients without
disseminated intravascular coagulation or venous thromboembolic
disease. Intensive Care Medicine, 25, 207-210.

Siegal, T., Seligsohn, U., Aghai, E. & Modan, M. (1978) Clinical and
laboratory aspects of disseminated intravascular coagulation (DIC):
a study of 118 cases. Journal of Thrombosis and Haemostasis, 39, 122—
134.

Sivula, M., Tallgren, M. & Pettila, V. (2005) Modified score for dis-
seminated intravascular coagulation in the critically ill. Intensive
Care Medicine, 31, 1209-1214.

Spero, J.A., Lewis, ].H. & Hasiba, U. (1980) Disseminated intravascular
coagulation. Findings in 346 patients. Journal of Thrombosis and
Haemostasis, 43, 28-33.

Taylor, F.B.J., Chang, A., Esmon, C.T., D’Angelo, A., Vigano-D’An-
gelo, S. & Blick, K.E. (1987) Protein C prevents the coagulopathic
and lethal effects of Escherichia coli infusion in the baboon. Journal
of Clinical Investigation, 79, 918-925.

Taylor, E.B., Jr, , Toh, C.H., Hoots, W.K., Wada, H. & Levi, M. (2001)
Towards definition, clinical and laboratory criteria, and a scoring
system for disseminated intravascular coagulation. Journal of
Thrombosis and Haemostasis., 86, 1327—-1330.

Toh, C.H. & Dennis, M. (2003) Disseminated intravascular coagula-
tion: old disease, new hope. BM], 327, 974-977.

Toh, C.H. & Hoots, W.K. (2007) The scoring system of the Scientific
and Standardisation Committee on Disseminated Intravascular
Coagulation of the International Society on Thrombosis and Hae-
mostasis: a 5-year overview. Journal of Thrombosis and Haemostasis,
5, 604—606.

Toh, C.H., Downey, C. & Dwyre, L. (2000) Thromboplastin sensitivity
in waveform analysis. Journal of Thrombosis and Haemostasis, 84,
517-518.

Wada, H., Wakita, Y., Nakase, T., Shimura, M., Hiyoyama, K., Nagaya,
S., Mori, Y. & Shiku, H. (1995) Outcome of disseminated intra-
vascular coagulation in relation to the score when treatment was
begun. Mie DIC Study Group. Journal of Thrombosis and Haemo-
stasis, 74, 848—-852.

Guideline

Warren, B.L., Eid, A, Singer, P., Pillay, S.S., Carl, P., Novak, I., Cha-
lupa, P., Atherstone, A., Penzes, 1., Kubler, A., Knaub, S., Keinecke,
H.O., Heinrichs, H., Schindel, F., Juers, M., Bone, R.C. & Opal, S.M.
(2001) Caring for the critically ill patient. High-dose antithrombin
III in severe sepsis: a randomized controlled trial. JAMA, 286, 1869—
1878.

Wilde, J.T., Kitchen, S., Kinsey, S., Greaves, M. & Preston, F.E. (1989)
Plasma D-dimer levels and their relationship to serum fibrinogen/
fibrin degradation products in hypercoagulable states. British Journal
of Haematology, 71, 65-70.

Zuckerman, L., Cohen, E., Vagher, J.P., Woodward, E. & Caprini, J.A.
(1981) Comparison of thrombelastography with common coagula-
tion tests. Journal of Thrombosis and Haemostasis, 46, 752—756.

Appendix 1

Classification of evidence levels

Ia Evidence obtained from meta-analysis of randomised
controlled trials.

Ib Evidence obtained from at least one randomised controlled
trial.

ITa Evidence obtained from at least one well-designed con-
trolled study without randomization.

IIb Evidence obtained from at least one other type of well-
designed quasi-experimental study*.

III Evidence obtained from well-designed non-experimental
descriptive studies, such as comparative studies, correlation
studies and case studies.

IV Evidence obtained from expert committee reports or
opinions and/or clinical experiences of respected author-
ities.

Classification of grades of recommendations

A Requires at least one randomised controlled trial as part of a
body of literature of overall good quality and consistency
addressing specific recommendation. (Evidence levels Ia,
Ib).

B Requires the availability of well conducted clinical studies
but no randomised clinical trials on the topic of recom-
mendation. (Evidence levels Ila, IIb, III).

C Requires evidence obtained from expert committee reports
or opinions and/or clinical experiences of respected author-
ities. Indicates an absence of directly applicable clinical
studies of good quality. (Evidence level IV).
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