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Disseminated intravascular coagulation: old disease,
new hope
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Disseminated intravascular coagulation has long been associated with increased mortality in
patients with sepsis. An effective treatment is now available, and the authors of this review
describe how improved understanding and earlier diagnosis could lead to targeted treatment
and improved prognosis

Although the first clinical observations on dissemi-
nated intravascular coagulation (DIC) were reported in
the 19th century,1 this condition of widespread and
disordered coagulation has probably afflicted mankind
for as long as trauma and infection have beset us.
Indeed, DIC is generally associated with an adverse
outcome by most clinicians, and its acronym has been
synonymous with “death is coming.” However, a drug
targeted at the coagulopathy of severe sepsis (activated
protein C) has now emerged as the first successful
treatment for the condition.2 We provide an updated
overview of DIC and how its onset may indicate the
turning point from which an adaptive response
becomes maladaptive and potentially injurious to the
host. Precise laboratory definition of this process could
provide a therapeutic window in critical illness that
may finally deliver an improved outcome.

Sources and selection criteria
A systematic search of PubMed with the search term
“disseminated intravascular coagulation” and related
keywords yielded 10 262 publications, most of which
related to pathophysiology and case reports. Owing to
a lack of systematic controlled clinical trials, many rec-
ommendations are based on expert opinion and
consensus driven guidelines rather than a secure
evidence base. However, an increasing number of ran-
domised controlled trials studying the diagnosis and
management of DIC have been reported in the past
five years, and we have incorporated these in the
review.

Definition
DIC represents a continuum in clinical-pathological
severity, characterised by the increasing loss of localisa-
tion or compensated control in intravascular activation
of coagulation. It has definable phases that characterise
patients at risk for increased mortality. The Inter-
national Society of Thrombosis and Haemostasis
standardisation subcommittee has therefore proposed
working definitions to facilitate earlier detection and

treatment.3 The new emphasis is on recognising a non-
overt stage rather than an overt and late stage of DIC.

Epidemiology
DIC is an acquired syndrome arising from various dif-
ferent causes (table 1, fig 1). Its classification primarily
as a haemostatic complication of diseases has
somewhat detracted from a more central pathogenetic
consideration. Its importance is supported by two key
observations. Firstly, the presence of DIC increases the
risk of mortality beyond that associated with the
primary disease.4 Secondly, the removal of its
underlying cause does not necessarily alleviate the
process in all cases. Although removal of products of
conception either by surgery or spontaneous delivery
usually leads to remission in obstetric causes of DIC,
the use of appropriate antibiotics may be insufficient to
prevent further deterioration in sepsis.5

Summary points

Disseminated intravascular coagulation (DIC) is
caused by the enhanced and abnormally
sustained generation of thrombin

DIC is highly relevant to outcome in patients with
sepsis; the first successful treatment in sepsis is by
targeting generation of thrombin with activated
protein C

DIC exemplifies multifaceted interactions between
the inflammatory and coagulation pathways

DIC indicates the transition from localised,
adaptive, and compensated coagulation processes
into maladaptive responses

Identifying circulating biomarkers that propagate
generation of thrombin may indicate the timing
of dissemination and be a tool for therapeutic
targeting
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Clinical manifestation
The perturbed coagulation of DIC can manifest
clinically at any point in the spectrum from bleeding to
thrombosis (fig 2). Although bleeding is the archetypal
physical manifestation in patients with DIC, as a result
of reducing platelets and coagulation factors, organ
failure is a much more common finding. Autopsy find-
ings have shown both diffuse bleeding at various sites,
with haemorrhagic tissue necrosis, and thrombi in
small as well as larger blood vessels.6 Experimental ani-
mal models of DIC have shown fibrin disposition in
various organs as a cause of organ failure.

Pathophysiology
Several important themes in the pathophysiology of
DIC exist. First is the central part played by the genera-
tion of thrombin in vivo.7 8 Second is the fact that
mechanisms fuelling and perpetuating the generation
of thrombin are pathogenic in its dissemination. Third
is the parallel and concomitant activation of the
inflammatory cascade. Fourth is the importance of the
endothelial microvasculature in this process.

Thrombin generation in vivo
The generation of thrombin in vivo is pivotal to haemo-
static control by way of balancing both procoagulant
and anticoagulant activities (fig 3). Clot formation
through the conversion of fibrinogen to fibrin is
simultaneously controlled through activation by
thrombin of the protein C anticoagulant regulatory
pathway.9 This also serves several potential roles, includ-
ing the walling off of pathogens, recruitment of cellular
processes, and activation of appropriate endothelial
response signals.10 This fine homeostatic balance of con-
trolled thrombin generation is lost in DIC.

Mechanisms disseminating and sustaining
thrombin generation
Although the tissue factor or extrinsic pathway of
coagulation plays a major part in initiating generation of
thrombin, the recruitment of other processes leads to
dissemination of intravascular coagulation (box 1).
Secondary bursts of thrombin formation are provided
by the intrinsic pathway of coagulation, leading to
consumption and depletion of the anticoagulant regula-
tory proteins—protein C, protein S, and antithrombin.11

Additionally, increased exposure of negatively charged
phospholipid surfaces further facilitates the assembly
and propagation of coagulation kinetics.12 Such surfaces,
mainly rich in phosphatidylserine, are provided by
externalisation of the inner leaflet of cell membranes on
activation and apoptosis.13 Cell damage also leads to the

generation of microparticles from platelets, monocytes,
and endothelial cells, which increase the circulating sur-
face area available for coagulant reactions to occur.14

Also relevant is the provision of phospholipid surfaces
by very low density lipoprotein, which can increase sev-
eral fold in severe sepsis to further enhance and sustain
generation of thrombin.15 Together, these mechanisms
form a spatially and temporally expansive response that
is the hallmark of DIC.

Links between inflammation and coagulation
Once activated, the inflammatory and coagulation
pathways interact with one another to amplify the
response further.16 Whereas cytokines and pro-
inflammatory mediators can induce coagulation,
thrombin and other serine proteases interact with pro-
tease activated receptors on cell surfaces to promote
further activation and additional inflammation.17

When this process generalises, it escapes the well
developed local checks and balances and results in a
dysregulated, undirected response that fuels the vicious
cycle between inflammation and coagulation.

Endothelial cell activation and dysfunction
The normal and adaptive response of endothelial sur-
faces is directly relevant to the regulation of
coagulation and inflammation.18 Dysfunction and
failure of this large, physiological endothelial organ

Table 1 Clinical conditions associated with disseminated intravascular coagulation

Condition Causes

Sepsis or severe infection Potentially any micro-organism, including severe acute
respiratory syndrome

Trauma Serious tissue injury
Head injury
Fat embolism

Organ destruction Severe pancreatitis

Malignancy Solid tumours
Haematological malignancies (for example, acute
promyelocytic leukaemia)

Obstetrical calamities Placental abruption
Amniotic fluid embolism

Vascular abnormalities Giant haemangiomas (Kasabach-Merrit syndrome)
Large vessel aneurysms (for example, aortic)

Hepatic failure

Severe toxic or immunological reactions Snake bites
Recreational drugs
Severe transfusion reactions
Transplant rejection

Fig 1 Blood film from a patient with acute promyelocytic leukaemia, showing a promyeloblast
with cytoplasmic auer rods diagnostic of myeloid neoplasia and changes indicative of
disseminated intravascular coagulation, including fragmented red blood cells and a marked
absence of platelets

Box 1: Mechanisms sustaining generation of
thrombin
• Activation of intrinsic pathway of coagulation
• Reduction in levels of endogenous anticoagulant
factors (for example, protein C, antithrombin)
• Increased availability of negatively charged
phospholipid surfaces:

externalisation of inner cellular membrane leaflet
cellular microparticle formation
circulating lipoproteins
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beyond the adaptive nature of the host response can
lead to and be indicated by the development of DIC.
The degree of coagulopathy and the dominance of
thrombotic or bleeding sequelae depend on genetic
and other host related factors.19

Diagnosis
In clinical practice, a diagnosis of DIC can be made by a
combination of routinely available laboratory tests for
coagulation, for which diagnostic algorithms have
become available.3 The classically characterised findings
are prolonged clotting times (for example, prothrombin
time, activated partial thromboplastin time), elevated
products of fibrin breakdown (for example, d-dimer),
low platelet counts, and low fibrinogen. Results within
the normal range do not exclude important consump-
tive coagulopathy, however, especially as the acute phase
response results in shortening of the activated partial
thromboplastin time and increased fibrinogen concen-
trations. For this reason, the International Society of
Thrombosis and Haemostasis’s guidance on identifying
early, non-overt DIC scores not only for abnormal
results but also for abnormal trends in these results.3

Emphasis has also been placed on more specific assays
that more directly link inflammation and disseminated
coagulation processes but that also need to be simple
and rapid in performance as well as robust in their
evidence base (table 2).15 20

Treatment
The mainstay of management of DIC is to specifically
remove the underlying causative factor. However, as
testified by the mortality from this condition, DIC often
continues even after appropriate treatment—for exam-
ple, with the use of antibiotics in sepsis. The efficacy of
replacement treatment with plasma or platelets has not
been proved in randomised controlled trials. However,
replacement treatment seems to be a rational option,
particularly when these factors are considerably
depleted in a patient who is either actively bleeding or
at risk of bleeding (box 2). Furthermore, no clinical or
experimental data exist to suggest that such treatment
might “add fuel to the fire.” A beneficial effect of
heparin, which inhibits the excess thrombin generated,
on clinically important outcome events in patients with
DIC has never been shown in controlled clinical trials.
In addition, the safety of heparin treatment is
debatable in DIC patients who are prone to bleeding.21

The reported success of a recombinant form of
human activated protein C in severe sepsis, whereby
mortality at 28 days was significantly reduced from 31%
to 25%, is an indication for its prompt consideration in

Fig 2 Typical skin changes in the shoulder (top) and hand (bottom)
in purpura fulminans associated with meningococcal septicaemia and
disseminated intravascular coagulation
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Fig 3 Generation and dissemination of thrombin. I: normal, localised coagulation activation,
via extrinsic and intrinsic pathways, to generate thrombin with a resultant balance in
procoagulant conversion of fibrinogen to fibrin and anticoagulant activation of protein C (PC)
to its activated form, APC. The orange area denotes the reactions that are highly dependent
on phospholipid surfaces. II: compensated increase in coagulation activation with contribution
from endothelial, monocyte, and platelet cell surfaces. Arrows denote the intensity of the
stress or acute phase response. III: decompensation and dissemination of thrombin
generation in vivo, with increased anionic phospholipid surfaces provided by circulating
microparticles and lipoproteins released as part of the stress response

Table 2 Practical markers of non-overt disseminated
intravascular coagulation

Test Finding

Prothrombin time Increasing clotting time

Platelets Falling count

Activated partial thromboplastin time Increasing clotting time and
abnormal waveform

Fibrin related marker (D-dimer, fibrin
degradatory products)

Rising concentrations

Fibrinogen Falling concentrations

Protein C Falling concentrations

Antithrombin Falling concentrations

Clinical review

976 BMJ VOLUME 327 25 OCTOBER 2003 bmj.com



sepsis related DIC (level I evidence).2 In addition to act-
ing as an anticoagulant, activated protein C also has
direct anti-inflammatory and antiapoptotic properties.22

This may in part explain why the other endogenous
anticoagulants (antithrombin and tissue factor pathway
inhibitor) trialled in severe sepsis have not shown such
good efficacy.23 Recombinant human activated protein C
is currently used as a 96 hour infusion, and caution is
needed in patients with severe thrombocytopenia (less
than 30x109/l) because of the increased incidence of
intracerebral haemorrhage in treated patients. Monitor-
ing of the platelet count and transfusion of platelets as
necessary are important considerations.

Although not licensed, unactivated (zymogen) pro-
tein C replacement has reported usefulness in menin-
gococcal septicaemia (level IV evidence).24 However,
conversion to activated protein C in vivo would
depend on the presence of cell surface receptors
(thrombomodulin and the endothelial protein C
receptor), which can be severely diminished in sepsis.25

Conclusion
New information about the pathophysiology and treat-
ment of DIC promises new hope of an improved prog-
nosis for this disorder, which has long been associated
with unacceptably high mortality. Important break-
throughs will need a conceptual shift that emphasises
relations between the various mediators and factors
that propagate generation of thrombin, especially with
regard to the links between inflammation and coagula-
tion. Additional studies promise to provide new
insights into DIC, not as an isolated mechanism but
rather as a coordinator of events that substantially
affects outcome in sepsis and critical illness.
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Box 2: Treatment of disseminated intravascular
coagulation
• Aggressive treatment of the underlying cause
• Multi-organ support:

circulatory resuscitation or inotropic agents
ventilation
haemodialysis
• Blood product support if actively bleeding or at
high risk (post-surgery, pre-procedure):

platelets if less than 50x109/l (4-8 units =
1-2 adult doses)
fresh frozen plasma if clotting times
prolonged—15 ml/kg (1 litre = 4 units =
1 adult dose)
cryoprecipitate to keep fibrinogen > 1.0 g/l—
1-1.5 packs/10 kg (10 units = 1 adult dose)
• Recombinant human activated protein C in
adults with severe sepsis and multiple organ
failure, provided platelet count is not < 30x109/l
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