The New England Journal of Medicine

Current Concepts

DISSEMINATED INTRAVASCULAR
COAGULATION

MaARCceL LEvi, M.D., AND HuGo TEN CATE, M.D.

ISSEMINATED intravascular coagulation is

characterized by the widespread activation

of coagulation, which results in the intravas-
cular formation of fibrin and ultimately thrombotic
occlusion of small and midsize vessels.13 Intravascu-
lar coagulation can also compromise the blood sup-
ply to organs and, in conjunction with hemodynam-
ic and metabolic derangements, may contribute to
the failure of multiple organs. At the same time, the
use and subsequent depletion of platelets and coag-
ulation proteins resulting from the ongoing coagu-
lation may induce severe bleeding (Fig. 1). Bleeding
may be the presenting symptom in a patient with
disseminated intravascular coagulation, a factor that
can complicate decisions about treatment.

ASSOCIATED CLINICAL CONDITIONS
AND INCIDENCE

Infectious Disease

Disseminated intravascular coagulation is an ac-
quired disorder that occurs in a wide variety of clin-
ical conditions, the most important of which are listed
in Table 1. Infectious disease, in particular septicemia,
is the most common clinical condition associated
with disseminated intravascular coagulation. Although
virtually all microorganisms can cause disseminated
intravascular coagulation, bacterial infection is most
frequently related to the development of the syn-
drome. Clinically overt disseminated intravascular co-
agulation may occur in 30 to 50 percent of patients
with gram-negative sepsis.*¢ Contrary to widely held
belief, clinically overt disseminated intravascular co-
agulation appears to be as common in patients with
gram-positive sepsis as in those with gram-negative
sepsis.” Triggers of the activation of diffuse coagula-
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Figure 1. The Mechanism of Disseminated Intravascular Coag-
ulation.

Systemic activation of coagulation leads to widespread intra-
vascular deposition of fibrin and depletion of platelets and co-
agulation factors. As a result, thrombosis of small and midsize
vessels may occur, contributing to organ failure, and there may
be severe bleeding.

TABLE 1. COMMON CLINICAL CONDITIONS
ASSOCIATED WITH DISSEMINATED
INTRAVASCULAR COAGULATION.

Sepsis
Trauma
Serious tissue injury
Head injury
Fat embolism
Cancer
Myeloproliferative diseases
Solid tumors (e.g., pancreatic carcinoma, prostatic
carcinoma)
Obstetrical complications
Amniotic-fluid embolism
Abruptio placentae
Vascular disorders
Giant hemangioma (Kasabach—Merritt syndrome)
Aortic aneurysm
Reactions to toxins (e.g., snake venom, drugs, am-
phetamines)
Immunologic disorders
Severe allergic reaction
Hemolytic transfusion reaction
Transplant rejection

tion in patients with infections are cell-specific mem-
brane components of the microorganism, such as
lipopolysaccharide or endotoxin, or bacterial exo-
toxins (e.g., staphylococcal a hemolysin). All these
components may induce a generalized inflammatory
response, characterized by the activation of the cy-
tokine network.
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Severe Trauma

Another clinical condition frequently associated
with disseminated intravascular coagulation is severe
trauma, particularly to the brain.¢3 A combination
of mechanisms, including the release of fat and phos-
pholipids from tissue into the circulation, hemolysis,
and endothelial damage, may promote the systemic
activation of coagulation. In addition, there is emerg-
ing evidence that cytokines have a pivotal role in the
development of disseminated intravascular coagu-
lation, since the systemic activation patterns of cy-
tokines are virtually identical in patients with poly-
trauma and patients with sepsis.®!® The incidence of
disseminated intravascular coagulation among patients
with severe trauma who have a systemic inflammato-
ry response syndrome as a consequence is 50 to 70
percent.5?

Cancer

Both solid tumors and hematologic cancers may
be complicated by disseminated intravascular coagu-
lation. Ten to 15 percent of patients with metasta-
sized tumors have evidence of disseminated intravas-
cular coagulation, and the condition is present in
approximately 15 percent of patients with acute leu-
kemia.ll12 The mechanism of the derangement of
the coagulation system in patients with cancer is not
clear. However, a number of studies indicate that tis-
sue factor, which is expressed on the surface of tumor
cells, is involved.!3 A distinct form of disseminated
intravascular coagulation is frequently encountered
in patients with acute promyelocytic leukemia, which
is characterized by a severe hyperfibrinolytic state
in addition to an activated coagulation system. Al-
though bleeding is the most common clinical fea-
ture, disseminated thrombosis is found in some pa-
tients at autopsy.!* Treatment with all-z7ans-retinoic
acid, however, has drastically reduced the incidence
of severe disseminated intravascular coagulation in
patients with acute promyelocytic leukemia.

Obstetrical Disorders

Disseminated intravascular coagulation is a classic
complication of obstetrical conditions, such as abrup-
tio placentae and amniotic-fluid embolism, occur-
ring in more than 50 percent of patients with these
conditions.!s Leakage of thromboplastin-like material
is likely to cause the systemic activation of coagula-
tion, since amniotic fluid is a potent activator of co-
agulation in vitro and since the degree of placental
separation correlates with the extent of disseminated
intravascular coagulation. Although these obstetrical
conditions may cause fulminant disseminated intra-
vascular coagulation, the disorder is usually short-lived
and self-limiting. Preeclampsia can also be compli-
cated by disseminated intravascular coagulation, which
occurred in 7 percent of consecutive patients with
severe preeclampsia in one study.l¢

Giant Hemangiomas

Giant hemangiomas (the Kasabach—Merritt syn-
drome) and even large aortic aneurysms may result
in local activation of coagulation.17!8 In patients with
these conditions, local activation of coagulation most
commonly results in the systemic depletion of local-
ly consumed coagulation factors and platelets, but
activated coagulation factors can reach the systemic
circulation and cause disseminated intravascular co-
agulation. The incidence of clinically overt dissemi-
nated intravascular coagulation is 25 percent among
patients with giant hemangiomas, whereas the inci-
dence is approximately 0.5 to 1 percent among pa-
tients with large aortic aneurysms.!8:19

Microangiopathic Hemolytic Anemia

Microangiopathic hemolytic anemias comprise
thrombocytopenic thrombotic purpura, the hemolyt-
ic—uremic syndrome, chemotherapy-induced micro-
angiopathic hemolytic anemia, malignant hyperten-
sion, and the HELLP syndrome (hemolysis, elevated
liver-enzyme levels, and a low platelet count occur-
ring in association with preeclampsia).2? Although
some characteristics of microangiopathic hemolytic
anemias and the resulting thrombotic occlusion of
small and midsize vessels may mimic the clinical pic-
ture of disseminated intravascular coagulation, these
disorders are a distinct group of diseases. The com-
mon feature of the microangiopathic hemolytic ane-
mias appears to be endothelial damage, which causes
the adhesion and aggregation of platelets, the forma-
tion of thrombin, and the impairment of fibrinolysis.
In patients with thrombocytopenic thrombotic pur-
pura and the hemolytic—uremic syndrome, the ac-
quired deficiency of a protease that cleaves multimers
of von Willebrand factor leads to the accumulation
of large multimers of this factor.2! A cardinal sign of
microangiopathic hemolytic anemia is the presence
of fragmented red cells (schistocytes) in the blood
smear. Although hemolytic anemia and schistocytes
are also sometimes present in patients with severe
disseminated intravascular coagulation (because of
the presence of intravascular fibrin), these are invari-
able findings in patients with microangiopathic hemo-
lytic anemia.

CLINICAL RELEVANCE AND PROGNOSIS

The contribution of disseminated intravascular co-
agulation to morbidity and the risk of mortality var-
ies depending on the underlying clinical condition
and the intensity of the coagulation disorder. Ob-
viously, the seriousness of a severe depletion of
platelets and coagulation factors in patients with dif-
fuse and ongoing bleeding or in patients at high risk
for bleeding (e.g., patients recovering from surgery)
is indisputable. In addition, several lines of evidence
indicate that disseminated intravascular coagulation
increases the risk of organ failure and death. First,
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histologic studies have shown that signs of ischemia
and necrosis are related to the deposition of fibrin in
the vasculature of organs in patients with dissemi-
nated intravascular coagulation.?? Second, the amel-
ioration of experimentally induced disseminated in-
travascular coagulation in animals decreases the risk
of organ failure and, in some cases, death.232* In a
large number of clinical studies, the occurrence of dis-
seminated intravascular coagulation appeared to be
associated with an unfavorable outcome and was an
independent predictor of mortality. Prospective clin-
ical studies have shown that the development of dis-
seminated intravascular coagulation in patients with
sepsis or severe trauma roughly doubles the risk of
death.610.25 Tn spite of the apparent association be-
tween disseminated intravascular coagulation and the
risk of death, however, it remains uncertain to what
extent intravascular fibrin or coagulation proteases are
the critical factors in determining the clinical course,
rather than just the consequences of a more severe
systemic inflammatory response.

PATHOGENESIS

Recent studies in patients with disseminated intra-
vascular coagulation and in animal models have large-
ly clarified the pathogenetic pathways of the disor-
der. The systemic formation of fibrin results from
increased generation of thrombin, the simultancous
suppression of physiologic anticoagulation mecha-
nisms, and the delayed removal of fibrin as a conse-
quence of impaired fibrinolysis (Fig. 2).

As is true for almost all systemic inflammatory re-
sponses, the derangement of coagulation and fibri-
nolysis in disseminated intravascular coagulation is
mediated by several proinflammatory cytokines.26:27
The principal mediator of the activation of coagula-
tion appears to be interleukin-6. Tumor necrosis fac-
tor « indirectly influences the activation of coagula-
tion because of its effects on interleukin-6, and it is
the pivotal mediator of the dysregulation of the
physiologic anticoagulation pathways and the fibri-
nolytic defect.

Generation of Thrombin

Systemic generation of thrombin in animal models
of disseminated intravascular coagulation was shown
to be mediated exclusively by the extrinsic pathway
involving tissue factor and activated factor VIIa. In-
hibition of tissue factor or factor VIla totally sup-
pressed the endotoxin-induced generation of throm-
bin, whereas interference in the intrinsic pathway of
coagulation did not affect the activation of coagula-
tion.28-3% The exact source of tissue factor is not always
clear. Tissue factor may be expressed on mononuclear
cells in response to proinflammatory cytokines,?! but
the role of the expression of tissue factor on vascular
endothelial cells in disseminated intravascular coag-
ulation remains to be elucidated.
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Defects in Inhibitors of Coagulation

All major physiologic anticoagulants — antithrom-
bin III, protein C, and tissue factor—pathway inhib-
itor — appear to be affected in patients with dissem-
inated intravascular coagulation. Plasma levels of
antithrombin III, the most important inhibitor of
thrombin, are markedly reduced as a result of the
ongoing coagulation, degradation by elastase released
from activated neutrophils, and impaired synthesis of
antithrombin I11.2432

A marked impairment of the protein-C system
may further compromise the regulation of activated
coagulation. This reduction in the activity of the
protein-C system is caused by a combination of im-
paired protein synthesis, a cytokine-mediated decrease
in the activity of endothelial thrombomodulin, and
a decline in the level of the free fraction of protein S
(the essential cofactor of protein C).33:34

Tissue factor, the trigger of coagulation in dissem-
inated intravascular coagulation, is inhibited by tis-
sue factor—pathway inhibitor. Although no acquired
deficiency or functional defect of tissue factor—path-
way inhibitor has been identified in patients with
disseminated intravascular coagulation, there is evi-
dence that the inhibitor does not regulate tissue fac-
tor activity sufficiently in such patients.?3

Fibrinolytic Defect

Studies in animal models of disseminated intravas-
cular coagulation indicate that the fibrinolytic system
is largely suppressed at the time of maximal activa-
tion of coagulation. This inhibition is caused by a
sustained increase in the plasma level of plasminogen-
activator inhibitor type 1, the principal inhibitor of
the fibrinolytic system.2835 Clinical studies have con-
firmed that suppression of fibrinolysis is mediated
by plasminogen-activator inhibitor type 1 and show
that although there is some fibrinolytic activity in re-
sponse to the formation of fibrin, the level of this ac-
tivity is too low to counteract the systemic deposi-
tion of fibrin 610,36

DIAGNOSIS

There is no single laboratory test that can estab-
lish or rule out the diagnosis of disseminated intra-
vascular coagulation. However, a combination of test
results in a patient with a clinical condition known
to be associated with disseminated intravascular co-
agulation can be used to diagnose the disorder with
reasonable certainty in most cases.?” In clinical prac-
tice the disorder can be diagnosed on the basis of the
following findings: an underlying disecase known to
be associated with disseminated intravascular coagu-
lation; an initial platelet count of less than 100,000
per cubic millimeter or a rapid decline in the platelet
count; prolongation of clotting times, such as the
prothrombin time and the activated partial-throm-
boplastin time; the presence of fibrin-degradation
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Figure 2. Pathogenetic Pathways Involved in Disseminated Intravascular Coagulation.

In patients with disseminated intravascular coagulation, fibrin is formed as a result of the generation of thrombin mediated by tissue
factor. Tissue factor, expressed on the surface of activated mononuclear cells and endothelial cells, binds and activates factor VII.
The complex of tissue factor and factor Vlla can activate factor X directly (black arrows) or indirectly (white arrows) by means of
activated factor IX and factor VIII. Activated factor X, in combination with factor V, can convert prothrombin (factor Il) to thrombin
(factor Ila). Simultaneously, all three physiologic means of anticoagulation — antithrombin Ill, protein C, and tissue factor—pathway
inhibitor (TFPI) — are impaired. The resulting intravascular formation of fibrin is not balanced by adequate removal of fibrin because
endogenous fibrinolysis is suppressed by high plasma levels of plasminogen-activator inhibitor type 1 (PAI-1). The high levels of
PAI-1 inhibit plasminogen-activator activity and consequently reduce the rate of formation of plasmin. The combination of increased
formation of fibrin and inadequate removal of fibrin results in disseminated intravascular thrombosis. FDPs denotes fibrin-degra-

dation products.

products in plasma; and low plasma levels of coagu-
lation inhibitors, such as antithrombin III.

A low initial platelet count and, particularly, a
progressive drop in the platelet count are sensitive,
though not specific, signs of disseminated intravas-
cular coagulation and may indicate ongoing throm-
bin-induced activation and use of platelets. Pro-
longed clotting times may reflect the depletion of
coagulation factors, a possibility that can be substan-
tiated by the measurement of one or two selected
coagulation factors. Measurements of plasma coagu-
lation factors may reveal other coagulation abnormal-
ities, such as a deficiency of vitamin K.

Measurement of plasma fibrinogen has often been
advocated, but plasma fibrinogen levels may remain
in the normal range despite considerable coagulation
activity, because this protein is an acute-phase react-

ant. In fact, clinical studies have shown that a finding
of hypofibrinogenemia is useful diagnostically only in
very severe cases of disseminated intravascular coag-
ulation. Measurement of selected inhibitors of coag-
ulation, including antithrombin III or protein C, may
provide useful prognostic information.232 Tests for
fibrin-degradation products or D-dimers may be help-
ful to differentiate disseminated intravascular coagu-
lation from other conditions that are associated with
a low platelet count or prolonged clotting times.33
It may be difficult to differentiate between severe
liver disease and disseminated intravascular coagula-
tion, since the two disorders have the same character-
istic laboratory abnormalities. Circumstantial findings
such as portal hypertension, which is indicative of
liver disease, or an underlying condition known to be
associated with disseminated intravascular coagula-
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Figure 3. Blood Smear (Panel A) and Kidney-Biopsy Specimen (Panel B) from a Patient with Disseminated Intravascular

Coagulation.

In Panel A, the arrows indicate typical fragmented red cells (schistocytes). In Panel B, intravascular fibrin is present in
a small arteriole (arrow). Courtesy of Jan J. Weening, M.D., Amsterdam. (Panel A: hematoxylin and eosin, X500; Panel B:

Jones methenamine silver, X300.)

tion may help in differentiating the two disorders.
Also, the coagulation abnormalities resulting from
uncomplicated liver disease usually tend to be stable
rather than to worsen progressively. In patients with
disseminated intravascular coagulation, the blood
smear may contain schistocytes, and histologic analy-
sis of organ-biopsy tissue may reveal the deposition
of fibrin in small or midsize vessels (Fig. 3).

More specialized, but not generally available, lab-
oratory tests that are useful in the diagnosis of dis-
seminated intravascular coagulation include the meas-
urement of soluble fibrin and sensitive assays that
can measure the generation of thrombin, such as as-
says for the detection of prothrombin activation frag-
ment F,_, or thrombin—antithrombin complexes.3%40
The sensitivity and specificity of these assays for the
diagnosis of disseminated intravascular coagulation
range from 80 to 90 percent, but although they may
be helpful in complicated clinical situations, they are
usually not essential in general clinical practice.

MANAGEMENT

The cornerstone of the management of dissemi-
nated intravascular coagulation is the treatment of
the underlying disorder. Treatment of disseminated
intravascular coagulation without treatment of the
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underlying cause is predestined to fail. Supportive
measures may be necessary, although firm evidence
on which to base management is scarce, and there is
no consensus regarding the optimal treatment or sup-
portive strategy. A patient with disseminated intra-
vascular coagulation who has diffuse bleeding from
various sites at presentation will need different sup-
portive treatment from what is appropriate for a pa-
tient with thrombotic obstruction of the vasculature
and subsequent multiorgan failure.

Anticoagulants

Theoretically, interruption of coagulation should
be of benefit in patients with disseminated intravas-
cular coagulation. Indeed, experimental studies have
shown that heparin can partially inhibit the activa-
tion of coagulation in cases that are related to sepsis
or other causes. Adequate prophylaxis is also needed
to eliminate the risk of venous thromboembolism.
Heparin has been shown to have a beneficial effect
in small, uncontrolled studies of patients with dissem-
inated intravascular coagulation, but not in controlled
clinical trials.#142 Although the safety of heparin in
patients with disseminated intravascular coagulation
who are prone to bleeding has often been debated,
clinical studies have not shown that treatment with
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heparin significantly increased the incidence of bleed-
ing complications. Taken together, these findings sug-
gest that treatment with heparin is probably useful
in patients with disseminated intravascular coagula-
tion, particularly those with clinically overt thrombo-
embolism or extensive deposition of fibrin, as occurs
with purpura fulminans or acral ischemia. Patients
with disseminated intravascular coagulation are usual-
ly given relatively low doses of heparin (300 to 500 U
per hour) as a continuous infusion. Low-molecular-
weight heparin may also be used as an alternative to
unfractionated heparin.+?

Novel, antithrombin III-independent inhibitors
of thrombin, such as desirudin and related com-
pounds, might be more effective than heparin, and
experimental studies have had promising results.
However, there have not yet been any controlled
clinical trials of these drugs in patients with dissem-
inated intravascular coagulation, and the relatively
high risk of bleeding associated with the use of these
compounds may be a limiting factor.

Platelets and Plasma

Low levels of platelets and coagulation factors may
cause serious bleeding or may increase the risk of
bleeding in patients who require an invasive proce-
dure. In such patients, the efficacy of treatment with
platelet concentrate and plasma has clearly been
shown 114 There is no evidence to support the use
of prophylactic administration of platelets or plasma
to patients with disseminated intravascular coagula-
tion who are not bleeding and who are not at high
risk for bleeding. It may be necessary to administer
large volumes of plasma (up to 6 units per 24 hours)
to ameliorate or correct the coagulation defect. Treat-
ment with coagulation-factor concentrates may over-
come the need for large infusions of plasma, but
their use in patients with disseminated intravascular
coagulation is generally not advocated because the
concentrates may be contaminated with traces of ac-
tivated coagulation factors, which could exacerbate
the coagulation disorder. Also, these concentrates con-
tain only selected coagulation factors, whereas pa-
tients with disseminated intravascular coagulation
usually have a deficiency of all coagulation factors.

Concentrates of Coagulation Inhibitors

Restoration of physiologic pathways of anticoagu-
lation might be an appropriate aim of therapy. Anti-
thrombin III is one of the most important natural
inhibitors of coagulation, and patients with dissem-
inated intravascular coagulation almost invariably have
an acquired deficiency of antithrombin. The admin-
istration of this inhibitor in supraphysiologic concen-
trations reduced sepsis-related mortality in animals.2*
Several controlled clinical trials, mostly in patients
with sepsis or with septic shock, have shown benefi-
cial effects in terms of improvement of disseminated

intravascular coagulation and sometimes improvement
in organ function.*>*’ In the more recent trials, very
high doses of antithrombin III concentrate were used
(up to 150 percent of normal), and the favorable ef-
fect in these trials seems to be more distinct. Some
trials showed a modest reduction in mortality in pa-
tients treated with antithrombin III, but this effect
did not reach statistical significance.

A meta-analysis of the trials with adequate study
methods showed a reduction in mortality from 56
percent to 44 percent (odds ratio for death, 0.63; 95
percent confidence interval, 0.39 to 1.0).48 At present,
a large randomized, controlled multicenter trial with
supraphysiological dosing of antithrombin III in pa-
tients with sepsis is being conducted and the outcome
of this trial will help determine the place of antithrom-
bin III treatment in sepsis and disseminated intravas-
cular coagulation. In the meantime, antithrombin III
treatment may be considered as a supportive thera-
peutic option in patients with severe disseminated
intravascular coagulation, although the substantial
costs of this treatment may be a limiting factor.

Antifibrinolytic Agents

Antifibrinolytic treatment is effective in patients
with bleeding, but the use of these agents in patients
with disseminated intravascular coagulation is gener-
ally not recommended. Since the deposition of fibrin
in this disorder appears to be due in part to insuffi-
cient fibrinolysis, further inhibition of the fibrinolytic
system would not seem to be appropriate. A clear
exception might be made in the case of patients with
primary or secondary hyperfibrinolysis, such as those
with the coagulopathy associated with acute promy-
elocytic leukemia and some patients with dissemi-
nated intravascular coagulation in association with
cancer. In such patients, antifibrinolytic treatment has
controlled the coagulopathy.*

FUTURE THERAPEUTIC OPTIONS

A logical therapeutic intervention would be direct-
ed against tissue-factor activity. One such inhibitor,
recombinant nematode anticoagulant protein c2, a
potent and specific inhibitor of the complex formed
by tissue factor and factor VIIa with factor Xa, has
recently been developed and is currently being eval-
uated in a clinical study.5® Administration of recom-
binant tissue factor—pathway inhibitor may also block
tissue-factor activity in endotoxin-induced activation
of coagulation (de Jonge E, et al.: unpublished data).
This possibility is now being evaluated in clinical trials.

In view of the impairment of the protein-C system
in patients with disseminated intravascular coagula-
tion, supplementation with (activated) protein C may
be beneficial,?! as was true in an animal model of the
disorder.52 Adequately controlled clinical trials of
protein-C concentrates are currently being initiated
or are under way.
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