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Systemic activation of coagulation may occur in the context of

a variety of clinical situations. This coagulation activation may

only be detectable by measuring sensitive molecular markers

for activation of coagulation factors and pathways, but can

become clinically manifest as changes in routine coagulation

tests may occur [1]. The spectrum of clinically manifest

coagulation activation ranges from a small decrease in platelet

count and sub-clinical prolongation of global clotting times to

its most extreme form, for example fulminant disseminated

intravascular coagulation (DIC), characterized by gross labo-

ratory abnormalities and simultaneous widespread microvas-

cular thrombosis and profuse bleeding from various sites [2,3].

DIC is not a disease or a symptom but a syndrome, which is

always secondary to an underlying disorder. Although these

conditions may be very different, the pathogenesis of DIC

seems to follow similar lines. Briefly, intravascular fibrin

deposition is a result of tissue factor-mediated thrombin

generation that is insufficiently balanced by dysfunctional

physiologic anticoagulant mechanisms, such as the antithrom-

bin system and the protein C system [4]. In addition to

enhanced fibrin formation, fibrin removal is impaired as a

result of depression of the fibrinolytic system caused by high

circulating levels of the fibrinolytic inhibitor PAI-1.

The traditional list of underlying diseases known to be

associated with DIC includes infectious diseases, systemic

inflammatory conditions, trauma and cancer, obstetrical com-

plications and severe toxical and immunological reactions [3].

In this issue of the Journal of Thrombosis and Haemostasis,

Leitner et al. [5] propose to add a new diagnosis to that list.

They report on a series of 113 patients with massive pulmonary

embolism, serious enough to require cardiopulmonary resus-

citation. These patients had a prolonged prothrombin time,

lower platelet count and reduced antithrombin levels as

compared with subjects with pulmonary embolism that did

not need cardiopulmonary resuscitation. Nine percent of the

patients that needed resuscitation had DIC, according to the

criteria of the International Society of Thrombosis and

Hemostasis [6]. Based on these findings, the authors conclude

that massive pulmonary embolism could be an eliciting factor

for DIC. While this could indeed be the case, an alternative

explanation might also be proposed: cardiopulmonary collapse

and resuscitation as a consequence of the embolus rather than

the pulmonary embolism itself could be responsible for the

activation of coagulation. Indeed, several studies have indi-

cated that patients with (out of hospital) cardiac arrest display

signs of intravascular coagulation activation and subsequent

fibrin deposition [7]. The mechanism underlying this wide-

spread coagulation activation may be a systemic inflammatory

response as a result of ischemia reperfusion in patients with

circulatory arrest and/or hypoxia [8]. Studies in patients during

and after cardiopulmonary arrest have shown enhanced tissue

factor expression in combination with reduced tissue factor

pathway inhibitor [9]. In addition, this activation of coagula-

tion and fibrin formation is insufficiently balanced by endog-

enous fibrin removal, as a result of high levels of PAI-1 [10,11].

Indeed, both mechanisms are crucial in the pathogenesis of

DIC. Contradictory to the hypothesis that the resuscitation per

se is responsible for the systemic coagulation activation Leitner

et al. has shown that patients that were resuscitated for reasons

other than pulmonary embolism (i.e. resuscitation as a result of

primary cardiac causes) had a markedly less intense activation

of coagulation than patients with pulmonary embolism.Hence,
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it is likely that a pulmonary clot itself may contribute to the

coagulopathy. Following that conclusion, it may be suggested

that the presence of a large intravascular thrombus in the

pulmonary circulation may result in insufficiently contained

thrombin generation at the clot surface and overflow of active

coagulation factors into the systemic circulation. In that case,

extended intravascular coagulation may be a better term than

disseminated intravascular coagulation. Similarly, large aortic

aneurysms with clots in the false lumen or large arteriovascular

malformations have been associated with a consumption

coagulopathy mimicking DIC [12–15].

Another interesting finding of Leitner et al. is the predictive

value of theDIC score formortality in patients with pulmonary

embolism. This is in complete agreement with the prognostic

utility of theDIC score inmany other clinical situations [16,17].

Surprisingly, there was also a strong correlation between the

DIC score and in-hospitalmortality in patients with pulmonary

embolism who did not require resuscitation. This may be a

useful observation as this scoring system may be used to select

patients that need more intensive monitoring and treatment

compared with the standard management of pulmonary

embolism. For example, the use of thrombolytic treatment,

in most institutions reserved for patients who present with

pulmonary embolism complicated by severe cardiopulmonary

insufficiency, may result in a better outcome in these high-risk

patients. Obviously, the efficacy of such an approach defini-

tively needs prospective validation in a sound clinical trial,

which should also address the safety of more intense anti-

thrombotic strategies in patients with an overt coagulopathy.

In conclusion, based on the present findings massive

pulmonary embolism in combination with cardiopulmonary

resuscitation can be associated with DIC. The presence of DIC

seems to be related to an adverse outcome after pulmonary

embolism, also in patients that do not need resuscitation. These

findings may be helpful in developing more tailored manage-

ment strategies in patients that present with pulmonary

embolism.

Disclosure of Conflict of Interests

The author states that he has no conflict of interest.

References

1 Bauer KA, Rosenberg RD. The pathophysiology of the prethrombotic

state in humans: insights gained from studies using markers of

hemostatic system activation. Blood 1987; 70: 343–50.

2 Levi M, ten Cate H. Disseminated intravascular coagulation.NEngl J

Med 1999; 341: 586–92.

3 Levi M. Current understanding of disseminated intravascular coagu-

lation. Br J Haematol 2004; 124: 567–76.

4 Levi M, Schouten M, van der Poll T. Sepsis, coagulation, and anti-

thrombin: old lessons and new insights. Semin Thromb Hemost 2008;

34: 742–6.

5 Leitner JM, Jilma B, Spiel AO, Sterz F, Laggner AN, Janata K.

Massive pulmonary embolism leading to cardiac arrest is associated

with consumptive coagulopathy presenting as disseminated intra-

vascular coagulation. J Thromb Haemost 2010; 8: 1477–82.

6 Taylor FBJ, Toh CH, Hoots WK, Wada H, Levi M. Towards defi-

nition, clinical and laboratory criteria, and a scoring system for dis-

seminated intravascular coagulation.ThrombHaemost 2001; 86: 1327–

30.

7 Gando S, Kameue T, Nanzaki S, Nakanishi Y. Massive fibrin for-

mation with consecutive impairment of fibrinolysis in patients with

out-of-hospital cardiac arrest. Thromb Haemost 1997; 77: 278–82.

8 Bottiger BW, Motsch J, Braun V, Martin E, Kirschfink M. Marked

activation of complement and leukocytes and an increase in the con-

centrations of soluble endothelial adhesion molecules during cardio-

pulmonary resuscitation and early reperfusion after cardiac arrest in

humans. Crit Care Med 2002; 30: 2473–80.

9 Gando S, Nanzaki S, Morimoto Y, Kobayashi S, Kemmotsu O.

Tissue factor and tissue factor pathway inhibitor levels during and after

cardiopulmonary resuscitation. Thromb Res 1999; 96: 107–13.

10 Bottiger BW, Motsch J, Bohrer H, Boker T, Aulmann M, Nawroth

PP, Martin E. Activation of blood coagulation after cardiac arrest is

not balanced adequately by activation of endogenous fibrinolysis.

Circulation 1995; 92: 2572–8.

11 Geppert A, Zorn G, le-Karth G, Heinz G, Maurer G, Siostrzonek P,

Huber K. Plasminogen activator inhibitor type 1 and outcome after

successful cardiopulmonary resuscitation. Crit Care Med 2001; 29:

1670–7.

12 Sakakibara Y, Takeda T, Hori M, Mitsui T, Ijima H. Disseminated

intravascular coagulation in aortic aneurysms: assessment of con-

sumption site using labeled-platelet scintigraphy. Thorac Cardiovasc

Surg 1999; 47: 162–5.

13 AboulafiaDM, Aboulafia ED. Aortic aneurysm-induced disseminated

intravascular coagulation. Ann Vasc Surg 1996; 10: 396–405.

14 Gibney EJ, Bouchier-Hayes D. Coagulopathy and abdominal aortic

aneurysm. Eur J Vasc Surg 1990; 4: 557–62.

15 Mazoyer E, Enjolras O, Laurian C, Houdart E, Drouet L. Coagula-

tion abnormalities associated with extensive venous malformations of

the limbs: differentiation from Kasabach-Merritt syndrome. Clin Lab

Haematol 2002; 24: 243–51.

16 Bakhtiari K,Meijers JC, de Jonge E, LeviM. Prospective validation of

the international society of thrombosis and maemostasis scoring sys-

tem for disseminated intravascular coagulation. Crit Care Med 2004;

32: 2416–21.

17 Toh CH, Hoots WK. The scoring system of the Scientific and Stan-

dardisation Committee on Disseminated Intravascular Coagulation of

the International Society on Thrombosis and Haemostasis: a five year

overview. J Thromb Haemost 2007; 5: 604–6.

1476 M. Levi

� 2010 International Society on Thrombosis and Haemostasis


