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INTRODUCTION

The coagulation system in the body consists of clotting 
and fibrinolytic mechanisms. The function of the former 
is to prevent excessive blood loss, whereas the latter is 
to ensure circulation within the vasculature. Following 
an insult, the activated coagulation cascade adequately 
balances the naturally occurring anti-coagulant 
systems and the fibrinolytic system (which generates 
plasmin) to maintain a normal circulation. In 
disseminated intravascular coagulopathy (DIC) like 
syndrome, there is widespread activation of the blood 
coagulation system leading to excessive generation 
and disseminated deposition of fibrin clots in small 
and midsize vessels, which alters the microcirculation 
leading to ischaemic necrosis in various organs 
particularly in kidney and lung resulting in organ 
failure.[1] There can be concomitant consumption of 
platelets and coagulation factors resulting in serious 
haemorrhagic complications which sometimes may be 

the most striking clinical presentation. Hence, a patient 
with DIC can present as thrombotic and bleeding 
problem simultaneously [Figure 1].

Disseminated intravascular coagulopathy should not be 
considered as a distinct disease entity but rather a sign 
of another disease. It has been associated with almost 
all life-threatening diseases. The clinical spectrum of 
DIC can range from a small decrease in platelet count 
and sub-clinical prolongation of prothrombin time (PT) 
and activated partial thromboplastin time (aPTT) to 
a fulminant DIC with widespread thrombosis and 
severe bleeding.[1] Any tissue insult sufficient enough 
to release tissue products or toxins into the circulation 
can result in DIC. This review will focus on definition, 
aetio-pathogenesis, diagnosis and management of DIC.

DEFINITION

A widely accepted definition put forward by 
the subcommittee on DIC of the Scientific and 
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ABSTRACT

Disseminated intravascular coagulation (DIC) is a reflection of an underlying systemic disorder 
which affects the coagulation system, simultaneously resulting in pro-coagulant activation, 
fibrinolytic activation, and consumption coagulopathy and finally may result in organ dysfunction and 
death. Though septicaemia is the most common cause of DIC, several other conditions can also 
lead to it. A diagnosis of DIC should be made only in the presence of a causative factor supported 
by repeated laboratory tests for coagulation profile and clotting factors. An effective scoring system 
helps to detect an overt DIC and a high score closely correlates with mortality. Treatment of DIC is 
aimed at combating the underlying disorder followed by supportive management. Low molecular 
weight heparin is advocated in special situations whereas anti-thrombin III and activated protein 
C are of doubtful value. Early diagnosis and prompt treatment backed by laboratory support can 
reduce the morbidity and mortality associated with it. The methodology of search for this review 
article involved hand search from text books and internet search using Medline (via PubMed) 
using key words DIC, thrombosis, fibrin degradation products, anti‑thrombin and tissue factor for 
the last 25 years and also recent evidence-based reviews.
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Standardisation Committee of the International 
Society on Thrombosis and Haemostasis (ISTH) is as 
follows: DIC is an acquired syndrome characterised by 
the intravascular activation of coagulation with loss of 
localisation arising from different causes. It can originate 
from and cause damage to the microvasculature, which 
if sufficiently severe, can produce organ dysfunction.[2]

AETIO‑PATHOGENESIS OF DISSEMINATED 
INTRAVASCULAR COAGULOPATHY

DIC occurs secondary to a clinical disorder which 
provides a key for appropriate investigation and 
management. The clinical spectrum includes sepsis, 
trauma, malignancy, liver disease, obstetric disorders, 
envenomation, vascular anomalies and major 
transfusion reactions [Table 1]. The pathogenesis may 
follow either or both of the following pathways:
a. As a part of systemic inflammatory response, 

there is activation of cytokine network and 
thereby coagulation system as in sepsis or 
polytrauma and/or

b. Release of pro-coagulant material to the blood 
stream as in malignancies or obstetrical cases.

Bacterial septicaemia accounts for the major cause 
of DIC which may be due to either cell membrane 
components of the microorganism or bacterial 
exotoxins.[3] In severe trauma, release of phospholipids 
and fat (major fractures) into the circulation can 
cause haemolysis, endothelial damage and activation 
of the coagulation cascade.[4] Solid tumours and 
haematological malignancies particularly acute 
pro-myelocytic leukaemia and some forms of prostatic 
cancer are associated with DIC.[5] Tumour cells can 
produce various pro-coagulant molecules including 
tissue factor and a cancer pro-coagulant, which is a 
cysteine protease with factor X activating properties.[6] 
Compared to sepsis and trauma, DIC in cancer is found 
to have a less fulminant presentation. A more chronic 
and gradual systemic activation of coagulation leads 
to sub-clinical progression and finally bleeding at the 
site of the tumour. Acute obstetric complications such 
as abruptio placentae, amniotic fluid embolism, rarely 
pre-eclampsia and intrauterine death of the foetus 
can also lead to DIC. Release of thromboplastin-like 
material in abruptio placentae is the causative factor 
which correlates with the degree of separation. 
Aortic aneurysms and cavernous haemangiomas 
may promote DIC by producing vascular stasis or 
local activation of coagulation system; whereas snake 

Figure 1: The clinical picture of disseminated intravascular 
coagulation

Table 1: Conditions associated with DIC
Causative factor Organisms/conditions attributable to DIC
Infections Bacterial ‑ Sepsis by Gram‑negative bacilli, 

Gram‑positive cocci
Viral ‑ CMV, HIV, hepatitis, dengue
Fungal ‑ Invasive pulmonary aspergillosis
Parasitic ‑ Malaria, leptospirosis
Rickettsial

Malignancy Solid tumours ‑ Adenocarcinoma of pancreas, 
prostate
Haematological ‑ AML‑M3

Obstetric Amniotic fluid embolism
Abruptio placentae
Preeclampsia
Dead foetus syndrome
Retained products of placenta

Toxic and 
immunological 
insults

Viper snake bites
Massive transfusion
ABO transfusion incompatibility
Graft versus host disease

Massive 
inflammation

Severe trauma, crush injuries, massive burns, 
severe hypo‑hyperthermia, severe pancreatitis, 
gunshot brain injury

Vascular 
disorders

Aortic aneurysms
Giant haemangiomas 
(Kasabach‑Merritt syndrome)

Liver diseases Fulminant hepatic failure, fatty liver of pregnancy
CMV – Cytomegalovirus; HIV – Human immunodeficiency virus; 
DIC – Disseminated intravascular coagulopathy; AML‑M3 – Acute 
pro‑myelocytic leukaemia
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bites cause exogenous toxins induced DIC. Though 
microangiopathic haemolytic anaemia can mimic DIC 
clinically, it can be differentiated from it by normal PT 
and aPTT which are usually prolonged in DIC.

Several mechanisms occurring simultaneously play 
an effective role in the development of DIC. Excess 
thrombin generation, as a result of bacteraemia or 
endotoxaemia, is insufficiently balanced by impaired 
anti-coagulant systems such as anti-thrombin and 
protein C. This results in excess fibrin generation and 
deposition in the vascular system. In the early phase 
of DIC, plasmin (naturally occurring fibrinolytic agent) 
produced by the activation of plasminogen activators 
from the endothelial cells causes fibrinolysis to 
maintain circulation. But, its effect is immediately 
offset by high circulating levels of plasminogen 
activator inhibitor-1, a fibrinolytic inhibitor. Bleeding 
manifestation, seen in some forms of DIC, is due to the 
excess fibrinolytic activity.

There are three major natural anti-coagulants in the 
vascular system. They are anti-thrombin III, protein C 
and the tissue factor pathway inhibitor (TFPI). Studies 
have shown that thrombin generation in DIC is tissue 
factor driven (tissue factor/factor VIIa) with intrinsic 
pathway playing a minor role.[7,8] Anti-thrombin III 
is the most important inhibitor of thrombin in the 
coagulation cascade. Markedly reduced concentration 
of this factor in sepsis has been implicated in 
the pathogenesis of DIC and organ dysfunction.[9] 
Impairment of protein C pathway is mainly caused 
by down-regulation of thrombomodulin expression 
on endothelial cells by pro-inflammatory cytokines 
like tumour necrosis factor-alpha and interleukin-I 
beta.[10,11] This has been confirmed in meningococcal 
sepsis also.[12] Pro-inflammatory cytokines along with 
low levels of zymogen protein C leads to reduced 
protein C activation resulting in a pro-coagulant state. 
TFPI is the third significant inhibitor of coagulation 
and studies have shown that pharmacological doses 
of TFPI can reduce the mortality associated with 
systemic infection and inflammation.[13]

DIAGNOSIS OF DISSEMINATED INTRAVASCULAR 
COAGULOPATHY

A diagnosis of DIC should be made only in the presence 
of a clinical condition (causative factor) supported by 
relevant laboratory results. A combination of tests 
when repeated in a patient with a clinical condition 
known to be associated with DIC can be used for the 

diagnosis with a reasonable certainty.[14,15] Degree of 
coagulation factor consumption and activation can 
be screened by tests such as PT and aPTT or platelet 
count. A measurement of D-dimer levels in blood 
can be assayed which provides an indirect measure 
of fibrin formation. The laboratory abnormalities 
reported in DIC listed in the decreasing order of 
frequency are thrombocytopenia, elevated fibrin 
degradation products (FDPs), prolonged PT, aPTT and 
a low fibrinogen.[16] In early DIC, the platelet count and 
fibrinogen levels may remain within the normal range, 
albeit reduced from baseline levels.

THROMBOCYTOPENIA

Low platelets or a rapidly progressing thrombocytopenia 
is a key finding in DIC. Moderate (<1 lakh/mm3) to 
severe thrombocytopenia (<50,000/mm3) is seen in 
majority of patients and those with <50,000 have a 4-5 
fold increased haemorrhagic complications compared 
to those with normal count. It is a sensitive but not 
a specific sign of DIC. Thrombocytopenia is seen in 
about 98% of cases, with <50,000/mm3 in about half 
the cases. It correlates well with thrombin generation 
as thrombin-induced platelet aggregation is mainly 
responsible for its consumption.[17] A declining trend 
rather than a single value is most indicative of DIC. At 
the same time, it should be remembered that a declining 
trend is not very specific for DIC because conditions 
associated with DIC such as acute leukaemia and 
sepsis can also have thrombocytopenia in the absence 
of DIC. At the same time, a stable platelet count is an 
indirect measure to suggest that thrombin formation 
has stopped.[17]

FIBRIN DEGRADATION PRODUCTS AND D‑DIMERS

Fibrin degradation product is a measure of increased 
fibrinolytic activity which is also increased in DIC. 
New assays have developed which specifically detects 
the neo-antigens on degraded cross-linked fibrin called 
the D-dimer. Its level is also found to the elevated 
in conditions like trauma, recent surgery or venous 
thromboembolism and hence not a specific test for 
DIC. It can also be raised in liver and renal impairment 
as a result of its impaired metabolism and excretion.[18] 
Hence, it is of value when associated with a declining 
platelet count and prolonged PT and aPTT. Though 
much debate is underway regarding the cut-off level of 
D-dimer, clinician’s experience, available circumstance 
and other supportive laboratory values are crucial to 
the diagnosis of DIC. Soluble fibrin monomer offers a 
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theoretical advantage over FDP in the diagnosis of DIC 
as it is produced only intravascularly and not found 
rose in local inflammation and trauma. Though it has 
a high sensitivity (90-100%), the specificity is very 
low. However, its incorporation into the ISTH scoring 
system instead of D-dimer, can improve the specificity 
of diagnosing DIC.

PROTHROMBIN TIME AND ACTIVATED PARTIAL 
THROMBOPLASTIN TIME

Both PT and aPTT seem prolonged in about 50% of 
DIC cases which is attributed to the consumption 
of coagulation factors but can also be prolonged 
in impaired synthesis of coagulation factors and 
in massive bleeding.[19] At the same time, at least in 
half the patients with DIC, PT and aPTT are found 
normal or shortened due to the presence of circulating 
activated clotting factors like thrombin or Xa. Thus, a 
normal PT or aPTT do not exclude DIC and repeated 
monitoring is required.

FIBRINOGEN

Fibrinogen is an acute phase reactant and its plasma 
level can remain elevated for prolonged periods 
despite ongoing consumption in DIC. Hence, 
hypofibrinogenaemia for diagnosis of DIC carries 
very low sensitivity and was associated only with 
severe forms of DIC.[14] Fibrinogen level can be 
normal in nearly half the patients, and hence, serial 
measurements are indicated.

More recently, an atypical light transmittance profile 
on the aPTT has been found to be associated with 
DIC. This biphasic waveform abnormality occurs 
independently of prolonged clotting times and studies 
show it to be a simple, rapid and robust indicator of 
DIC.[20,21] It also carries a high positive predictive value 
for DIC with increasing waveform abnormality.[20]

SCORING SYSTEM

The ISTH subcommittee has recommended a scoring 
system for overt DIC.[2] It is a five step diagnostic 
algorithm to calculate a DIC score based on simple 
laboratory results [Table 2]. For a diagnosis of overt 
DIC, a score of 5 or more from four parameters 
are required and was found to be sensitive to both 
infective and non-infective causes of DIC.[21] The 
score has a sensitivity of 91% and specificity of 
97% and there exists a strong correlation between 

increasing DIC score and mortality. For each DIC 
point, increases in the odds of mortality of 1.25-1.29 
have been demonstrated.[22] Several other studies have 
also confirmed the scoring algorithm as independent 
predictor of mortality.[23,24] They also showed that 
patients with sepsis and DIC have a higher mortality of 
43% as compared with 27% in patients without DIC. 
Moreover, this scoring system has added prognostic 
value in better predicting mortality than the Acute 
Physiology and Chronic Health Evaluation (APACHE) 
II score as evidenced by an increase in odds ratio in 
the ISTH scoring.[25]

DIFFERENTIAL DIAGNOSIS OF DISSEMINATED 
INTRAVASCULAR COAGULOPATHY

Differential diagnosis of DIC includes:
1. Massive blood loss
2. Thrombotic microangiopathy
3. Heparin-induced thrombocytopenia
4. Vitamin K deficiency
5. Liver insufficiency.

Additional diagnostic clues are helpful in 
differentiating it from DIC [Table 3].

TREATMENT

Key factor in DIC management is the proper treatment 
of the underlying cause and that may itself revert 
or prevent the development of DIC. But sometimes 
additional supportive treatment aimed at correction 
of coagulation abnormalities may be required. Blood 
component therapy should never be instituted on 

Table 2: Diagnostic algorithm for DIC, proposed by ISTH
Assess the risk of DIC
1.  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

2.  Order global coagulation tests 
(PT, platelet count, fibrinogen, fibrin related marker)

3.  Score the test results
 Platelet count (>100×109/1=0, <100×109/1=1, <50×109/1=2)
  Elevated fibrin marker (e.g., D‑dimer, fibrin degradation products) 
(no increase=0, moderate increase=2, strong increase=3)

 Prolonged PT (<3 s=0, >3 but <6 s=1, >6 s=2)
 Fibrinogen level (>1 g/1=0, <1 g/1=1)

4. Add the score together
5. Analyse the final score

 >5 compatible with overt DIC: Repeat score daily
 <5 suggestive for non‑overt DIC: Repeat next 1–2 d

*(Disseminated intravascular coagulopathy; ISTH – International Society on 
Thrombosis and Haemostasis; PT – Prothrombin time



Venugopal: Disseminated intravascular coagulation

607Indian Journal of Anaesthesia | Vol. 58 | Issue 5 | Sep-Oct 2014

the basis of laboratory results alone, but reserved for 
patients with active bleeding or scheduled for surgery 
or an intervention associated with bleeding or those at 
risk of haemorrhagic events.[26] In DIC, platelet is given 
if there is bleeding with a count <50,000/cu.mm or in 
post-operative case, or requiring an invasive procedure 
or surgery.[27] In non-bleeding patients, transfusion may 
be started if count is <20,000/cu.mm. Fresh frozen 
plasma may be required to correct the coagulation 
defect. An initial dote of 15 ml/kg to start with and 
may require up to 30 ml/kg for a complete correction of 
coagulation factors.[26] Severe hypofibrinogenaemia (<1 
g/l) that persists despite FFP replacement may be 
treated with purified fibrinogen concentrate or 
cryoprecipitate with a goal to keep fibrinogen level 
above 1 g/l. A dose of 3 g would raise plasma fibrinogen 
by around 1 g/l. This can be given as approximately 4 
units of FFP, 2 cryoprecipitate pools (10 donor units) 
or as 3 g of a fibrinogen concentrate.[26] The aim was to 
bring PT and aPTT to <1.5 times the normal. Packed 
red cells may be given to maintain the haemoglobin >8 
g/dl to ensure adequate oxygen delivery to the tissues. 
The response to therapy should be closely monitored 
clinically and by repeated tests. Role of recombinant 
factor VIIa in patient with DIC and life-threatening 
bleeding is doubtful.[26]

Anti-coagulant therapy with heparin is still debatable. 
It is generally accepted that heparin is advantageous 
in DIC due to metastasized malignancies, purpura 

fulminans and major vascular abnormalities.[28] It is 
also effective for the treatment of thrombosis or embolic 
complications in patient with low grade sustained 
DIC. The guideline also advocates the administration 
of low molecular weight heparin prophylaxis for the 
prevention of venous thrombosis in intensive care 
unit (ICU) patients.[26] Recently, a recombinant human 
soluble thrombomodulin is found to be a promising 
drug in DIC.[29] Role of anti-thrombin concentrate is 
yet to be proved and the role of activated protein C 
is gaining importance as it is found to be beneficial 
in patients with severe sepsis and organ failures. 
Tranexamic acid (1 g every 8 h) may be useful in 
patients with DIC having hyper-fibrinolysis with 
severe bleeding.

SUMMARY

Though a complex clinical syndrome affecting the 
circulatory system, DIC can be diagnosed now with 
the help of laboratory tests and the international 
scoring system which makes it simple with strong 
prognostic power. Irrespective of the cause, pathways 
involved in DIC are the tissue factor mediated 
thrombin generation; impaired natural anti-coagulant 
system and inhibition of endogenous fibrinolysis. 
Treatment is aimed at management of the underlying 
cause; correction of coagulation abnormalities and 
other supportive measures in an ICU. Newer insight 
into the pathophysiology of DIC has resulted in its 
management by inhibiting the initiation or propagation 
of fibrin formation or regulation of coagulation 
activation. Sophisticated assays on coagulation 
factors or molecular biomarkers of DIC may help 
in early detection but the availability is limited to 
higher laboratories or centres and needs more clinical 
evaluation for their use. Early recognition of the 
causative factor, specific treatment aimed against it, 
repeated laboratory tests and monitoring of specific 
treatment is the backbone in the management of DIC.
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