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Preface 
 

 

Disseminated Intravascular Coagulation is a devastating syndrome 

characterized by the systemic activation of widespread activation of the 

coagulation cascade and thrombosis, which may result in severe bleeding and 

may lead to organ failure. Recent studies have shown that the incidence of 

DIC is decreasing, especially in men. Despite the improvements in health care 

delivery, the morbidity and mortality due to DIC remains very high. Early 

diagnosis and accurate prognosis are important in improving the outcomes of 

patients with DIC.  

However, there is a lack of a gold standard diagnostic test to diagnose DIC 

and there is a scarcity of treatment or management strategies. Therefore, an 

understanding of the pathophysiology, ability to diagnose the DIC syndrome 

and to treat early, is the key. This book provides an important timely update on 

the clinical manifestations, important risk factors, and treatment strategies for 

DIC, and provides in-depth information on pathophysiological aspects and 

various diagnostic scores used to diagnose DIC. Furthermore, we focused on 

certain important factors related to DIC such as Sepsis, chronic DIC in cancer 

patients, coagulopathy of liver disorders vs DIC, and DIC in urological 

malignancies.  

In addition, this book provides evidence from an important study 

determining the predictors influencing the hospital mortality rates of the 

critically ill patients with DIC. This book offers a wide scope of information 

for physicians in all fields, whether they are intensivists, primary care 

physicians or oncologists, this will be an important source for identifying the 

DIC syndrome early, and the appropriate steps to improve patient outcomes 

will be taken sooner.  
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Abstract 
 

Disseminated intravascular coagulation is a disorder found to be 

associated with a number of underlying predisposing factors. It has come 

to be known by various names such as consumption coagulopathy, 

defibrination among various others. DIC; however, is the most widely 

used and accepted. The grave prognosis of DIC warrants an early 
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diagnosis and prompt management. To achieve this, clinicians should 

have in-depth knowledge of underlying predisposing factors, clinical 

features and laboratory diagnostic protocols. The present chapter will 

focus mainly on the clinical features which are very variable, ranging 

from severe hemorrhagic manifestation in acute cases of DIC to sub-

clinical thrombotic episode in patients suffering from chronic DIC.  

 

Keywords: Disseminated Intravascular coagulation, consumptioncoagulo-

pathy, Waterhouse-Friderichsen syndrome, Trousseau syndrome 

 

 

Introduction 
 

Disseminated Intravascular Coagulation (DIC) is an acquired syndrome, 

associated with various underlying disorders such as sepsis, malignancy, 

haematological disorders, trauma and obstetric conditions [1-3]. In an acute 

setting it is a potentially fatal and rapidly progressive disorder, mandating a 

prompt diagnosis and rapid treatment; whereas, at the same time in a sub-acute 

or chronic setting it has a very indolent course and often may be overlooked 

due to normal or near normal hematological and coagulation profile. This 

condition is associated with widespread activation of coagulation system 

leading to multiple organ dysfunction syndrome (MODS) which is either 

ischaemic or inflammatory in origin [4]. This condition is associated with 

combination of both thrombosis and hemorrhage, and due to its potentially 

fatal nature it has also been referred as ―Malignant syndrome.‖ [5]  

DIC is never a primary disorder and is almost always associated with an 

underlying condition the details of which have been discussed in a different 

chapter. DIC tends to occur in about 1% of all the hospital admission [6]. The 

main symptoms of bleeding and thrombosis and the consequences thereof 

depends on the underlying cause and the rapidity with which it progresses. 

There are two main clinical forms which have been described: acute and 

chronic; although, a lot of overlap exists between these two entities. We will 

initially be concentrating upon two clinical forms of DIC: acute and chronic . 

One should always remember that it is the underlying process which 

dominates the clinical presentation in most of the acute DIC cases.In cases of 

chronic DIC the initial presentation may not be of the underlying 

disorder.Thrombosis involving both arteries and veins have often been 

observed in these patients.  
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The clinical manifestation is variable, with symptoms arising either due to 

hypercoagulable state or hemorrhagic tendency. The clinical course of the 

patient suffering from DIC can be further subdivided into [7]: 

 

1) Stage of hypercoagulability. 

2) Stage of exhaustion (Consumption coagulopathy) 

3) Hyperfibrinolysis. 

 

 

Acute DIC 
 

Acute DIC has fulminant course, developing in conditions which are 

associated with massive release of tissue factor leading to explosive generation 

of thrombin. The fulminant nature of acute DIC is because the consumption 

coagulopathy is way ahead of the capacity of the liver to synthesize 

coagulation factors, and bone marrow to produce platelets. This leads to 

massive bleeding tendency, which is potentially lethal and evolves over period 

of hours to days. The common conditions associated with acute DIC are 

sepsis, trauma, shock, peri-operative states, certain obstetric conditions and 

should always be regarded and treated as medical emergency 

 

 

Chronic DIC 
 

Chronic DIC usually runs an indolent and subtle course and takes months 

to progress. The laboratory parameters used to diagnose acute DIC may be 

normal or near normal in these clinical scenarios. Chronic DIC arises due to 

presence of chronic low grade persistent stimulation of intravascular 

coagulation as observed in cases such as retained dead fetus, subdural 

hematoma [8, 9], post-biopsy renal hematoma [10], carcinomatosis, aortic 

aneurysm, giant haemangiomas [11]. Rarely chronic DIC has also shown to 

manifest itself as a renal mass mimicking Wilm‘s tumour [12]. In these 

conditions the counter regulatory mechanism of the body is effective to 

prevent the rapid progression of disease as a result of which the laboratory 

values are not diagnostic as in cases of acute DIC. Malignancy is often 

associated with chronic DIC, but certain malignancies like acute 

promyelocytic leukemia (APL) may lead to acute DIC. 
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Table 1. Enumerates important differentiating point between both acute 

and chronic DIC 
 

 Acute DIC Chronic DIC 

Etiology Septicemia (Gram positive, 

negative, viral, fungal, 

protozoal, e.t.c.), acute 

obstetric complications, acute 

tissue injury 

Malignancies, connective 

tissue disorders, chronic 

infections, haemangioma, 

retained dead fetus 

Clinical course Hours to days Months 

Clinical 

features  

External and internal bleeding, 

easy bruisabiity, Ischemia 

infarction and inflammation 

leading to MODS 

Superficial and Deep vein 

thrombosis, Trousseau 

syndrome among few notable 

ones 

Laboratory 

parameters 

Prothrombin time (PT), 

activated partial 

thromboplastin time, D-Dimer, 

Thrombin time, fibrinogen 

level, fibrinogen degradation 

products along with the 

presence of fragmented red 

cells in the peripheral smear is 

sufficient enough to make a 

diagnosis. 

They may be normal to near 

normal 

 

Table 2 enumerates the common symptoms which a patient suffering from 

DIC may have [13].  
 

Table 2. Common clinical manifestation of DIC 
 

Symptom Incidence (%) 

Bleeding 64 

Renal Dysfunction 25 

Hepatic dysfunction 19 

Pulmonary Manifestation 16 

Shock  14 

Thrombosis 7 

Neurological impairment 2 
 

We will now be discussing the common symptoms observed in patients 

suffering from DIC. 
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Bleeding 

 

Bleeding manifestation in DICis variable, and may range from small 

petechiae to massive internal or external bleeding. External bleeding can be in 

the form of persistent oozing from cannulation, surgical or tissue injury sites. 

Internal bleeding can be within the serous cavities of the body or in the form 

of intra-cranial hemorrhage. Patients having bleeding manifestations due to 

DIC usually have grave prognosis, and the body, often cannot compensate for 

this stage of consumptive coagulopathy. This clinical course has often been 

referred to as ―Overt syndrome/DIC.‖ [7] Patient may start to have hematuria, 

and in cases of bleeding into gastrointestinal tract the patients may have black 

tarry stools, blood in nasogastric tube, hematemesis, abdominal pain and 

distension along with absent or hyper-active bowel sounds. Black tarry stool 

occurring in these patients have also been implicated to extensive necrosis of 

the colon known as ―terminal hemorrhagic necrotizing enteropathy.‖ [14] 

Focal neurological deficits should raise the suspicion towards possible 

intracranial hemorrhage in susceptible individuals. Patients with chronic DIC 

usually exhibit minor skin and mucosal bleeding.  

Profuse bleeding from three different sites which may be unrelated is not 

uncommon especially in acute form of DIC. 

 

 

Renal Dysfunction 

 

Kidneys are one of the commonest organ system affected. Renal faiure 

and the consequent complications have been reported in the literature in 

established cases of DIC. Renal failure; however, presenting as a sign of DIC 

is extremely rare [15]. The possible mechanism of renal injury in patients 

suffering from DIC is microthombus formation in afferent arterioles and 

lumina of glomerular capillary. Complete blockage of these afferent arterioles 

often leads to ―Bloodless Glomeruli.‖ Other possible mechanism of renal 

dysfunction in these patients is secondary to circulatory collapse, which leads 

to renal hypo-perfusion, acute tubular necrosis (ATN) and acute renal failure 

(ARF) [16]. 
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Hepatic Dysfunction 

 

Liver is the seat of coagulation factor synthesis. Hepatic dysfunction and 

DIC are closely inter-related. Mechanism of hepatic dysfunction in patients 

suffering from DIC is essentially the same, i.e., microvasular thrombosis in 

small and medium sized vessels involving both arteries and veins. Marked 

elevation of serum bilirubin and hepatic enzymes is a sign of multiple thrombi 

in the liver [14]. Other possible causes of hepatocellular injury in these 

patients are sepsis and circulatory collapse. Thrombotic events as observed in 

DIC and other diseases is seen to occur mainly in portal and mesentric veins 

[17]. DIC and decompensated cirrhosis usually have similar coagulation 

abnormality [17]; however, with the availability of newer diagnostic tools like 

prothrombin fragment F1+2 fibrinopeptide A, soluble fibrin, D-Dimer, 

thrombinantithrombin complex (TAT) and plasmin α2 antiplasmin complex 

have led to a newer clinical entity known as accelerated intravascular 

coagulation and fibrinolysis (AICF) [18]. AICF was previously defined as 

low-grade DIC, but point worth noting is that patients suffering from AICF 

and liver cirrhosis are at higher risk of developing ―overt DIC.‖ Development 

of jaundice in patients suffering from DIC is found to be more common in 

patients with an underlying septic etiology [19].  

 

 

Pulmonary Manifestations 

 

Pulmonary manifestation is observed in about 16% of the patients 

suffering from DIC. This presentation may be in the form of pulmonary 

hemorrhagic syndrome [20], pulmonary infarction or myocardial infarction 

[21]. The common symptoms observed in this scenario is dyspnoea, chest pain 

and hemoptysis and the physical examination may reveal wheeze, rhonchi and 

pleural friction rub. Radiological investigations performed may reveal intra-

alveolar hemorrhage. The underlying mechanism of the pulmonary 

manifestation is again the same, with damage to vascular endothelium being 

one of the mechanism. Pulmonary manifestation also arises secondary to the 

underlying cause responsible for DIC. Development of ARDS and ALI in 

cases of sepsis in one such example.  
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Shock and Circulatory Arrest 

 

Shock and ultimately circulatory arrest in patients sufering from DIC is 

multifactorial. Few of the proposed mechanism are: hypovolemia due to 

bleeding, vasular obstruction of microvessels due to thrombi formation and 

increased vasular permeablity due to fibrin degradation products, kinins, 

histamine and other inflammatory cytokines, which further leads to decreased 

intravascular volume due to extravasation of fluid from blood vessels.  

 

 

Thrombosis 

 

The common thrombotic manifestation in patients suffering from DIC are 

necrotic skin lesions [22], pulmonary thromboembolism, limb ischemia, 

cerebral and coronary thrombosis [19]. These necrotic and gangrenous lesions 

may also be associated with tachycadia and fever. Similar thrombotic 

mechanism has also been observed in patients suffering from various 

malignancies. First association of thrombosis with malignancy was reported in 

the year 1865 by Trousseau [23, 24], and was thought to be because of 

underlying coagulopathy. Common malignancies associated with the 

development of this syndrome are pancreatic, lung and ovarian [24-26]. 

Histologically mucin producing adenocarcinomas are the ones which are 

responsible for this syndrome [27]. Mucin produced by certain 

adenocarcinomas has been thought to be responsible for platelet aggregation 

[28].  

 

 

Neurological Dysfunction 

 

DIC could be one of the implicating factor responsible for stroke in 

patients with malignancy. Few of the common neurological complications 

which these patients may suffer are vascular occlusion, coma, seizures, 

hemiparesis subarachnoid hemorrhage along with multiple hemorrhage and 

infarct [29]. Central neurological manifestations are more common than 

peripheral symptoms. Thrombosis of vasa nervosum and consequent ischemia 

of the nerves have been linked to the development of peripheral neuropathy in 

children suffering from diabetic ketoacidosis complicated by DIC [30]. 

Severity of neurological manifestation in DIC depends on the type, site and 

severity of the thrombotic and hemorrhagic lesions. Matsuda in his paper [14] 
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further proposed the classification of DIC into two main type based on the 

underlying clinical manifestations. The one with the predominant bleeding 

manifestations were labelled as ―Fibrinolysis dominant DIC‖ and acute 

promyelocytic leukemia is one such example leading to this variant. 

Conditions such as sepsis, on the other hand, is associated with severe organ 

dysfunction and this variant is labelled as ―Coagulation dominant type.‖ 

Bleeding manifestations arising in the latter are usually not severe and have 

been blamed to bebecause of thrombocytopenia [14]. The ideal diagnostic 

algorithm for DIC should have a different set of criteria for each identifiable 

underlying cause, which, although is not practicable. Scientific and 

Standardization Committee (SSC) of the International Society on Thrombosis 

and Haemostasis (ISTH) have proposed the classification of DIC into overt 

and non-overt and proposed a set of guidelines for the same [31]. Few 

authorities; however, are of the opinion that these criteria are not diagnostic; 

rather they should be used for initiating treatment. Detailed discussion of these 

guidelines is beyond the scope of the current chapter and is to be discussed in 

a separate chapter. We will now discuss few salient points of certain important 

etiological factors associated with DIC: 

 

 

DIC and Sepsis 

 

Sepsis is one of the leading causes of mortality [32], and DIC have been 

often found to complicate the issue [33-35]. Overt DIC can be found in about 

25-50% of cases and if found associated, have high mortality. One of the most 

severe clinical manifestations of DIC is Purpura Fulminans [36]. It is a 

condition encountered in newborns and infants, and is represented by 

extensive skin necrosis over buttocks and extremities. PurpuraFulminans 

usually occurs 3-4 weeks after mild viral infections such as rubella, varicella, 

etc., NPF have also been reported to be occurring in patients with protein C 

deficiency [37]. Patients with underlying sepsis may have variable 

manifestations ranging from thromboembolic phenomenon to micro-vascular 

fibrin deposition leading to MODS [38]. They may also present with severe 

bleeding manifestation; however, it is not surprising to find patients with 

sepsis to have combination of both bleeding and thrombotic manifestation. 

―Waterhouse-Friderichsen syndrome‖ (adrenal haemorrhage) is one such 

example reported often in meningococcal septicaemia, and has a mortality rate 

of 55-60% [39]. Sepsis induced DIC is particularly more common in 

immunocompromised and asplenic patients. 
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DIC and Tissue Trauma  

 

Tissue trauma due to any cause like road traffic accidents, war injuries, 

burns, heat stroke, major surgeries and traumatic brain injuries have been 

associated with DIC. The biopsied specimen of brain, liver, lungs, kidneys, 

pancreas and liver have all shown the presence of microthrombus in the 

vasculature in trauma patients.  

Heat strokes have also been associated with DIC, with the presence of 

fibrin and hemorrhagic infarcts. The patients with heat stroke have been found 

to be having a very high-level of serum interleukins 6 and 8 [40]. Clinical 

severity of heat stroke has a positive correlation with the degree of 

inflammation and stimulation of coagulation pathway.  

 

 

DIC in Obstetrics 

 

Pregnancy in itself is a hypercoagulable condition which in the presence 

of certain clinical conditions like abruptio placenta, eclampsia, hydatidiform 

mole, prolonged shock and intrauterine fetal demise lead to DIC. Abruptio 

placenta is the most frequent obstetric condition associated with coagulation 

failure and may be seen in apparently healthy individuals or in cases suffering 

from pre-eclampsia [22]. Only about 10% of pregnant females sufering from 

abruptio placenta have significant coagulation abnormalities [41]. Patients 

who suffer from only minor degree of abruption may deliver a normal healthy 

baby. In severe cases patient may go into hypovolemic shock with almost 

about five litres of concelaed blood loss [22]. Persistent oozing from the 

venepuncture sites, easy bruisability, nasal or oral bleed should raise the 

suspicion of an underlying DIC, and prompt screening test should be 

immediately undertaken.  

 

 

DIC in Malignancy 

 

Patients with solid tumours and mucin producing adenocarcinomas with 

additional risk factors like advancing age, stage of the tumour, chemotherapy 

are at particularly higher risk of DIC. Presence of additional risk factors like 

septicemia, prolonged immobilization and secondaries in the liver increases 

the likelihood of developing DIC. Presence of arterial or venous thrombosis, 

pulmonary thromboembolism, superficial and deep vein thrombosis have been 
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regularly reported in literature in patients suffering from malignant tumour 

[42, 43]. Trousseau syndrome as discussed above is one such manifestation 

and is associated with poor prognosis [44]. Patients with malignancy may 

suffer from both acute and chronic form of DIC. 
General features relevant to abnormal coagulopahty like prolonged oozing 

is often reported. Microvascular thrombosis \in the skin may present as 

petechiae, acral cyanosis, gangrene of digits, nose and ear lobules. These 

gangrenous changes are most often observed in the areas of end artery 

circulation [45]. Organ dysfunction is very common in these patients; 

however, at times it may also be beacuse of the underlying malignancy itself 

and the differentiation may be difficult. Organ system commonly found to be 

affected include lungs, kidneys, central nervous system with other sites where 

traces of microthrombi have been found include heart, pancreas, kidneys and 

testes [45]. Chronic form of DIC as discussed already runs a subclinical course 

and Trousseau syndrome is one such manifestation. 

 

 

Conclusion 
 

In the present chapter, we had directed our focus on the clinical 

manifestations of DIC, with a brief dicsussion on the important etiological 

factors. In majority of the patients, the clinical picture is a reflection of the 

underlying disease process. The clinical manifestations of DIC are highly 

variable and are determined by factors like etiology, severity and duration of 

the underlying pathology. Due to the grave prognosis, which DIC has, it has 

aptly been called as ―Death is coming.‖ [46] 
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Abstract 
 

Disseminated intravascular coagulation [DIC] is an acquired 

hypercoagulable syndrome, also known as consumption coagulopathy or 
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defibrination syndrome. DIC is characterized by a systematic activation 

of coagulation cascade, contributing to the widespread intravascular 

fibrin generation and clot formation, resulting in inadequate blood supply 

to organs and leading to organ failure. DIC complicates an underlying 

illness, occurring in about 1% and 2% of hospital and ICU admissions 

respectively, and thus worsening their clinical outcomes. Despite 

appropriate management, patients with DIC have a high mortality ranging 

from 43%-78%. Thus, an early detection and rapid treatment of DIC will 

improve patient‘s outcome.  

There is no established way of diagnosing DIC, and a number of 

laboratory and clinical indices were proposed by international experts for 

the diagnosis of DIC. The diagnosis of DIC is usually a combination of 

both clinical and laboratory parameters. In 1987, the Japanese Ministry of 

Health and Welfare proposed first proposed the criteria for diagnosis of 

DIC. After a decade, the Scientific Subcommittee on DIC of the 

International Society on Thrombosis and Hemostasis [ISTH] proposed a 

simple algorithm to diagnose DIC in 2001, into overt and non-overt DIC, 

which is followed largely over the last decade. After ISTH score, new 

criteria were proposed by the Japanese group known as the Japanese 

Association for Acute Medicine [JAAM] score. These scores were an 

attempt for the rapid detection of DIC, and improving patient outcomes.  

The management of patients with DIC is primarily directed against 

the underlying etiology. However, in general patients who are bleeding or 

are considered being at higher risk of bleeding, with a platelet count of 

less than 50 X 10 9 / L are considered for platelet transfusion. 

Prophylactic transfusion of both platelets and fresh frozen plasma is not 

indicated in patients diagnosed to be suffering from DIC. Refractory and 

severe hypofibrinogenemia may be managed by fibrinogen concentrate 

and or cryoprecipitate. Heparin has also been used with variable success 

in patients with predominant thrombosis. Various other newer modalities 

such as antithrombin have been used with variable success and are 

currently the areas of research interest.  

The present chapter will focus in details about the most important 

risk factors for DIC. 

 

 

Introduction 
 

Disseminated Intravascular Coagulation (DIC) is a potentially fatal 

syndrome, complicating various underlying disorders such as sepsis, 

malignancy, haematological disorders, trauma and obstetric conditions [1-3]. 

DIC is commonly encountered in the Intensive care setting and if not managed 

aggressively may rapidly lead to the development of multiple organ 
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dysfunction syndromes [MODS]. MODS developing in patients with DIC can 

be either ischemic or inflammatory in origin [4]. DIC is a clinicopathologocal 

syndrome, characterized by a combination of thrombosis and hemorrhage, 

which is often fulminant and has been referred to as ―Malignant 

Syndrome‖[5]. Presence of DIC further complicates the management of the 

primary disorder and is associated with very high mortality and clinically 

significant morbidity.  

The term DIC was coined by Hardway and McKay in the year 1959 [6] 

and since then various terminologies have been proposed like consumption 

coagulopathy, systemic intravascular fibrin formation, consumptive 

defibrination and systemic thrombohemorrhagic syndrome [7] although; DIC 

has been the most popular and widely adopted. This condition was reported for 

the first time in the year 1901 as ―temporary hemophilia‖ in two parturients, 

one of whom had a retained dead fetus and the other suffered from placental 

abruption [8].  

Following this several case reports were published, reporting the 

development of DIC in patients suffering from haematological malignancies 

and solid cancers [9]. There have been a number of diagnostic criteria 

proposed for the diagnosis of the DIC notable among them includes the criteria 

proposed by Japanese Ministry of Health and Welfare [JMHW], International 

Society on Thrombosis and Haemostasis [ISTH] and Japanese Association of 

Acute Care Medicine [JAAM] [10-12]. 

In the present chapter our focus will be directed towards the various risk 

factors of DIC.  

 

 

Clinical Settings 

 

One thing every clinician should have in mind is that this entity does not 

occur on its own, and is almost always associated with an underlying 

pathology which is associated with activation of coagulation system. There are 

various disorders associated with the pathogenesis of the DIC and are 

enumerated in table 1, and the important ones will be discussed further. 

 

 

 



 

Table 1. Clinical conditions associated with the development of DIC [13-16] 

 

Sepsis  Bacterial – Gram negative bacilli, Staphylococci, Streptococci, Meningococci 

 Viral – Herpes, rubella, smallpox, acute hepatitis, viral hemorrhagic fever, 

Arbovirus, Varicella, Variola, Rubella, Cytomegalovirus 

 Mycotic – Acute Histoplasmosis, Aspergillosis 

 Parasitic – Malaria, Kala-azar, Histoplasmosis. 

 Rickettsial - Rocky Mountain Spotted Fever. 

Malignancy  Carcinomas (Prostrate, Pancreas, Ovary, Breast, Lung etc.) 

 Miscellaneous (Metastatic Carcinoid, Rhabdomyosarcoma, Neuroblastoma and 

others) 

 Cancer Chemotherapy 

 Tumour Lysis Syndrome 

Obstetrical Disorders  Amniotic fluid embolism 

 Placental abruption 

 Retained fetus syndrome 

 Eclampsia 

 Abortion 

 Abdominal Pregnancy 

 Degenerating Hydatiform Mole 

 Intrauterine Fetal Death 

 HELLP* syndrome 

 Uterine atony 

 Bilateral renal cortical necrosis of pregnancy 



 

Tissue Destruction and Trauma  Severe pancreatitis 

 Burns 

 Crush injuries and large massive trauma 

 Extensive Tissue necrosis 

 Rhabdomyolysis 

 Extensive Surgical Intervention 

 Fat Embolism 

Toxic or Immunological Reactions  Snake bite 

 Recreational drug use (Cocaine) 

 Transfusion reaction 

 Minor hemolysis 

 Transplant rejection 

Vascular abnormalities  Kasabach-Merritt syndrome 

 Large aneurysm 

 Giant Hemangiomas 

 Collagen Vascular Disorders  

 Autoimmune conditions – rheumatoid arthritis, systemic lupus erythematosus, 

Sjogren‘s syndrome, dermatomyositis, scleroderma etc. 

Liver disorder  Obstructive jaundice. 

 Acute hepatic failure 

 

 

 

 



 

Table 1. (Continued) 

 

Hemopoietic Disorders  Acute Leukaemia‘s specially acute promyelocytic leukaemia 

 Intravascular hemolysis (Transfusion reaction, PNH, drug induced and sickle cell 

disease) 

 Histiocytic Medullary Reticulosis 

Genetic Predisposition  Protein C deficiency 

 Protein S Deficiency 

 Decreased activity of Antithrombin inhibitory pathway 

 Factor V Leiden 

Miscellaneous  Congestive Failure with Pulmonary emboli 

 Myocardial Infarction 

 Shock  

 Hypothermia 

 Cardiac arrest 

 Drowning especially in fresh water 

 Hemolytic uremic Syndrome 

 Acute Glomerulitis 

 Prosthetic Devices 

 Frost bite 

 Hyperthermia and Heat Stroke 

 Acidosis 
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Sepsis 
 

DIC has been known to complicate up to 25-50% of sepsis cases [17-18], 

leading to MODS [19]. DIC associated with sepsis is usually not confined to 

one particular organism or type but may be seen complicating infections 

caused by bacteria, viruses and parasites as well. Among infectious organism 

it‘s the gram negative organism which has been traditionally associated with 

development of DIC. However, as opposed to the popular belief the incidence 

of clinically overt DIC in both gram negative and gram positive sepsis seems 

to be equal [13, 20] 

Sepsis is a serious clinical entity and is one of the common causes of 

mortality in the non cardiac intensive care units [21]. Sepsis is almost always 

associated with underlying impairment of haemostasis which may range from 

isolated thrombocytopenia and sub clinical hypercoagulability to a full blown 

DIC [19]. It usually starts with intravascular activation of coagulation system 

followed by deposition of fibrin in the microvasculature and thus leading to 

the development of DIC which may progress further to MODS if not managed 

aggressively.  

Main factors leading to the development of DIC are endotoxins [from 

gram negative bacteria] or exotoxin [e.g., staphylococcal alpha toxin]. These 

toxins results in activation of toll like receptors, which in turn stimulates 

nuclear factor kappa B. Hence severe systemic inflammation which 

accompanies sepsis is also associated with the release of various 

proinflammatory cytokines and complement activation which are thought to be 

the initial triggering factor [19].  

The main hallmark of the coagulopathy in sepsis is the underlying 

imbalance between intravascular fibrin formation and its removal. Activation 

of coagulation and inhibition of fibrinolysis are mainly mediated by tumor 

necrosis factor [TNF] α, Interleukin [IL] 1 and IL-6 [18-20]. TNF α is also 

involved in the activation of coagulation cascade via IL-6. Endotoxemia also 

activates factor XII leading to the conversion of prekallikrein to kallikrein and 

kininogen into kinins which are responsible for increased vascular 

permeability, vasodilatation and shock [22]. 

Meningococcemia in addition is also associated with presence of 

microparticles derived from platelets and granulocytes which have been 

proposed to be possessing procoagulant activity [23]. So, the initiating factor 

is usually endo or exotoxin originating from the organism, with the most 

important mechanism being the activation of extrinsic pathway mediated by 
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the interaction of tissue factor following endothelial damage. These bacterial 

endotoxins have also been associated with the activation of the intrinsic 

pathway mediated by factor XII [24].  

Gram negative bacteria are one of the most common, but, not the only 

organisms responsible for the DIC in sepsis. Other agents such as gram 

positive bacteria [Staphylococcus aureus, Streptococcus pneumoniae, 

clostridium perferinges], viral infections such as hepatitis have also been 

occasionally associated with the occurrence of DIC. Table 1 shows an 

exhaustive list of infective pathogens linked with the occurrence of DIC. 

Bleeding in patients with DIC is usually triggered by the activation of 

coagulation system leading to the consumption of platelets and other 

coagulation factors. DIC in patients with sepsis can be caused due to the 

following mechanisms [19, 25].  

 

a) Procoagulant up regulation: Mediated primarily by the tissue factor 

which leads to increased thrombin production. 

b) Downregulation of physiological anticoagulation: 

a) Decreased antithrombin. 

b) Decreased protein C activity. 

c) Inadequate amount of tissue factor pathway inhibitor. 

c) Suppression of fibrinolysis 

a) Mediated by the Plasminogen activator inhibitor 1 which are 

released by endothelial cells. 

b) Thrombin activatable fibrinolysis inhibitor [TAFI] is also 

responsible for suppression of fibrinolysis. 

 

 

Malignancy 
 

Malignancy is considered to be the third most common cause of DIC only 

after sepsis and trauma with close to 7% of cases related to an underlying 

malignancy [24]. The commonest haematological manifestation associated 

with malignancy is bleeding secondary to thrombocytopenia arising as a result 

of chemotherapy, radiotherapy or due to bone marrow involvement [26]. But, 

DIC is also considered to be one of the important causes of bleeding in patient 

with malignant disorders. The first case of fatal hemorrhage in acute 

leukaemia was reported in the year 1935 [27]. About 60% of patients with 

malignancy may have thrombosis and variable degree of hypercoagulability. 
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Patients with metastatic tumour also tend to have increased platelet turnover 

with decreased life span. About ten to 15% of patients with metastatic tumour 

have DIC of variable degree and 15% of patients suffering from acute 

leukaemia may present with DIC [1]. 

Malignancy in itself is a hypercoagulable condition, with advancing age, 

male sex, presence of primary tumour necrosis and advanced stage further 

increasing the risk of developing DIC in the malignant disorders [28, 29]. 

Among the malignancies, the haematological malignancies are most often 

complicated by the DIC. Acute promyelocytic leukaemia [APL], a variant of 

acute leukemia, is associated with DIC in majority of the patients [30], and 

this causation has been related to the release of various pro-coagulant enzymes 

present in the abnormally large granules present in leukemic promyelocytes 

[30-33]. Surface of promyelocytic blast cells contains procoagulant which has 

action similar to thromboplastin and is capable of initiating the clotting 

mechanism. These cancer cells in APL have also been found to have a higher 

level of annexin II which leads to increased production of plasmin and hence 

the unopposed fibrinolysis may also lead to bleeding [34]. Among solid 

tumours, cancer of lung, breast, stomach, prostate, pancreas, ovary and bile 

tract are few of the common ones found to be associated with DIC [35-37].  

The development of DIC in patients with malignancy is multifactorial and 

is not well understood but may involve the activation and release of various 

procoagulant factors. Release of tissue factor, activation of leucocytes coupled 

with direct activation of prothrombinase complex by mucin or specific cancer 

procoagulant are few of the mechanism described [38]. In addition of the 

above mechanisms, activation and aggregation of platelets, suppression of 

fibrinolysis cytokine mediated defective anticoagulation also plays a role in 

the activation of coagulation and ensuing the procoagulant state of malignant 

conditions as already discussed.  

Other important factor which is responsible for maintaining 

hypercoagulability is the presence of a calcium dependent cysteine protease 

which has been found in malignant and fetal tissue. This is responsible for the 

direct activation of factor X, independent of the activity of tissue factor/ factor 

VIIa complex [39,40]. Another protease Hepsin normally found on the cell 

surface of hepatocytes and also on few tumour cells also initiates coagulation 

by independently activating factor VII [41]. These procoagulants have been 

associated with the activation of intrinsic coagulation pathway. Other forms of 

leukaemia have also been linked with DIC, although with a much lower 

frequency of up to 1-2 %. This is the reason why before initiating 

chemotherapy in these patients, DIC should be ruled out because the lysis of 
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the leukemic cells as a result of chemotherapy may further worsen a sub acute 

DIC [30]. Other possible mechanism responsible for the DIC in 

haematological malignancy is profound immunosuppression and neutropenia 

arising as a result of various forms of therapies for the management of these 

haematological malignancies, predisposing the patient to various forms of 

infections like bacterial, viral, fungal or protozoal. These infections in there 

own right also predisposes an individual to a higher risk of DIC.  

Various solid neoplasms have also been associated with occurrence of 

almost all the varieties of DIC like subclinical DIC, subacute DIC, chronic 

DIC and acute fulminant DIC. Different theories have been proposed 

explaining the likelihood of DIC in these patients. Patients with solid tumours 

express tissue factor on their cell surface which in combination with factor VII 

tends to activate intrinsic pathway of coagulation system. Pancreatic, breast 

and prostate cancer are one of the few solid malignancies commonly found to 

have association with DIC [26]. As discussed already these tumour cells also 

express cysteine protease which can activate factor X. In addition to these 

general features, various other types of solid organ malignancy precipitate DIC 

by virtue of certain typical features. DIC for example is the most common 

haematological disorder encountered in patients with prostate cancer. Prostate 

cancer may lead to DIC because of the release of certain thromboplastic 

substances into the blood stream. Pancreatic tumours release trypsin like 

substances which leads to the activation of factor X. Mucin like substances 

released by various gastrointestinal tumours have been implicated as a 

causative factor for DIC.  

 

 

Extensive Tissue Damage 
 

Tissue trauma can be a result of natural disaster or may develop as a result 

of road traffic accident, assault, burns or chemical injuries among various 

other causes. Road traffic accident is one of the leading causes of death and 

morbidity world over. DIC complicating a case of trauma is usually 

responsible for late morbidity. Trauma patients with systemic inflammatory 

response syndrome [SIRS] are at higher risk, with more than 50 % of these 

patients developing DIC [24, 42- 43]. Trauma patients with head injury and 

extensive transfusion are also at increased risk of developing DIC. The 

evidence relating head injury and consumption coagulopathy started emerging 

in the year 1974, when Goodnight et al. [44] and Strinchini et al. [45] in two 
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different studies demonstrated defibrination in cases of head injury. Drayer 

and colleague in the following year described a case of DIC in a patient with 

head injury [46]. Coagulopathy after head injury is most prevalent in the first 

24 hours, and is more commonly encountered in females. The risk of 

developing coagulopathy increases with worsening Glasgow coma score 

[GCS] as the level of fibrin degradation products have been positively linked 

with the degree of brain damage [47]. 

Patients with extensive trauma are prone to develop early coagulopathy 

[48]; rather it‘s not wrong to consider a patient with trauma to be having some 

sort of coagulopathy on admission. This coagulopathy causes bleeding from 

various sites like mucosal surface and serosal surface and also from various 

vascular access site in addition to the bleeding from wound and surgical site.  

There are two phases of coagulopathy encountered in these patients: an 

early phase of bleeding and a late phase of thrombosis [47]. Coagulopathy 

arising in patients with trauma is multifactorial and is still not well understood. 

Release of various tissue enzymes, phospholipids and fat from injured and 

damaged tissue leading to the release and activation of a host of cytokines has 

been blamed for DIC in patients with extensive tissue injury. The high levels 

of these inflammatory cytokines lead to the activation of tissue factor and 

subsequent coagulation pathway. Widespread activation of coagulation leads 

to the consumption coagulopathy which is a common finding in trauma 

patients.  

To simplify, in patients with trauma we have two mechanisms 

contributing to the pathogenesis: the release of various procoagulant factors 

coupled with the systemic inflammatory response syndrome both of which are 

involved in activation and expression of tissue factor on monocytes and 

various other cells. These contributing factors are further aggravated by the 

decreased endogenous fibrinolytic activity.  

Other non traumatic causes of tissue destruction include burns, extensive 

surgery and inflammatory conditions like pancreatitis. Anemia, coagulopathy, 

leukocytosis and thrombocytopenia have been reported with variable degree in 

pancreatitis [49]. This condition predominantly involves microcirculation 

leading to the release various inflammatory tissue mediators and endothelial 

damage. Exact pathogenesis of DIC in these patients is still open to 

investigators, but the blood picture consistent with DIC has been reported in 

patients suffering from DIC. However, role of pancreatic enzymes and 

vascular injury has been proposed as the likely cause. These patients have 

increased tendency to develop thrombosis both deep vein thrombosis and 

microthrombi [50-52]. Another potential cause of DIC arising as a result of 
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extensive tissue trauma which deserves mention here is burn. Burn injury 

results in the entry of cellular debris and necrotic tissue in the bloodstream. 

This debris usually has strong thromboplastic activity mainly because of 

expression and release of tissue factor which results in the explosive 

production of thrombin ultimately leading to DIC. Other factor which may 

also play a supporting role in the pathogenesis is the possible immunological 

and inflammatory injury to the bodily tissue leading to the release of various 

inflammatory mediators and cytokines [53].  

 

 

DIC in Obstetric Practice 
 

There are number of obstetric conditions which predispose a parturient to 

increased risk of DIC. Pregnancy in itself, due to various physiological 

changes is a hypercoagulable state predisposing women to varying severity of 

DIC ranging from a less severe thrombotic form to a full blown one. The 

incidence of DIC with in the obstetric population is extremely variable 

depending upon the suspected underlying cause. Before discussing further, it‘s 

apt at this juncture to discuss the physiological changes which make a 

parturient hypercoagulable and therefore prone to DIC. Most of these changes 

are usually hormone driven. During pregnancy, there is significant increase in 

the plasma concentration of coagulation factors mainly VII, VIII, IX, X and 

XII which usually returns back to normal after delivery [54]. This is also 

accompanied by significant increase in the concentration of certain 

procoagulant factors like fibrinogen along with suppression of fibrinolysis. 

[55-57]. Placenta has also been proposed as one of the contributing factor in 

the pathogenesis of DIC [57, 58]. Phospholipids and tissue factor released by 

placenta during pregnancy further stimulate the release and activation of factor 

VII. Trophoblastic lining of placenta has also been implicated in the 

production of various haemostatic regulators like thrombomodulin, protein C 

receptor and tissue factor and these changes result in subsequent fibrin 

deposition [59]. These Trophoblastic cells have also been implicated in the 

production of endothelial protein C receptor and tissue factor pathway 

inhibitor [60-61]. Pregnancy is also associated with disturbance in the 

endogenous fibrinolytic activity to a variable degree [58].  



 

Table 2. Obstetric causes of DIC 

 

Amniotic Fluid Embolism [64-65] 

 

1. 1in 8000 to 1 in 30,000 births. 

2. Associated with maternal mortality of 60-80%. 

3. Occurs due to entry of Amniotic fluid into the maternal circulation and 

subsequently in the pulmonary vasculature leading to circulatory collapse. 

4. Amniotic fluid contains high concentration of plasminogen pro-activators. It 

activates factor X in the presence of calcium and also inhibits fibrinolytic 

system. 

5. The manifestation of the syndrome does not depend on the amount of the fluid 

entering into the circulation, and hence anaphylactic component has also been 

proposed as the likely cause. 

Abruptio Placenta [58, 64, 66] 

 

1. There is about 10% risk of developing DIC in these patients. 

2. Release of placental enzymes, tissue thromboplastin and various procoagulants 

into the uterus and subsequently into the maternal circulation has been 

implicated as the likely cause of DIC in this subgroup. 

Intrauterine Fetal death [64] 

 

1. Incidence of developing DIC in these patients have been reported to be as high 

as 50% if the dead fetus has been retained for upto 5 weeks. 

2. This condition is usually associated with subacute or chronic DIC, that progress 

into more severe fulminant form if therapeutic measures are not put in place. 

3. Various tissue enzymes and procoagulant released from the necrosed fetal tissue 

has been implicated behind the pathogenesis of DIC in cases of intrauterine fetal 

death. 

 

 



 

Table 2. (Continued) 

 

Pre-eclampsia, Eclampsia 1. Eclampsia and preeclampsia is one of the commonest obstetric condition 

associated with coagulopathy. 

2. Pre-eclampsia occurs due to abnormal maternal response to placentation, the 

extent of which usually determined the severity of the disease. 

3. Thrombocytopenia is considered to be an early indicator of possible DIC in this 

high risk group and arises mainly due to its increased consumption. 

HELLP Syndrome [58, 64, 67] 

 

1. It‘s considered to be an advanced stage of Eclampsia preeclampsia and forms 

one end of this spectrum. It has an incidence of 0.17%-0.85% of all live birth. 

2. A combination of factors like endothelial dysfunction, inflammatory mediators 

and the activation of platelets and cytokines predispose these patients to develop 

DIC. 

Abortion [64, 68-71] 

 

1. Haematological changes similar to DIC have been demonstrated in patients 

where abortion was induced by hypertonic solution of saline and urea. 

2. Saline induced abortion is usually associated with subclinical DIC; however, 1 

in 400 to 1 in 1000 cases may be associated with severe form of DIC.  

3. Likely cause behind the development of DIC in these patients has been proposed 

to be the release of tissue thromboplastin into the maternal circulation. 

Acute Fatty liver of pregnancy [72-

74] 

 

1. It was described in 1934 as ―yellow acute atrophy of the liver‖ and in 1940 was 

described as a specific entity.  

2. It has an incidence of 1 in 13000 deliveries, and is associated with DIC. 

3. Severe Hepatic dysfunction has been proposed as the most likely cause of DIC 

in this subgroup of patients [75]. 
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Hemodilution observed in pregnant patients coupled with increased 

platelet destruction with resultant thrombocytopenia has also been suggested 

to play a role. As the duration of pregnancy increases the concentration of 

factor VIII and von Willebrand factor antigen also increases and concentration 

of protein C and S progressively decreases.  

Overall incidence of DIC in obstetric practice has been estimated to be 

about 1 in 1355 deliveries [62]. The first report linking amniotic fluid 

embolism with DIC was provided by Steiner and Lushbaugh in 1941 [63-64]. 

Association of DIC with amniotic fluid embolism is one of the catastrophic 

complications seen in obstetric practice. The following table enumerates the 

important obstetric causes of DIC with their salient points. 

 

 

Genetic Risk Factors 
 

Occasional cases of DIC have been reported to occur spontaneously 

without an underlying disease. A genetic defect involving any of the factors 

taking part in coagulation cascade or fibrinolytic pathway may predispose an 

individual to increased risk of developing DIC. One such example is the 

occurrence of neonatal purpura fulminans in children suffering from protein C 

or protein S deficiency. Individuals who are heterozygotes for these 

deficiencies have been traditionally considered to be at high risk of developing 

DIC without an underlying disorder. Cases linking these defects with DIC and 

neonatal purpura fulminans have are well documented in the literature [76-78]. 

Protein C is a glycoprotein which circulates in plasma in an inactive form. 

It‘s a vitamin K dependent factor which also requires the presence of protein S 

and anionic phospholipids for its activity [77]. Protein C gets converted into its 

active form [APC] by the action of thrombin-thrombomodulin complex. APC 

is a naturally occurring anticoagulant which degrades the activated factor V 

and VIII, thereby decreasing the procoagulant activity [79, 80]. Protein C 

deficiency is an autosomal dominant condition which may present clinically 

with symptoms of variable severity ranging from purpura fulminans to venous 

thromboembolism and DIC [77]. Incidence of protein C deficiency is highly 

variable and is about 1 in 300 for heterozygous protein C deficiency [81], and 

1 in 5,00,000 – 750,000 births for homozygous protein C deficiency [82]. 

Protein S is also vitamin K dependent glycoprotein, which is involved in 

the inactivation of factor Va, VIIa and Xa. It has been found to be circulating 

in both free and combined form and it‘s the free form which has been 
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associated with anticoagulant activity. Incidence of protein S deficiency is 

variable and affects about 1 in 700 healthy individual, and the incidence of 

protein S deficiency increases to 3-6% in patients suffering from recurrent 

thrombosis or with family history of thrombosis [83] 

Deficiency of both protein C and protein S has been associated with DIC 

[84 - 91]  

Individual with genetic defect in the fibrinolytic pathway are also at 

increased risk of developing DIC. Other possible genetic causes which may 

increase the chances of DIC in a genetically susceptible individual are 

enumerated in table 3 [85].  

 

Table 3. Genetic factors predisposing an individual to DIC 

 

1) Protein C deficiency.  

2) Protein S deficiency. 

3) Factor V Leiden mutation. 

4) Genetic alteration of proteins involved in fibrinolytic and anti-

fibrinolytic pathway. 

5) Genetically determined increased levels of procoagulants.  

 

 

Vascular 
 

Giant hemangiomas and large aortic aneurysm are associated with 

localised activation of coagulation cascade. Kasabach Merritt syndrome is one 

such condition where giant cavernous hemangioma. About 25% cases of giant 

cavernous hemangioma may be associated with low grade DIC; whereas, 

about 50% of patient with hereditary hemorrhagic telangiectasia may have low 

grade DIC. The probable reason behind the development of DIC in these 

patients has been linked to endothelial damage and stasis of the blood in these 

large vascular malformations. Aortic aneurysms however are a rarer cause of 

DIC, with only 0.5-0.6% of cases occurring because of it [92-94]  

It has also been observed in about 3-4 % of patients with large abdominal 

aortic aneurysm. Other vascular conditions like Raynaud‘s syndrome, diabetic 

angiopathy, and autoimmune disorder may also develop compensated DIC 

[64].  
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Cardiovascular Conditions 
 

Various cardiovascular conditions have been associated with the 

development of low grade subacute DIC. Patients suffering from acute 

myocardial infarction have also been reported to suffer from DIC [64]. Exact 

mechanism underlying the pathogenesis of DIC in cardiovascular disorder is 

not very well understood but a combination of factor including shock; 

hypoxia, acidosis and stasis have been suggested. Infarcted myocardial tissue 

has also been shown to release thromboplastin. 

 

 

Prosthetic Devices [64] 
 

Presence of various prosthetic devices in the body has been known to be a 

triggering factor behind the development of DIC. Intra aortic balloon pump 

and Le Veen or Denver shunt have been known to precipitate DIC. Insertion of 

these devices is associated with release and activation of various 

procoagulants, consumption coagulopathy and generation of microthrombi. 

Occurrence of DIC in peritoneovenus shunt primarily occurs because of entry 

of endotoxins and procoagulants into the blood stream from the ascitic fluid. It 

has been said that the occurrence of DIC in these cases can be decreased by 

draining the ascitic fluid  

 

 

Toxic Reactions 
 

Snake bite [especially Crotalidae i.e., pit vipers] and bee sting have been 

reported to be associated with DIC.. Snake venom has action similar to 

thrombin and tends to form fibrin [95-96].Unlike stable fibrin molecules, this 

unstable fibrin polymer is vulnerable to fibrinolyis and phagocytosis by 

reticuloendothelial system. This imparts the property of inducing various types 

of coagulopathy to snake venom ranging from a simple thrombocytopenia to a 

full blown DIC. The prevalence of coagulopathy due to snake bites has been 

proposed to be between 36-50% [97]. Type of snake bite, site and time length 

of the bite have also been proposed to influence the development of the DIC in 

the patients.  

Fatal cases of intravascular coagulation have been reported following 

anaphylactic shock after bee sting acupuncture [98]. DIC after bee stings is a 
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rare complication; however, phospholipase A2 present in bee venom has been 

know to casue coagulation abnormalities [99-100]. 

Recreational use of cocaine has been linked to DIC and deserves its 

mention here. The exact pathogenesis is not well understood. Severe 

thrombocytopenia has been reported in individuals using cocaine by both 

intravenous and inhalational route. Exact mechanism behind this phenomenon 

is not well understood [101-102].  

Thus, despite the recent evidnce of decrease in the incidence of DIC over 

the past decade, the mortality rate remains very high [103-104]. Thus, there is 

a need to identify risk factors of DIC early and manage appropriately to reduce 

the morbidity and mortality, and improve the outcomes [105].  

In conclusion, this chapter provides an exhaustive review of various 

etiological factors responsible for DIC. The most common causes leading to 

the development of DIC are sepsis, trauma and maignancy. A high index of 

suspicion is usually required in these high risk cases to make an early 

diagnosis and initiate rapid and aggressive treatment to decrease mortality.  
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Abstract 
 

Thrombomodulin (TM) is a thrombin-binding anticoagulant cofactor, 

which is extensively expressed on the surface of endothelial cells. Human 

TM is a single-chain type 1 transmembrane glycoprotein containing five 

extracellular domains. TM is an important endogenous anti-coagulant 

protein. Thrombin-TM complexes transform the inactive from of protein 

C into an activated protein C (APC). APC subsequently inactivate the 

coagulation factors Va and VIIIa, thereby suppressing further thrombin 

generation. In addition, TM also plays an important role in attenuation of 

inflammatory responses through inhibition of leukocyte adhesion to 

endothelial cells, inhibition of complement pathways, neutralization of 

lipopolysaccharide (LPS) as well as sequestration and degradation of pro-

inflammatory high-mobility group box 1 protein (HMGB1). Thus, the 

endothelial surface bounded TM prevents dissemination of pro-coagulant 
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and pro-inflammatory molecules and allows these molecules to act 

locally at the site of injury. In patients with sepsis and disseminated 

intravascular coagulation (DIC), TM expression is down regulated 

resulting in dissemination of pro-coagulant and pro-inflammatory 

molecules throughout the systemic circulation. The dual ability of TM to 

suppress both coagulation and inflammation makes this molecule a 

possible drug candidate for the treatment for DIC. A soluble form of 

recombinant human TM (rhsTM) has been shown to be more effective 

and safer than heparin in treatment of patients with DIC. In fact, rhsTM 

has been approved for the treatment of DIC in Japan. This chapter 

focuses on the critical roles of TM in the cross talk between inflammation 

and coagulation. Furthermore, this chapter provides a rationale for the 

clinical application of TM for treatment of DIC. 

 

Keywords: Thrombomodulin; disseminated intravascular coagulation; 

thrombin; activated protein C; coagulant factor; sepsis 

 

 

Introduction 
 

Disseminated intravascular coagulation (DIC), characterized by systemic 

activation of intravascular coagulation, has been reported to play an important 

role in the development of multi-organ failure and death [1]. DIC is associated 

with the formation of a large number of microthrombotic foci, leading to organ 

microcirculation failures and subsequent complete organ failure. The 

formation of diffuse microthrombi in the circulation is followed by 

thrombolysis in the systemic circulation, leading to the consumption of 

coagulation factors and platelets [2-4]. The consumption of both platelets and 

coagulation factors results in thrombocytopenia, a deficiency of coagulation 

factors, and a bleeding tendency. DIC induced coagulopathy may be modified 

in the presence of neutrophil proteases and fibrinolysis inhibitors [5, 6]. The 

development of DIC is exclusively secondary to certain underlying disorders 

[7]. DIC may be induced by sepsis or major trauma through the activation of a 

systemic inflammatory response, leading to activation of the cytokine network 

and subsequent activation of coagulation [2]. In addition, the release or 

exposure of pro-coagulant material into the bloodstream by malignancy or 

obstetrical disorders may also be associated with the development of DIC. The 

outcomes of DIC are mainly related to the underlying diseases and associated 

complications [7]. However, DIC alone may have a direct impact on mortality 

of patients. The mortality rate in patients with DIC is higher than those without 
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DIC, and treatment of DIC reduces the mortality of patients with DIC [7, 8]. 

Therefore, specific treatment directly against DIC may provide a 

complementary benefit in improving the prognosis of patients with DIC, when 

appropriate therapy for the underlying diseases has been implemented. 

Thrombomodulin (TM) is a membrane-bound glycoprotein initially 

identified on vascular endothelium [9], and later on leucocytes, smooth muscle 

cell, platelet, and cardiomyocyte [10, 11]. TM is also expressed in some cancer 

cells and influences cancer growth and metastasis [12, 13]. TM protein has 

557 amino acids, and its structure consists of 5 domains including a highly 

charged N-terminal lectin-like domain (D1), a domain with six epidermal 

growth factor (EGF)-like structures (D2), a serine and threonine-rich domain 

(D3), a transmembrane domain (D4) and a cytoplasmic domain (D5) [14]. TM 

was discovered by its anticoagulant activity, to be an essential co-factor for 

thrombin mediated activation of Protein C [15] and thrombin-activated 

fibrinolysis inhibitor (TAFI) [16]. Through these mechanisms, the function of 

TM as a natural anticoagulant has been well documented. TM is also involved 

in the process of inflammation. TM modifies the inflammatory response [17], 

prevents leucocyte infiltration [18], suppresses complement system [19], and 

interferes the effects of high mobility group box 1 (HMGB1) [20].  

Once bound to endothelial thrombin, TM accelerates protein C activation 

and soluble TM (sTM) is released into the serum by proteolytic degradation 

[21]. sTM is released from the surfaces of endothelial cells after injury only; 

no other stimulation can trigger it [22]. Therefore, as a marker of endothelial 

injury, a decrease in endothelial surface expression of TM has been 

demonstrated in patients with sepsis [23], and sTM levels are elevated in 

diseases associated with DIC [24]. The elevated serum sTM levels in sepsis-

induced DIC regress concomitantly with resolution of DIC [24]. The extent of 

endothelial injury, as quantified by sTM, independently predicted the 

development of DIC and mortality in septic patients [24]. In DIC patients, the 

surface expression of TM may be inadequate after extensive shedding of the 

membrane-bound TM into soluble serum TM. With regards to the anti-

coagulant and anti-inflammatory properties of TM, supply of TM in patents 

with DIC may provide clinical benefits in these patients. However, the sTM 

activity is 30% to 50% compared with that of membrane- associated TM. 

Recently, a soluble form of recombinant human TM (rhsTM), with full 

activity compared with membrane-bound TM, has been developed in treatment 

of patients with DIC [25]. This chapter focuses on the critical roles of TM in 

the cross talk between inflammation and coagulation. This chapter also 
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discusses about the rationale and effectiveness for the clinical application of 

rhsTM in treatment of DIC. 

 

 

Anti-coagulant Effects of TM 
 

The anticoagulant effect of TM is mediated through inhibiting thrombin 

activity. Thrombin is a natural pro-coagulant factor. It activates coagulation 

factors V, VIII, XI, and XIII. Thrombin has the ability to activate fibrinogen to 

generate fibrin and also activates platelets. However, the thrombin affinity to 

pro-coagulant substrates is remarkably reduced by TM binding [26-29]. TM 

directly inhibits most of the pro-coagulant activities of thrombin including 

fibrinogen clotting, platelet activation, and factor V activation [26, 27]. 

The anticoagulant activity of TM is also attributed to enhancing activated 

protein C (APC) generation. Thrombin-TM complexes transform the inactive 

form of protein C into activated protein C. APC subsequently inactivates 

coagulation factors Va and VIIIa, thereby suppressing further thrombin 

generation. Owing to high expression on the surface of endothelial cells, TM is 

essential in preventing intravascular thrombus formation. An animal study has 

revealed that endothelium-specific loss of TM in mice causes spontaneous and 

fatal thrombosis in the arterial as well as venous circulation [30]; 40% of 

mutant mice died before birth, and the remaining 60% died within a month 

after birth because of massive thrombosis. In humans, the endothelial TM 

expression is down regulated in certain pathologic conditions, such as 

meningococcal sepsis and graft rejection, resulting in thrombotic 

complications [23, 31, 32]. Taken together, TM directly binds to thrombin to 

inhibit its pro-coagulant activity; the TM-thrombin complex further inhibits 

thrombin generation through activation of APC. A deficiency in TM may 

cause extensive thrombosis formation (Figure 1).  

 

 

TM and Inflammation 
 

APC-dependent Mechanism 

 

Increasing lines of evidence have suggested that TM plays an important 

role in anti-inflammatory effects through APC-dependent and independent 

mechanisms (Figure 2). APC induced by TM-thrombin complexes prevents 
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inflammation-induced vascular permeability [33, 34], suppresses inflammatory 
cytokine production in sepsis [35], inhibits leukocyte adhesion, and decreases 
leukocyte chemotaxis [36]. The anti-inflammatory effects of APC are 
mediated via endothelial protein C receptor (EPCR) to activate the protease-
activated receptor 1 (PAR-1) and its downstream sphingosine-1 phosphate 
receptor 1 signaling pathway [33]. 

 
 

APC-independent Mechanisms 
 
Thrombin is a potent stimulus of inflammatory reaction. The pro-

inflammatory effects of thrombin decreases after binding to TM. Thrombin 
disrupts the endothelial cell junction and increases tumor necrosis factor alpha 
production from monocytes [37]. It facilitates the recruitment of circulating 
monocytes by increasing endothelial expression of monocyte chemoattractant 
protein-1 (MCP-1), intercellular adhesion molecule-1 (ICAM-1) and vascular 
cell adhesion molecule-1 (VCAM-1) [38, 39]. The signaling pathway of 
thrombin is also via PAR-1 activation, but its downstream effector is coupled 
to the sphingosine-1 phosphate receptor 3.  

 

 

Figure 1. The anticoagulant activities of TM. Thrombin-TM complex activates activated 
protein C (APC). APC prevents thrombin generation and inactivates factor Va and VIIIa. 
The thrombin affinity to procoagulant substrates is remarkably reduced by TM binding. TM 
directly inhibits thrombin included fibrinogen clotting, platelet activation, and factor V 
activation.  
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Figure 2. The anti-inflammatory activities of TM. TM attenuates inflammatory responses 
through APC dependent and independent mechanisms. The activation of APC by thrombin-
TM complex causes APC-dependent cytoprotection effects. TM also exerts anti-
inflammatory effects through neutralization of lipopolysaccharide (LPS), inhibition of 
complement system, and interference with high mobility group box 1 (HMGB-1) binding to 
its receptor; receptor for advanced glycation end products (RAGE).  

TM inhibits the interaction of thrombin with PAR-1, and decreases 
thrombin-induced pro-inflammatory effects. Thereafter, apart from 
APC/EPCR/PAR1/sphingosine-1 phosphate receptor 1 pathway, TM also 
plays a pivotal role in regulating thrombin/PAR1/sphingosine-1 phosphate 
receptor 3 pathways to inhibit inflammation [40]. 

Thrombin-TM complex activates thrombin activatable fibrinolysis 
inhibitor (TAFI) [41-43]. TAFI is a circulating zymogen that degrades 
bradykinin and complement factors C3a and C5a. Complement system is one 
of the important effectors in human immunity. Excessive activation of the 
complement system leads to several inflammatory diseases. The thrombin-TM 
complex activates TAFI with a catalytic efficiency of 1000-fold better than 
free thrombin alone. TAFI cleaves carboxyl terminal arginines of complement 
factors and bradykinin, inactivating their biological activities and down-
regulating the associated inflammatory reaction [44]. In an animal study, mice 
lacking the D1 domain of TM display enhanced deposition of complement 
factor C3 on their joint surfaces and develop more severe inflammatory 
arthritis than wild-type counterparts [19]. 
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TM may also attenuate inflammation by binding and neutralizing 

lipopolysaccharide (LPS). TMD1 domain specifically binds to Lewis Y 

antigen in LPS of gram-negative bacteria [36]. LPS, a component of the cell 

wall of gram-negative bacteria, provides a potent signal to the innate immune 

system and is often used to model gram-negative infections in vitro and in 

vivo. LPS interacts with CD14 and toll-like receptor on the cell surface and 

transduces signals from the cell membrane into the cytosol, activating the 

downstream pro-inflammatory signaling pathways [45]. Soluble TMD1 or 

recombinant TMD1 (rTMD1) could directly bind to LPS, block the interaction 

of LPS with CD14 and reduce the subsequent LPS-induced inflammatory 

reaction by suppressing the activation of mitogen-activated protein kinase and 

nuclear factor kappa B signaling pathways. The release of pro-inflammatory 

cytokines and expression of inducible nitric oxide synthase are thereby 

decreased [46]. By binding to the Lewis Y antigen, rTMD1 can specifically 

induce the agglutination of Klebsiella pneumoniae and enhance the 

phagocytosis of the bacteria by macrophages [46]. 

HMGB1 is another anti-inflammatory target of TM. HMGB1 is a 

ubiquitously expressed nuclear protein that is released from necrotic cells. 

HMGB1 binds to the receptor for advanced glycation end products (RAGE) 

and activates the downstream signaling that is implicated in the pathogenesis 

and/or progression of various clinical disorders, such as infections, sepsis, 

arthritis, and cancer [47]. The lectin-like domain of TM interferes with 

HMGB1 binding to RAGE, thereby impairing HMGB1-RAGE signaling [20]. 

Alternatively, TM may antagonize HMGB1 by enhancing thrombin-mediated 

proteolytic degradation of HMGB1 [48]. 

 

 

Recombinant TM for Treatment of DIC 

 

The recombinant human soluble TM (rhsTM) derived from Chinese 

hamster ovary (CHO) cells, is composed of the extracellular domain of TM 

[49]. Similar to membrane-bound native TM, rhsTM retains the ability to bind 

to thrombin and APC. Administration of rhsTM has been shown to protect rats 

from tissue factor and endotoxin-induced DIC or lung injury [50-52]. In 

addition, rhsTM not only reduces compression trauma-induced spinal cord 

injury by inhibiting leukocyte accumulation and expression of TNF-α [53], but 

also provides protection against ischemia-reperfusion injury in the liver and 

kidney [54, 55]. 
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The rhsTM was first introduced in Japan after the success of a multicenter, 

randomized, double-blinded, phase 3 study involving 232 patients with DIC 

complicated hematological malignancies (n = 131) or infection (n = 101) [25]. 

This clinical trial was designed to compare rhsTM (0.06 mg/kg for 30min once 

day) with heparin (8U/kg/h for 24 h) in DIC patients. The primary end point 

was DIC resolution rate at day 7, and the secondary end points were 

disappearance rate of bleeding symptoms at day 7 and 28-day mortality rates. 

The DIC resolution rate at day 7 was significantly better in patients receiving 

rhsTM (66.1%) than in those receiving heparin (49.9%). The disappearance 

rate of bleeding symptoms at day 7 was also better in patients receiving rhsTM 

(35.2%) than in those receiving heparin (20.9%). However, the 28-day 

mortality of patients receiving rhsTM treatment did not differ from patients 

receiving heparin treatment both in DIC resulting from infection (rhsTM 

28.0%; heparin 34.6%), and DIC resulting from hematologic malignancy 

(rhsTM 17.2%; heparin 18.0%). Greater decreases in plasma thrombin-

antithrombin complex levels and D-dimer levels were observed in patients 

treated with rhsTM. Importantly, rhsTM treatment showed a better safety 

profile with a lower incidence of bleeding-related adverse events. 

A retrospective subanalysis on 80 patients with infection associated DIC 

reveals a similar DIC resolution rate (rhsTM: 67.5%; heparin: 55.6%) and 28-

day mortality rate (rhsTM: 21.4%; heparin: 31.6%) [56]. However, the 28-day 

mortality rate is significantly lower for patients in whom DIC resolved (8.5%, 

P= 0.0004) than those in whom DIC did not resolve (44.8%). Patients in whom 

DIC resolved with rhsTM treatment had lower 28-day mortality rate (3.7%), 

compared to those in whom DIC with heparin treatment (15%). 

A recent study using propensity score retrospectively analyzed 162 

patients with sepsis-induced DIC [57]. Among them, 68 patients received 

rhsTM and the other 94 patients received heparin (15%), antithrombin (7%) or 

no specific treatment for DIC (78%). After adjusting for these imbalances by 

stratified propensity score analysis, rhTM treatment was significantly 

associated with reduced in-hospital mortality (40% vs. 57%; adjusted hazard 

ratio, 0.45; 95 % confidential interval, 0.26–0.77; p = 0.013). An association 

between rhTM treatment and higher numbers of intensive care unit-free days, 

ventilator-free days, and vasopressor-free days were also observed. DIC scores 

were significantly decreased in the rhTM group compared with the control 

group in the early period of treatment, whereas the incidence of bleeding 

related adverse events was not different between two groups.  

A post-marketing surveillance study was conducted to assess the safety 

and effectiveness of rhsTM in the treatment of DIC [58], including 2516 DIC 
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patients associated with infection and 1032 patients with hematological 

malignancy. The DIC scores were significantly decreased in both groups with 

rhsTM treatment. The incidences of critical bleeding in the infection-

associated DIC and malignancy-associated DIC groups were 2.6% and 2.4%, 

and the survival rates were 64.1% and 70.7%, respectively. This study 

demonstrates that rhsTM treatment in DIC patients provides effectiveness in 

DIC resolution and a low incidence of bleeding adverse effect. 

In the United States, a phase IIB clinical trial involving 741 patients has 

been completed by May 2011 to compare the clinical effectiveness of rhsTM 

in the treatment of sepsis with DIC (NCT00487656). The results of this study 

have been uploaded on the website (http://www.artisanpharma.net/news.htm.). 

A Phase III study is currently being conducted in the US for patients with 

severe sepsis associated DIC (NCT01598831). 

 

 

Conclusion 
 

The crosstalk between coagulation and inflammation constitutes the 

critical components of the pathophysiological mechanisms for DIC. TM, 

expressed on the surface of endothelial cells, prevents activation of pro-

coagulant and pro-inflammatory molecules, including thrombin, complement 

factors, LPS, and HMGB1. However, TM expression is down-regulated in 

patients with sepsis and DIC, which may result in systemic dissemination of 

pro-coagulant and pro-inflammatory responses. The ability of TM to suppress 

both coagulation and inflammation makes this molecule a potential candidate 

for treatment of DIC. The therapeutic application of rhsTM in patients with 

DIC has been investigated extensively and rhsTM has been approved in Japan 

for the treatment of DIC since 2008. To date, rhsTM has been shown effective 

in resolution of DIC with a relatively reasonable incidence of bleeding adverse 

effect. However, the effect of rhsTM treatment on mortality of patients with 

DIC warrants a large scale, randomized, controlled study.  
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Abstract 
 

Disseminated intravascular coagulation (DIC) is an acquired 

syndrome characterized by intravascular activation of coagulation as a 

result of varied etiology. DIC in itself is associated with increased 

morbidity and mortality. Rapid diagnosis of DIC is highly desirable as 

prompt initiation of treatment may improve outcomes. However, since no 

single clinical or laboratory test has an adequate sensitivity and 

specificity to confirm or reject diagnosis of DIC, there‘s need to 

incorporate both clinical and laboratory parameters into one composite 

scoring system for the diagnosis of DIC. Scoring systems to diagnose 

DIC were developed by Japanese Ministry of Health and Welfare 
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(JMHW) in 1988, International Society of Thrombosis and Hemostasis 

(ISTH) in 2001 and by Japanese Association for Acute Medicine (JAAM) 

in 2006. 

Each of these scores have unique attributes applicable to some but 

not all etiologies of DIC. The utility of a specific DIC score is dictated by 

the purpose (treatment or diagnosis) for which it is to be used. In a 

dynamic condition like DIC serial monitoring via these scores may be 

more useful for both diagnosis and prognosis. In the near future 

hemostatic molecular markers with higher sensitivity and specificity may 

circumvent the limitations of the existing DIC scores. 
 

Keywords: Disseminated intravascular coagulation. Diagnostic score 
 

 

Introduction 
 

Disseminated intravascular coagulation (DIC) is an ominous complication 

arising from varied conditions like infection, trauma, and malignancy [1-3]. 

In 2001, international society of thrombosis and homeostasis, scientific 

subcommittee (ISTH/SSC) defined DIC as ―an acquired syndrome 

characterized by intravascular activation of coagulation with loss of 

localization arising from different causes. It can originate from or cause 

damage to the microvasculature, which if sufficiently severe can produce 

organ dysfunction‖ [4].  

In sepsis, the vicious cycle of vascular endothelial cell damage and 

associated intravascular fibrin formation arises from cross talk between 

coagulation and inflammation [5]. Though bleeding and organ dysfunction are 

both manifestations of DIC, it is the former which attracts more attention 

despite being a late manifeststion. In DIC of septic origin, organ dysfunction 

occurs due to microvascular thrombi, angiogenic factors, hyperendotoxemia, 

and hypercytokinemia [6, 7, 8].  

Rapid diagnosis and prompt initiation of treatment with interventions 

directed against both coagulation and inflammation have been shown to 

improve outcomes in DIC associated with severe sepsis [9, 10]. 
 

 

Diagnosis of DIC 
 

Currently, gold standard diagnostic test for DIC does not exist. No single 

clinical or laboratory test has an adequate sensitivity and specificity to confirm 

or reject the diagnosis of DIC. Screening assays (global coagulation tests), 
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such as the prothrombin time (PT), fibrinogen, platelet count, and fibrin-

related markers (FRMs), provide important evidence of the degree of 

coagulation factor activation and consumption. However, it is important to 

remember that the underlying diseases which cause DIC, also interfere with 

the interpretation of several tests used for its diagnosis. Though sensitive, a 

prolonged PT and or a declining platelet count in serial estimations, are non-

specific signs of DIC [11, 12]. Contrary to this fibrinogen is specific, but with 

poor sensitivity. Low levels of fibrinogen are indicative of the late severe 

consumptive stage of DIC, prior to which it remain falsely normal or even 

high [13]. Thus despite it‘s diagnostic significance [12], hypofibrinogenemia 

is uncommon except in the most severe cases of DIC. Elevated FRMs, such as 

fibrinogen and fibrin degradation products (FDPs) [14], D-dimer [15], and 

soluble fibrin (SF) are all ndices of thrombin formation. However, these and 

biphasic APTT waveform standalone have not found wide spread clinical 

acceptability for diagnosis of DIC. Furthermore, elevated FRMs may also be 

occur in trauma, recent surgery, or venous thromboembolism. Hence, existing 

guidelines recommend combination of various laboratory markers as against a 

single marker for diagnosis of DIC [12, 16, 17]. 

Numerous hemostatic molecular markers with higher sensitivity (but with 

lower specificity) may be useful in diagnosis of DIC. However, at present 

constraints of cost, clinical bed side ready availiability and, poorly defined cut 

offs hamper their wide spread clinical use.  

 

 

Scoring Systems 
 

As impractical as it may seem, we ideally need a unique DIC score for 

each of the underlying diseases that cause DIC. Absence of an unquestionable 

diagnostic standard for DIC, will continue to fuel research and validation in 

search for an ideal diagnostic score with equally high sensitivity and 

specifcity, clinical bed-side easy applicability, ready availablity, and suitability 

for a wide array of DIC causing diseases. Scoring systems to diagnose DIC 

were developed by Japanese Ministry of Health and Welfare (JMHW) in 1988 

[18] from its older 1983 criteria [19], ISTH/SSC in 2001 [4], and by Japanese 

Association for Acute Medicine (JAAM) in 2006 [20]. All three consist of 

assays of global markers of coagulation and fibrinolysis that are commonly 

available in all hospitals. 
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ISTH/SSC further categorized DIC into an overt (decompenasted), and 

non-overt (pre-DIC or compensated) DIC. The British Committee for 

Standards in Hematology (BCSH), the Japanese Society of Thrombosis and 

Hemostasis (JSTH), and the Italian Society for Thrombosis and Hemostasis 

(SISET) have all recommended their use for diagnosis of DIC [16, 17, 21]. 

The JMHW and ISTH overt DIC diagnostic scoring system, are considered the 

first-generation DIC score, the JAAM DIC score (involving global coagulation 

tests and their changes) is considered the second-generation score, while those 

including non-overt DIC diagnostic score (involving global coagulation tests, 

changes in these tests and hemostatic molecular markers) as the third-

generation DIC diagnostic scoring system [22]. 

 

 

The JMHW DIC Scoring System 
 

The JMHW DIC diagnostic score is as depicted in the table 1. Used 

exclusively in hematological malignancies (HPT) it has shown moderate 

sensitivity and high specificity (HPT). It‘s reliance on subjective clinical 

symptoms of bleeding and thrombosis induced organ dysfunction for which a 

a point each is given, compromises its sensitivity compared to the newer DIC 

diagnostic scoring systems. Differentiation is also made between patients with 

(HPT+) and without (HPT-) hematopoietic malignancies, such that bleeding 

symptoms in HPT are given one point and changes in platelet count are not 

given a score in HPT+ patients. A score of four or more in HPT+ and seven or 

more in HPT- patients is considered diagnostic for DIC. Table 2 depicts some 

of its advantages and limitations. 
 

 

The ISTH DIC Scoring System 
 

The ISTH/SSC overt and non-overt DIC diagnostic scoring system is 

depicted in the table 1. Prior risk assessment for identification of an underlying 

clinical condition that may be associated with DIC is mandatory before using 

the overt DIC score. Also, multiple FRMs (FDP, D-dimer & SF) are used as 

against FDP alone in JMWH and JAAM DIC scores. A score in excess of five 

is compatible with diagnosis of overt DIC. A score less than five is suggestive 

(not affirmative) for non-overt DIC and needs to be repeated in the next one to 

two days. Briefly summarized in table 2 are some of it‘s advantages and 

limitations. 
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ISTH Overt-DIC Diagnostic Scoring 

System 
 

The diagnostic criteria of ISTH overt DIC [4] are a modified version of 

the JMHW DIC score [18]. No points are given for clinical symptoms of 

bleeding and organ dysfunction due to thrombosis since the DIC score in itself 

may form part of scores for organ failure. Though objective abnormal 

laboratory values are used for it‘s diagnosis, no objective clear cut off values 

have been defined for FDP and SF. However, for D-dimer a level >4.0 µg/mL 

is considered a moderate increase, and >40 µg/ mL is a strong increase [24]. 

These cut off values have also been recommended by the Italian Society for 

Hemostasis and Thrombosis (SISET) [17]. The ISTH overt DIC score has a 

higher specificity but lower sensitivity compared to JMHW DIC [18]. In 

sepsis, severe sepsis, surgery or trauma it possessess acceptable diagnostic 

accuracy and a higher score relates to a higher mortality [23, 24].  
 

 

ISTH Non-Overt DIC Diagnostic Scoring 

System 
 

Poor sensitivity and specificity of global coagulation tests, prevents 

diagnosis of non-overt DIC. Hemostatic markers like antithrobin (AT), 

protein-C, and thrombin antithrombin (TAT) complex could diagnose this pre-

DIC stage.  

In presence of an underlying disease known to be associated with DIC 

major and specific criteria are to be considered in this scoring system. Similar 

global coagulation tests are used as in overt-DIC, but with emphasis on trends 

over time, inorder to increase the sensitivity. The SSC recommends daily 

measurements. Specific criteria require AT or protein C or TAT complexes etc 

depending on local availability. However, these criteria were not well 

established [26-29], and now a few more have also been reported [30]. A 

prospective study sugested that molecular hemoststic biomarkers like TAT, the 

fibrin monomer complex (FMC), and AT are useful for diagnosis of pre-DIC 

[16].  

Several definitions of pre-DIC have been proposed including diagnosis 

within a week before onset of DIC [31], four points of overt DIC scores [4], or 

a markedly high hemostatic molecular marker profile, among others. 

Combination of the two ISTH scoring systems [23, 32], or addition of organ 



R. K. Singh 62 

failure score to it [33] may improve the diagnostic capabilities of the non-overt 

DIC scoring system [34].  
 

 

The JAAM DIC Diagnostic Scoring System 
 

In critically ill, the close association between coagulation and 

inflammation [36] is evident by the role of systemic inflammatory response 

syndrome (SIRS) in development of DIC. Realizing that rapid diagnosis and 

prompt treatment would improve outcomes in DIC, JAAM propsoed a new 

JAAM DIC score for the critically ill patients [9, 10, 20]. Insufficient 

diagnostic sensitivity and subjective clinical criteria of the JMWH score 

stimulated the conception of a new DIC scoring system [20, 35]. In a 

prospective validation study conducted in thirteen critical care centers of 

Japan, Gando S, et al., concluded that the JAAM DIC score had an acceptable 

property for the diagnosis of DIC and could identify most of the patients 

diagnosed by JMHW and ISTH score [20]. 

He further proposed that the revised JAAM DIC score (without 

fibrinogen) would be useful for selecting DIC patients for early treatment in 

the critical care setting [20]. Both older and revised JAAM DIC scores are 

depicted in the table 1. A brief summary of advantages and limitations of this 

score are depicted in table 2. Increased sensitivity of this score for diagnosis of 

DIC has been shown in critically ill patients [20, 35], trauma [37, 38], and 

obstetric disorders [39, 40]. It must be emphasized that in sepsis, JAAM DIC 

exists in a dependent continium with ISTH overt DIC, thus providing guidance 

for early treatment [35, 41]. 
 

 

Comparisons between the Three 

DIC Diagnostic Scoring Systems 
 

Absence of a gold standard diagnostic test makes diagnosis of DIC 

challenging. Combination of readily available tests and clinical parameters 

into scores have reduced the impediments and thus facilitated the process of 

DIC diagnosis [16, 17, 21]. However, it must be borne in mind that some 

degree of arbitrariness in assigning power to individual parameters will be an 

inherent property of various scoring systems. Moreover, since a single 

definitive standard diagnostic test for DIC seems a distant possibility, finding 

the most accurate scoring system is likely to remain a matter of further 
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research and validation. A score with the highest sensitivity and specificity, 

applicable in majority of DIC causing diseases, and that which can be clincally 

applied in critically sick population would be universally acceptable. 

However, at present it wouldn‘t be inappropriate to say that ―one size does not 

fit all‖ in the DIC diagnostic scoring systems. A brief summary of the 

advantages and disadvantages of each of the scores is depicted in Table 2. 

ISTH DIC score is often also used in children. In a retrospective analysis 

in children with sepsis and septic shock, ISTH DIC score early in ICU 

admission, is associated with higher mortality [50]. However, difference in 

odds ratio for prediction of outcome in DIC was not observed prospectively 

with either of the scores, despite the fact that they were related to poor 

outcomes [51].  

It must be reemphasized that, a combination of tests repeated over time in 

a patient with suspected DIC can be used to diagnose the disorder with 

reasonable certainity [3, 52, 53]. While the ISTH score has a higher 

specificity, the JAAM DIC has a higher sensitivity for diagnosis of DIC. 

JAAM score is more helpful for selecting DIC patients for early treatment. It is 

important to have a score with higher sensitivity to start early treatment of 

DIC, but it is also equally important to ensure that no person without DIC 

receives the treatment. For this a test with highest sensitivity and highest 

specificity applicable to most DIC causing diseases would be best suited. 

Comparisons between DIC and non-DIC patients seems a predictable 

conclusion. However, discriminatin between survivors and non-survivors 

amongst DIC patients is the challenge. Serial trends and delta changes within 

DIC scores may provide relevant prognostication [58]. Large prospective 

muticenter studies aimed at comparing survivors and non-survivors amongst 

the DIC patients is likely to address this issue. 
 

 

Conclusion 
 

DIC leads to consumption of platelets and coagulation factors, potentially 

causing severe bleeding. Exhausted fibrinolytic activity contributes to 

microcirculatiory fibrin deposits resulting in multiple organ failure. A large 

number of varied clincal conditions predispose to DIC. It‘s high mortality and 

morbidity warrant early diagnosis and prompt treatment. In absence of a 

diagnostic gold standard, reliance on the three DIC scores continues for both 

diagnosis and prognosis. However, the search for not only the most sensitive  



 

Table 1. Comparative Summary of DIC Diagnostic Scoring Systems 
 

Scoring System Japanese Ministry of 

Health and Welfare 

(JMHW) DIC score 

(1988) 

International Society of Thrombosis and Hemostasis 

(ISTH) DIC score (2001) 

Japanese Association for Acute Medicine (JAAM) 

DIC score (2006) 

Overt DIC score Non-overt DIC score JAAM DIC score Revised JAAM DIC score 

Parameter Parameter Value or Range = Score  

Underlying disease 1 Mandatory Risk 

assessment 

If yes: Only then proceed 

Risk Assessment 

Yes = 2; No = 0 

0 0 

Bleeding 

OF due to thrombosis 

HPT(-) = 1; HPT(+) = 

0 

1 

0 0 SIRS score ≥ 3 = 1 SIRS score ≥ 3 = 1 

Platelet count 

(× 109/L) 

HPT (+) = 0 

HPT (-): 

≤120 = 1 

≤80 = 2 

≤50 = 3 

 

 

>100 = 0 

<100 = 1 

<50 = 2 

>100 = 0 

<100 = 1 

Rising = -1 

Stable = 0 

Falling = 1 

>120 = 0 

≥80 and <120 or >30% ↓ 

24h = 1 

<80 or >50% ↓ in 24hr = 3 

>120 = 0 

≥80 and <120 or >30% ↓ 

24h = 1 

<80 or >50% ↓ in 24hr = 3 

Fibrin Related 

Markers (FRMs) 

FDPs(µg/mL): 

≥10 = 1 

≥20 = 2 

≥40 = 3 

FDP, D-dimer, SF 

No increase = 0 

Moderate increase = 2 

Strong increase = 3 

Normal = 0 

Raised = 1 

Falling = -1 

Stable = 0 

Rising = 1 

FDPs(mg/mL): 

<10 = 0 

≥10 = 1 

≥25 = 3 

FDPs(mg/mL): 

<10 = 0 

≥10 = 1 

≥25 = 3 

(Prolonged) 

Prothrombin time 

(PT) 

PT ratio: 

 

≥1.25 = 1 

≥1.67 = 2 

<3 s = 0 

 

>3 s = 1 

>6 s = 2 

<3 s = 0 

 

>3 s = 1 

Falling = -1 

Stable = 0 

Rising = 1 

PT ratio: 

 

<1.2 = 0 

≥1.2 = 1 

PT ratio: 

 

<1.2 = 0 

≥1.2 = 1 



 

Scoring System Japanese Ministry of 

Health and Welfare 

(JMHW) DIC score 

(1988) 

International Society of Thrombosis and Hemostasis 

(ISTH) DIC score (2001) 

Japanese Association for Acute Medicine (JAAM) 

DIC score (2006) 

Overt DIC score Non-overt DIC score JAAM DIC score Revised JAAM DIC score 

Parameter Parameter Value or Range = Score  

Fibrinogen level 

(mg/dL) 

≤150 = 1 

≤ 100 = 2 

>100 = 0 

<100 = 1 

Not included <350 = 1 

≥350 = 0 

Not included 

Additional tests No No Specific criteria: 

Antithrombin (AT) 

(Normal: -1; Low: 1) 

Protein-C  

(Normal: -1; Low: 1) 

TAT complex 

(Normal: -1; High: 1) 

 

Normal: -1 

Abnormal: 1 

No No 

Diagnosis of DIC HPT(+): ≥4 

HPT(- ): ≥7 

>5 

<5 (indicative but not affirmative 

for non-overt DIC) 

≥5 ≥5 ≥4 

Adapted from Critical Care Clinics 2012; 28(3) 373-388, Satoshi Gando: The Utility of a Diagnostic Scoring System for Disseminated 

Intravascular Coagulation., Copyright (2012), with permission from Elsevier.  

 

Abbreviations: OF, organ failure; HPT, hematopoietic tumor; FDP, fibrin(ogen) degradation product; SF, soluble fibrin; TAT complex, 

Thrombin antithrombin complex; APS, antiphospholipid syndrome; EDTA, ethylenediaminetetraacetic acid; HELLP, hemolysis, 

elevated liver enzymes, and low platelet; HIT, heparin-induced thrombocytopenia; HPS, hemophagocytic syndrome; HUS, 

hemolytic uremic syndrome; ITP, idiopathic thrombocytopenic purpura; PaCO2, partial pressure of carbon dioxide, arterial; TTP, 

thrombotic thrombocytopenic purpura. 



 

1. JMHW DIC score: Differentiates between patients with [HPT (+)] and without [HPT (-)] hematopoietic malignancies. 

2. ISTH ‗‗Overt‘‘ DIC score: (1) Mandatory risk assessment (2) An overall cumulative score of >5 is compatible with overt DIC. (3) A 

score <5 may be indicative (but not affirmative) of non-overt DIC. 

3. ISTH ‗‗non-overt‘‘ DIC: (1) Includes scoring for changing values of routine tests over time; (2) Score of ≥5 is considered as 

permitting the diagnosis of non-overt DIC [Reference 4, 26, 34]. 

4. For both ISTH scoring systems: (1) PT=seconds above upper limit of reference range; (2) Degree of elevation in fibrin-related 

markers to be locally defined. 

5. JAAM DIC score: (1) Both ―underlying disease associated with DIC‖ and those to be ―carefully ruled out‖ to be taken into account; 

(2) For presence of ≥3 SIRS criteria add 1 point to score; (2) DIC is diagnosed when the cumulative score is ≥5 in the JAAM DIC 

score and ≥4 in revised JAAM score. 

6. Clinical conditions that may be associated with ISTH overt DIC score: 

a. Sepsis/severe infection (any microorganism); 

b. Trauma (e.g., Polytrauma/Neurotrauma/ Fat embolism) 

c. Organ dysfunction (e.g., severe pancreatitis) 

d. Malignancy (Solid tumors, Myeloproliferative/Lymphoproliferative malignancies) 

e. Obstetric calamities (Amniotic fluid embolism/Abruptio placentae) 

f. Vascular abnormalities (Kasabach-Meritt syndrome/Large vascular aneurysms) 

g. Severe hepatic failure 

h. Severe toxic or immunologic reactions (Snakebite/Recreational drugs/Transfusion reactions/Transplant rejection). 

7. Clinical conditions that may be associated with DIC in JAAM DIC score: 

a. Sepsis/severe infection (any microorganism) 

b. Trauma /burn/surgery 

c. Malignancy (except bone marrow suppression) 

d. Obstetric calamities 

e. Vascular abnormalities (Large vascular aneurysms/Giant hemangioma/Vasculitis) 

f. Conditions that may be associated with SIRS (Organ destruction -e.g., severe pancreatitis/Severe hepatic failure/Ischemia/ 

hypoxia/shock/ Heat stroke/malignant syndrome/Fat embolism/ Rhabdomyolysis) 



 

g. Other. 

8. Clinical conditions that should be carefully ruled out in JAAM DIC score: 

a. Thrombocytopenia 

i. Dilution and abnormal distribution (Massive blood loss and transfusion, massive infusion 

ii. Increased platelet destruction (ITP, TTP/HUS, HIT drugs, viral infection, alloimmune destruction, APS, HELLP, 

extracorporeal circulation) 

iii. Decreased platelet production (Viral infection, drugs, radiation, nutritional deficiency (vitamin B12, folic acid), disorders of 

hematopoiesis, liver disease, HPS) 

iv. Spurious decrease (EDTA-dependent agglutinins, insufficient anticoagulation of blood samples) 

v. Other (Hypothermia, artificial devices in the vessel) 

b. Prolonged prothrombin time (Anticoagulation therapy, anticoagulants in blood samples, vitamin K deficiency, liver cirrhosis, 

massive blood loss and transfusion) 

c. Elevated FDP (Thrombosis, hemostasis and wound healing, hematoma, pleural effusion, ascites, anticoagulant in blood samples, 

antifibrinolytic therapy) 

d. Other. 

9. SIRS, Systemic Inflammatory response syndrome: (1) Temperature >38
o
C or < 36

o
C (2) Heart rate >90beats/min (3) Respiratory rate 

>20 breaths/min or PaCO2 <32 torr (<4.3 kPa) (4) White blood cell >12000 cells/mm
3
, or 10% immature (band) forms. 

 

 

 

 

 

 

 

 

 



 

Table 2. Brief Summary of the Advantages and Limitations of the DIC scores 
 

DIC Score Advantages Limitations 

Japanese Ministry of 

Health and Welfare 

(JMHW) DIC score 

 More applicable to hematologiocal malignancies 

 Weightage points given to the underlying disease  

 Predicts outcome in leukemia  

 High specificity in hematological malignancies 

 Absence of prospective validation studies in non-

hematological malignancies [57] 

 Has limited utility for other etiologies of DIC  

 Has moderate sensitivity 

International Society of 

Thrombosis and 

Hemostasis  

(ISTH) DIC score 

 Utility in critical care settings both in adults and 

children [25, 48] 

 More applicable to both infective and non-infective 

etiologies of DIC [42, 43] 

 Differentiation between overt  and non-overt DIC, 

offers opportunity to treat at the non-overt DIC 

stage when it may be more effective than overt DIC 

[4, 44, 45] 

 Use of multiple FRMs [FDP, D-dimer, SF], 

increases its potential  applicability 

 Has higher specificity than other scores 

 Restrictive usage mandates prior risk assessment before 

further evaluation for overt-DIC  

 Abscence of prospective validation studies in 

malignancies [57] 

 Diagnosis of non-overt DIC requires hemoststic 

markers, whose availability and applicability are not 

universal 

 Subjective criteria used for FDP and SF 

 Despite negligible impact of  fibrinogen on diagnostic 

accuracy [25, 48] it continues to be used  

 

 

 

 

 

 

 

 



 

Japanese Association for 

Acute Medicine  

(JAAM) DIC score 

 More applicable in critical care settings [20, 58] 

 Easy applicability as neither weightage to 

underlying disease nor mandatory risk assessment 

required  

 The inclusion of SIRS and rate of decline of 

platelets [3, 4, 36, 46, 47] has increased its 

sensitivity and thus helps better select patients for 

early treatment of DIC 

 Fibrinogen excluded as it did not affect it‘s 

diagnostic accuracy [20] 

 Dignoses DIC earlier than the other two scores and 

also shows progression to ISTH overt DIC [20, 35, 

58] 

 Diagnoses all ISTH overt DIC cases and also those 

not diagnosed by ISTH overt DIC score[20, 58] 

 Correlation seen with JMWH and ISTH scores in 

septic patients [20, 43] 

 Absence of data on its utility in children  

 Abscence of prospective validation studies in 

malignancies [57] 

 Poor discriminatory power  between survivors and non-

survivors amongst DIC patients at lower APACHE II 

scores [54, 55, 56] 

 Has moderate specificity [20] 

 

 

 

 

Abbreviations: SIRS, systemic inflammatory response syndrome; FRMs, fibrin related markers; FDP, fibrin(ogen) 

degradation product; SF, soluble fibrin;  
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but also most accurate score is not yet finished. Serial trends of the scores may 

further add to their diagnostic and prognostic efficacy. Inclusion of existing 

and upcoming hemostatic molecular markers within these DIC scoring 

systems may further enhance their effectiveness.  
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Abstract 
 

Background: We aimed to determine the prognostic factors 

influencing the hospital mortality of the critically ill patients with 

disseminated intravascular coagulation (DIC). 

Method: We conducted a population-based historical cohort study 

evaluating consecutively admitted adult overt DIC patients from Olmsted 

County at the Mayo Clinic ICUs, from 2004-2010. DIC was diagnosed 
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according to the International Society on Thrombosis and Hemostasis 

overt DIC algorithm. 

The prognostic factors included were patient‘s demographics, 

comorbidities, severity of illness scores and risk factors for DIC. 

Multivariate logistic regression analysis was used to identify the 

independent predictors associated with hospital death. 

Results: A total of 154 patients met the overt DIC criteria, 61 females 

(40%), median age of 63 years (IQR 52-76) and 128 (83%) were 

Caucasians. The hospital mortality was 50.6 %. On univariate analysis, 

age, severe sepsis, septic shock, acute respiratory failure (ARF), heparin 

use, history of congestive heart failure (CHF) and diabetes with organ 

damage were associated with hospital mortality. In the multivariate 

logistic regression analysis, septic shock (Odds ratio [OR] 2.27, 95% 

confidence interval [CI] 1.12 - 4.66), ARF (OR 2.28, 95% CI 1.15 - 4.58) 

and history of CHF (OR 3.57, 95% CI 1.26 - 11.8) were identified as the 

independent predictors for hospital mortality in critically ill DIC patients. 

Conclusion: ARF, Septic shock and history of CHF are independent 

predictors for hospital mortality in DIC patients. Early diagnosis, better 

management of ARF and Septic shock patients, along with history of 

CHF, may contribute better outcomes among DIC patients in the ICUs. 

 

Keywords: Disseminated Intravascular Coagulation; Outcomes; Septic shock, 

acute respiratory failure; Predictors; Hospital mortality 

 

 

Introduction 
 

Disseminated intravascular coagulation (DIC) is a coagulation disorder 

characterized by systemic activation of widespread thrombosis, contributing to 

intravascular fibrin generation and clot formation, resulting in inadequate 

blood supply to organs leading to organ failure [1]. 

In 2001, the International Society on Thrombosis and Hemostasis (ISTH) 

Scientific Subcommittee on DIC proposed a scoring system to diagnose DIC 

and an algorithm to further sub-divide DIC into overt and non-overt DIC [2], 

based on the presence or absence of underlying predisposing conditions. 

Patients admitted to the intensive care units (ICU) are at higher risk for 

developing DIC [1, 3]. DIC is a devastating syndrome with major morbidity 

and mortality in the critically ill patients [1, 3-6]. 

Therefore, it is essential to understand and determine the prognosis of 

critically ill patients with DIC who require ICU admission. Previous studies 
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have identified the severity of illness [7] and sepsis [8] as poor prognostic 

factors of DIC. 

However, specific prognostic features including demographics, 

comorbidities, and presence of predisposing factors such as septic shock, acute 

lung injury (ALI), acute respiratory failure (ARF) and the effects of treatment 

therapies have not been systematically studied. 

Early diagnosis and accurate prognosis are important in improving the 

outcomes of patients with DIC [6]. In a recently published study, we estimated 

that the incidence of DIC in critically ill patients is decreasing, however, the 

mortality rate is still very high [6]. Therefore, we aimed to identify the 

prognostic factors predicting the hospital mortality of the critically ill patients 

with overt DIC. 

Some of the study findings have been previously reported in the form of 

an abstract [9]. 

 

 

Methods 
 

Population: We conducted a population-based historical cohort study of 

adult (≥18 years) Olmsted County residents, diagnosed with overt DIC, who 

were admitted to the Mayo Clinic ICUs in Rochester, MN, from January 1, 

2004 to December 31, 2010 [6]. The Mayo Clinic Institutional Review Board 

approved the study. The Mayo Clinic in Rochester, MN is an academic 

medical center comprising two hospitals - Rochester Methodist Hospital and 

Saint Mary‘s Hospital, with 1900 hospital and 164 adult ICU patient beds [3]. 

The Mayo Clinic hospitals, together with Olmsted Medical center, administer 

> 95% of the primary, secondary and tertiary care provided to the Olmsted 

county population. [10] This provides us an excellent opportunity to identify 

the characteristics of all the cases in Olmsted County with complete detail. 

Case identification: We used the ISTH overt DIC algorithm to identify 

overt DIC patients, with a cumulative score of 5 or above as the diagnostic 

criteria, using platelet counts, prothrombin time, fibrinogen level, and D-

Dimer level as the fibrin related marker [2, 6]. D-dimer level >1 μg/mL was 

considered moderate increase and >4 μg/mL as severe increase, as per the 

recommendations of 49
th

 SSC meeting of ISTH [5, 11]. Patients who denied 

research authorization, those diagnosed with heparin induced thrombo-

cytopenia, thrombotic thrombocytopenic purpura, Child Pugh class C or any 

known congenital coagulation disorders were excluded from the study. The 



Balwinder Singh, Rabe Elias Alhurani and Pablo Moreno Franco 80 

electronic medical records (EMR) of all the patients meeting overt DIC criteria 

were comprehensively reviewed by physician investigators to identify and 

confirm the DIC diagnosis and the predisposing conditions. 

The inter-reviewer agreement between the two physician investigators to 

diagnose DIC and the predisposing conditions was excellent [6]. Figure 1 

provides the details for the ascertainment of DIC cases. 

Data extraction: A standardized protocol was used for the extraction of 

data from the institutional databases and EMR, wherein trained research 

coordinators and critical care research fellows extracted the data from the 

EMR. 

Patient‘s demographics, baseline characteristics, severity of illness [using 

Acute Physiology and Chronic Health Evaluation (APACHE) III score], organ 

failure [using Sequential Organ Failure Assessment score (SOFA) score] were 

extracted from the ICU database which had been validated previously [12]. 

The Charlson index was used to assess the comorbidity status, which was 

extracted using reliable automated digital algorithms [13, 14]. 

 

 

Figure 1. The study flow diagram for the ascertainment of DIC cases. 
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The prognostic factors included were patient‘s demographics (age, sex, 

race) baseline comorbidities (respiratory, cardiac, hepatic, renal, lympho-

reticular and malignancy), APACHE III, Charlson and SOFA scores and 

predictors of DIC. The prognostic factors were defined according to the 

standardized criteria (Severe sepsis and septic shock [15, 16], shock [17], ALI 

[18], acute liver failure [19], ARF [20], acute kidney injury(AKI) [21]). The 

primary outcome of the patients with DIC was hospital mortality. The death 

date of each patient was identified from the EMR and death registration record 

of Minnesota in the event of out-of-hospital deaths. 

 

 

Statistical Analysis 

 

Continuous variables are reported as mean [standard deviation (SD)], 

median [interquartile range (IQR)] and categorical variables as counts and 

percentages. The unpaired Student‘s-t test and Mann-Whitney U test are used 

to compare continuous variables with normal distribution and for skewed 

distribution respectively. We used chi-square and Fisher‘s exact test for the 

comparison of categorical variables, depending on the number of elements in 

each cell. We used a univariate and stepwise multiple logistic regression 

model to estimate the associations between demographics, comorbidities, 

APACHE III, Charlson and SOFA scores, prognostic factors for DIC, and 

hospital mortality as the outcome, and was presented as odds ratios (ORs) with 

95% CIs. We introduced the significant variables on univariate analysis with P 

values < 0.1 into a multivariate logistic regression model. Stepwise backward 

and forward logistic regression model were used, where in one non-significant 

variable was removed at a time. P-values <0.05 were considered statistically 

significant for multivariate analysis. Kaplan–Meier analysis was performed to 

assess the short term (hospital) mortality and compared using Log-Rank test. 

JMP 9.0.1 computer software (SAS Institute, Cary, NC) was used for the 

analysis. 

 

 

Results 
 

A total of 154 patients met the inclusion criteria for DIC from a cohort of 

8089 adult patients admitted to the ICUs (Figure 1). In the study cohort, 61 

(40%) were females, median age of 63 years (IQR 52-76) and 128 (83%) were 
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Caucasians. The median APACHE III score, Charlson index and SOFA scores 

on day one were 97 (IQR, 68 - 120), 3 (IQR, 1- 5) and 10 (IQR, 6 - 13) 

respectively. Seventy eight (50.6%) patients diagnosed with DIC died during 

the hospitalization. The median time to hospital death after DIC onset was 5 

days (IQR 1-10 days). 

While the survivors were younger (60 vs. 67, p = 0.042), the severity of 

illness was similar between the survivors and non-survivors (median 

APACHE III score 93 vs. 102, p = 0.098). The overall comorbidity status 

measured by Charlson comorbidity score was similar among the survivors and 

non-survivors, however, the comorbidities significantly associated with 

mortality were congestive heart failure (CHF), and diabetes with 

complications or end-organ damage (Table 1). The differences in the baseline 

characteristics, risk factors, treatment and outcomes between the DIC 

survivors and non-survivors are shown in table 1. There were 92 severe sepsis 

cases (59.7%), 59 septic shock cases (38.3%) and 68 ARF cases (44.2%). The 

survivors with DIC had less severe sepsis (50 % vs. 69%, p = 0.015), septic 

shock (26% vs. 50%, p = 0.003), and ARF cases (33% vs. 55%, p = 0.006) as 

compared to non-survivors. There was no difference in mortality between the 

DIC cases with other critical care syndromes of ARDS and AKI. 

DIC treatment including the use of heparin alone, heparin with fresh 

frozen plasma (FFP) and platelets, FFP/platelets alone, cryoprecipitate with 

FFP and platelets, and activated protein-C (APC) [22] is summarized in Table 

1. Compared to non-survivor DIC patients, survivors with DIC were more 

often prescribed heparin (29% vs. 16%; p = 0.04). There was no difference in 

the use of other therapies between the DIC patients who survived and who did 

not survive (Table 1). On subset analysis, we observed that the patients 

initiated on APC had a higher median SOFA score (14; IQR 8-15) as 

compared to the rest of DIC patients (median SOFA score of 10; IQR 6-12) 

(not shown in the tables). The median (IQR) lengths of ICU and hospital stays 

were 2.9 days (1.2–7.1) and 12.0 days (6.2-24.8), respectively. There was no 

significant difference between the ICU and hospital length of stays between 

the survivors and non-survivors of DIC. 

On univariate analysis, age, shock (any kind), severe sepsis, septic shock, 

ARF, heparin use, history of CHF and diabetes with organ damage were 

associated with hospital mortality. In the multivariate logistic regression 

analysis, Septic shock (Odds ratio [OR] 2.27, 95% confidence interval [CI] 

1.12 - 4.66), ARF (OR 2.28, 95% CI 1.15 - 4.58) and history of CHF (OR 

3.57, 95% CI 1.26 - 11.82) were identified as the independent predictors 

associated with in-hospital death (Table 2). 
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Table 1. Differences in baseline characteristics, risk factors, medications, 

and outcomes between hospital survivors and non-survivors  

(among DIC patients) 

 

Variable 
Survivors 

(n = 76) 

Non-survivors 

(n = 78) 
p-value 

Demographics 

Age years, median (IQR) 60 (50.6 - 70.4) 67 (54.0 - 77.8) 0.04 

Sex, Female (%) 27 (36) 34 (44) 0.31 

Race, Caucasian (%) 63 (83) 65 (83) 0.94 

APACHE III score, median (IQR) 93 (60 - 112) 102 (71 - 127) 0.10 

SOFA score on day one, median 

(IQR) 
10 (6 - 13) 10 (7 - 12) 0.92 

Charlson score, median (IQR) 3 (1 - 5) 4 (2 - 5) 0.24 

DIC time from admission, median 

(IQR) 
79 (19 - 149) 54 (14 - 199) 0.12 

Comorbidities, N (%) 

Cancer 16 (21) 19 (24) 0.62 

Congestive heart failure 5 (7) 16 (21) 0.01 

Diabetes with organ damage 1 (1) 9 (12) 0.01 

Cirrhosis 10 (14) 17 (22) 0.16 

Leukemia 3 (4) 5 (6) 1.00 

Lymphoma 6 (8) 9 (12) 0.45 

Medications, N (%) 

Heparin 22 (29) 12 (16) 0.04 

Heparin + Platelets/FFP 27 (35) 27 (35) 0.91 

Platelets/FFP 11 (14) 20 (26) 0.08 

APC 2 (3) 6 (8) 0.28 

Others 14 (18) 13 (17) 0.78 

Risk factors, N (%) 

Severe Sepsis 38 (50) 54 (69) 0.02 

Septic Shock 20 (26) 39 (50) 0.003 

Pneumonia 13 (17) 18 (23) 0.35 

Acute respiratory failure 25 (33) 43 (55) 0.005 

Acute lung injury 20 (26) 32 (41) 0.05 

Acute kidney injury 36 (47) 42 (54) 0.42 

Acute liver failure 6 (8) 5 (6) 0.72 

High risk surgery 12 (16) 14 (18) 0.72 

Trauma 2 (3) 3 (4) 1.00 

Outcomes 
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Table 1. (Continued) 

 

Variable 
Survivors 

(n = 76) 

Non-survivors 

(n = 78) 
p-value 

Outcomes 

ICU length of stay, d, median (IQR) 3.0 (1.5 - 6.3) 2.8 (1.1 - 8.3) 0.26 

Hospital length of stay, d, median 

(IQR) 
14.7 (8.5 - 25.8) 8.9 (2.8 - 23.2) 0.32 

Invasive mechanical ventilation (IMV) 

used, n (%) 
53 (70) 60 (77) 0.31 

Non-invasive mechanical ventilation 

used, n (%) 
14 (18) 17 (22) 0.60 

IMV days, median (IQR) 0.6 (0 - 2.8) 0.9 (0 - 6.7) 0.31 

Duration of ventilation, median (IQR) 0.7 (0 – 3.0) 1.2 (0.2 - 7.6) 0.27 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

APACHE = Acute Physiology and Chronic Health Evaluation; APC= activated protein 

C; DIC=disseminated intravascular coagulation; IQR=interquartile range; SOFA= 

Sequential Organ Failure Assessment score. 
 

Figure 2 (A, B and C) shows the survival curves for septic shock, ARF 

and patients with history of CHF, respectively. Even on including the 

APACHE III scores in the model, all the three predictors remained significant, 

with OR for septic shock, ARF and CHF (comorbidity) as 2.16, 2.24 and 3.46 

respectively (Table 3). 
 

 

Discussion 
 

Disseminated intravascular coagulation is a devastating syndrome with 

major morbidity and mortality in the critically ill patients [1, 3, 6]. In this 

study, we observed that the presence of septic shock, ARF and history of CHF 

are independent predictors of the hospital mortality in DIC patients. In contrast 

to previous studies, we did not find severity of illness (APACHE score) and 

age as independent predictors of death [7, 23]. Although age was associated 

with death on univariate analysis, it was not significant on multivariable 

analysis. The probable reason for absence of APACHE III as a mortality 

predictor could be due to overall high severity of illness in our study cohort. 

However, even after including the APACHE III score in the model, septic 

shock, CHF and ARF remained as significant predictors of hospital mortality. 

Thus, confirming their substantial effect on the mortality among the DIC 

patients. 
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Table 2. Univariate and multivariate models for hospital mortality among 

DIC patients 
 

Variables 

Univariate analysis Multivariate analysis 

Odds 

Ratio 
95% CI p- value 

Odds 

Ratio 
95% CI p- value 

Acute kidney injury 1.30 0.69 - 2.45 0.42    

Acute liver failure 0.80 0.22 - 2.77 0.72    

Acute lung injury 1.95 0.99 -3.89 0.05    

Acute respiratory failure 2.51 1.31 - 4.87 0.005
*
 2.28 

1.15- 

4.58 
0.019 

Age 1.02 1.00 - 1.04 0.04
*
    

APACHE III score 1.01 0.999 - 1.02 0.10    

Atrial fibrillation 0.57 0.11 - 2.40 0.44    

Cancer 1.21 0.57 - 2.60 0.62    

Charlson 1.07 0.96 - 1.2 0.24    

Cirrhosis 1.84 0.79 - 4.46 0.16    

Congestive heart failure 3.66 1.35– 11.72 0.01
*
 3.57 

1.26- 

1.82 
0.016 

COPD 0.65 0.26 - 1.56 0.34    

Diabetes with organ 

damage 
9.78 1.77-182.71 0.01

*
    

DIC time from admission 1.00 0.999- .002 0.10    

Only Heparin  0.45 0.20 - 0.97 0.04
*
    

Heparin use
**

 0.55 0.29 - 1.05 0.07    

High risk surgery 1.17 0.50 - 2.75 0.72    

Hospital LOS 0.99 0.98 - 1.01 0.32    

ICU LOS 1.02 0.99 - 1.06 0.24    

IMV days 1.02 0.99 - 1.06 0.30    

Invasive Ventilation use 1.45 0.70 - 3.00 0.31    

Pneumonia 1.45 0.66 - 3.28 0.35    

Post operative 0.71 0.22 - 2.14 0.54    

Renal disease 1.03 0.50 - 2.11 0.93    

Severe Sepsis 2.25 1.18 - 4.39 0.01
*
    

Septic Shock 2.80 1.44 - 5.58 0.002
*
 2.27 

1.22- 

4.66 
0.024 

Sex 1.40 0.73 - 2.70 0.31    

Shock 2.32 1.23 - 4.47 0.01
*
    

SOFA day one 1.01 0.92- 1.10 0.91    

Trauma 1.48 0.24-11.48 0.67    

Ventilation days 1.02 0.99 - 1.06 0.25    
*
statistically significant. 

**
it includes the entire patient with Heparin use (heparin and/or heparin + platelets/ 

FFP). 
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Table 3. Multivariate model for hospital mortality including the APACHE 

III score 

 

Multivariate analysis 

Risk factors Odds Ratio 95% CI P - value 

APACHE III score 1.01 0.995 – 1.02 0.35 

Acute respiratory failure 2.24 1.13 - 4.53 0.02 

Congestive heart failure 3.46 1.22 - 11.47 0.02 

Septic Shock 2.16 1.06 - 4.47 0.03 

 

One of the important finding of our study, is the presence of CHF as a 

strong predictor for hospital mortality. The increased risk of mortality in 

subjects with DIC supports the potential effects of heart failure on the platelets 

and coagulation system. Patients with heart failure are more likely to have 

activation of platelets and coagulation system [24-26], endothelial dysfunction 

and higher proinflammatory cytokine and adhesion molecule levels [26], 

which may contribute to the higher mortality. Use of heparin as a treatment 

therapy for overt DIC cases was significant on univariate analysis; however, it 

could not reach statistical significance on multivariate analysis. Only a 

minority of patients received the controversial activated protein-C or 

drotrecogin alpha (activated) [22, 27, 28]; hence, the data on the use of APC 

should be interpreted with extreme caution. As the sample size of patients who 

received APC is too small, just 5.2% of the whole cohort, they might have 

been chosen selectively to receive this treatment, hence there is a high 

probability of selection bias among these patients. On subset analysis, we 

observed that APC was used only for patients with higher number of organ 

failures, assessed by SOFA scores. 

One of the reasons for low usage of APC could be due to physicians 

mistrust in the medicine, due to higher side-effects and variable results in the 

studies [22, 27, 29, 30]. However, in our study, we did not observe any 

statistical benefit for the survival among DIC patients who were initiated on 

the APC therapy. 

In severe sepsis and septic shock, the activation of the coagulation cascade 

and obstruction of microvasculature is instrumental” [31]. Tissue factor and 

thrombin participate in causing the post-traumatic SIRS and DIC as a frequent 

complication of SIRS in such patients [32]. Early microcirculatory perfusion 

indices in severe sepsis and septic shock are more markedly impaired in non-

survivor compared with survivors and with increasing severity of global 

cardiovascular dysfunction. 
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a 

 

 
b 

Figure 2. (Continued). 
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c 

ARF=acute respiratory failure, CHF=congestive heart failure; DIC=disseminated 

intravascular coagulation. 

Figure 2. Kaplan-Meier survival curves for A) septic shock, B) acute respiratory failure and 

C) congestive heart failure (comorbidity) among the DIC patients. 

In sepsis and shock patients, regional tissue distress caused by 

microcirculatory dysfunction and mitochondrial depression produces regional 

hypoxia and oxygen extraction deficit, which persists despite correction of 

systemic oxygen delivery variables [33]. Taking these perspectives into 

account, the relationship between DIC and sepsis seems to be that of a direct 

causation, perhaps even the more complicated sepsis cases would be strongly 

related to DIC, this would explain the increased mortality found in our study. 

In ARF patients, systemic and pulmonary bacterial infections trigger fibrin 

deposition along septae and intravascular micro-thromboses, thus, indicating 

that both alveolar space and microcirculation are affected by the inflammatory 

challenge. The protease activated receptor activation by tissue factor initiation 

reaction and downstream thrombin enhances inflammation of relevance for 

disease progression in ALI [34]. This could be the reason for the temporal 

association between ARF and DIC, thus higher mortality. 

Our study has certain important limitations. Firstly, due to the 

retrospective-nature of our study, there is a concern for confounding and 

unmeasured bias. We ensured various quality measures to address these issues; 

two reviewers independently made the diagnosis of DIC and identified 

predisposing factors for a subset of patients. 
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The agreement between two physicians for the DIC identification and 

ascertainment of predisposing conditions were к = 0.93 and 0.86 respectively, 

mentioned elsewhere [6]. Secondly, our study was limited to adult overt DIC 

patients, so these findings may not be generalizable to the pediatric 

populations. Thirdly, patients with ISTH DIC scores <5 and non-overt DIC 

cases were not included in our analysis. Hence, our findings cannot be 

generalized to such cases. Fourthly, the study was conducted in a tertiary care 

center; the patient profile might be different from the other primary care 

centers. However, the population based nature of this study might argue 

against this concern. Previous studies have shown that the results from the 

Olmsted County could be generalizable to the Upper-Midwest population, and 

may provide important information which is consistent with the national data 

[35]. 

In conclusion, we identified a strong association between septic shock, 

ARF, presence of CHF as comorbid condition and hospital mortality in DIC 

patients. Thus, early diagnosis, better management of ARF and septic shock 

patients, along with history of CHF, may contribute to better outcomes among 

critically ill DIC patients in the ICUs. 
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Abstract 
 

Severe sepsis and septic shock remain significant health care 

problems worldwide and the leading cause of infection-associated 

mortality among critically ill patients. Recent epidemiological studies 

estimate the incidence of sepsis to be 3.0 cases per 1,000 population (2.26 

cases per 100 hospital discharges) translating to an approximate 750,000 

cases and 215,000 deaths (28.6% mortality) annually in the United States 

alone. Despite numerous advances in early recognition and intervention, 

the mortality rate for septic shock remains unacceptably high, between 

40% and 70%. 

The spectrum of sepsis and shock is defined by: (1) A robust 

systemic inflammatory response to infection, either culture-proven or 

clinically suspected, (2) The presence or absence of organ dysfunction, 

and (3) The ability of the host to compensate for such insults. Without an 

adequate response to fluid and resuscitative efforts, the acute organ 

dysfunction of severe sepsis may rapidly progress to septic shock. The 
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inflammatory response to infection, including endotoxin and exotoxin-

mediated cytokine effects upon fibrinolytic and coagulation cascades may 

result in sepsis-associated coagulopathy. The main mechanisms include 

up-regulation of procoagulant pathways, the tissue factor (TF) pathway; 

impaired function of natural anticoagulants, and inhibition of fibrinolysis. 

Dysregulation may range from subtle hemostatic changes to widespread 

microvascular thrombosis and disseminated intravascular coagulation 

(DIC). DIC is an important and independent predictor of progressive 

organ dysfunction and mortality in patients with sepsis.  

Inappropriate initiation of coagulation during sepsis is dependent on 

expression of TF on circulating monocytes, tissue macrophages and 

endothelial cells. TF drives thrombin generation, fibrin formation and 

deposition, and there is evidence that this procoagulant response is 

followed by an early fibrinolysis due to increased expression of at least 

two types of plasminogen activators. In sepsis, fibrinolysis is rapidly 

attenuated by the release of plasminogen activator inhibitor, type 1 (PAI-

1).  

The resulting effect is a complete inhibition of fibrinolysis causing a 

net procoagulant state, contributing to microvascular thrombosis. 

Procoagulant activity is regulated by three natural anticoagulant 

pathways: Antithrombin (AT), activated protein C (APC), and tissue 

factor pathway inhibitor (TFPI). Sepsis attenuates the function of all three 

pathways.  

The treatment of sepsis-associated DIC requires: (1) Early 

recognition and treatment of the underlying infection, including source 

control as necessary, (2) Early recognition and diagnosis of DIC, (3) 

Multiple organ supportive therapy and correction of coagulopathies. 

Experimental and clinical evidence of the anti-inflammatory properties of 

natural anticoagulants, suggested their potential as a therapeutic strategy 

to treat severe sepsis. Unfortunately, despite promising results from initial 

studies, randomized controlled trials utilizing AT, APC and TFPI to 

reduce sepsis-related mortality have failed to show significant reduction 

of mortality of patients with sepsis. Moreover, recombinant APC was 

withdrawn from the market by November 2011 after a randomized trial 

found no benefit in treated patients. Additional basic and clinical 

investigations are needed to better identify and evaluate specific 

treatments of sepsis-associated DIC. 

 

Keywords: Severe sepsis, disseminated intravascular coagulation, intensive 

care unit, critically ill patient, infection, inflammation, tissue factor, 

fibrinolysis, natural anticoagulants, antithrombin, activated protein C, 

tissue factor pathway inhibitor, thrombomodulin 
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Introduction 
 

Sepsis is defined by the presence of presumed or documented infection 

associated with systemic manifestations such as fever or hypothermia, 

tachycardia, tachypnea, leukocytosis, leukopenia, or the presence of immature 

neutrophils, altered mental status, or hyperlactatemia, among others (Table 1) 

[1]. Through a series of pathogenic events sepsis may evolve to severe sepsis 

(acute organ dysfunction secondary to proven or suspected infection) and 

septic shock (severe sepsis plus hypotension not reversed with fluid 

resuscitation). The septic response involves a highly complex cross talk 

between immune, neuroendocrine, and coagulation systems leading to a robust 

systemic inflammatory response, enhanced coagulation, impaired fibrinolysis, 

and consumption of coagulation inhibitors [2]. Activation of the inflammatory 

response leads to dysregulation of the hemostatic system ranging from 

subclinical activation of coagulation to disseminated intravascular coagulation 

(DIC). Sepsis-associated coagulopathy can result in inadequate fibrin removal, 

fibrin deposition in the microvasculature, and widespread microvascular 

thrombosis, resulting in progressive organ dysfunction, and death. At the same 

time, the persistent consumption of platelets and coagulation proteins may 

result in bleeding of varying severity and origin. There is ample evidence that 

DIC is an important and independent predictor of organ failure and mortality 

in patients with sepsis [3, 4]. The purpose of this chapter is to review the 

pathophysiologic bases of sepsis-associated DIC and the therapeutic 

implications of the cross talk between inflammation and coagulation.  

 

 

Epidemiology 
 

The incidence of sepsis is currently about 750,000 cases annually in the 

United States and incidence continues to trend upward. Between 1979 and 

2000 the diagnosis of sepsis increased from 82.7 cases per 100,000 to 240.4 

cases per 100,000, or an annualized increase of 8.7 percent [5]. The mortality 

rate associated with severe sepsis or septic shock remains between 30% and 

70%. Even single organ dysfunction places patients at a significant risk for 

dying, with mortality rates increasing approximately 15% to 20% for each 

additional dysfunctional organ. Mortality rates are highest (ranging from 50% 

to 80%) for patients with cardiovascular compromise (septic shock) despite 

aggressive medical care. [5-7].  
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Table 1. Diagnostic criteria for sepsis in adults  

 

1. Infection: presumed or documented infection associated with some of the 

following: 

 

2. General variables 

 Fever: temperature > 38.3 ° C 

 Hypothermia: temperature < 36° C 

 Tachycardia: heart rate > 90 per minute 

 Tachypnea 

 Altered mental status 

 Edema or positive fluid balance: > 20 ml/kg over 24 hours 

 Hyperglycemia: plasma glucose > 140 mg/dL in the absence of 

diabetes 

 

3. Inflammatory variables 

 Leukocytosis: WBC count > 12,000 μL-1 

 Leukopenia: WBC count < 4,000 μL
-1 

 Normal WBC count with > 10% immature forms 

 Plasma C-reactive protein more than 2 SD above the normal value 

 Plasma procalcitonin more than 2 SD above the normal value 

 

4. Hemodynamic variables 

 Arterial hypotension: SBP < 90 mm Hg, MAP < 70 mm Hg or an  

SBP decrease > 40mmHg  

 

5. Organ dysfunction variables 

 Arterial hypoxemia: PaO2 / FiO2 < 300 

 Acute oliguria: UO < 0.5 mL/kg/hour for at least 2 hours despite fluid 

resuscitation 

 Creatinine increase > 0.5 mg/dL  

 Coagulation abnormalities: INR > 1.5 or aPTT > 60 seconds 

 Ileus: Absent bowel sounds 

 Thrombocytopenia: platelet count < 100,000 μL-1 

 Hyperbilirubinemia: plasma total bilirubin > 4 mg/dL 

 

6. Tissue perfusion variables 

 Hyperlactatemia: > 1 mmol/L 

 Decreased capillary refill or mottling 
a
 PTT=activated partial thromboplastin time; INR=international normalized ratio; 

MAP=mean arterial pressure; SBP=systolic blood pressure; SD=standard 

deviation; UO=urine output; WBC=white blood cell. Adapted from Dellinger et 

al. [1]. 
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Table 2. Diagnostic criteria for overt DIC by the International Society on 

Thrombosis and Hemostasis 

 

Risk assessment  Patient with underlying disorder compatible with DIC = 

Yes 

 

 

Variables   0 points  1 point   2 points

  

 

 

Platelet count  > 100,000  < 100,000 

 < 50,000 

Elevated fibrin marker No increase  Moderate increase Strong 

increase 

Prothrombin time  < 3 seconds  < 6 seconds 

 > 6 seconds 

Fibrinogen level  > 1.0 g/L  < 1.0 g/L 

 

A score of ≥ 5 is indicative of overt DIC.  

 

DIC frequently complicates sepsis [8]. The International Society of 

Thrombosis and Hemostasis has proposed a scoring system for overt DIC 

(Table 2) [9]. Using these criteria, the diagnosis of overt DIC occurs in 25 to 

50% of all patients with severe sepsis [3, 4], and is strongly correlated with 

morbidity and mortality [8]. In patients with sepsis-associated DIC the 

mortality rate is estimated to be 40%, compared to 27% in patients without 

DIC [4, 10]. Compared to trauma-associated DIC, patients with sepsis-

associated DIC also have a higher mortality [11].  

 

 

Physiological Hemostatic Response 
 

Hemostasis is a highly complex and regulated process that maintains 

blood in a fluid state, controls bleeding, and preserves vascular integrity under 

normal physiologic conditions. Hemostasis is achieved through the interaction 

of platelet activation, blood clotting, and vascular repair. Two key components 

contribute to hemostasis.  

The first involves interaction between vascular endothelial cells and 

platelets to culminate in the formation of a platelet plug at the site of injury 

[12]. The area of endothelial injury provides binding sites for Von Willebrand 
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Factor through the platelet glycoprotein 1b/IX/V complex and fibrinogen via 

integrin receptors [13]. The core of the plug is a platelet-ligand-platelet matrix 

with fibrinogen, fibronectin, and Von Willebrand Factor (vWF) as bridging 

ligands. The platelet-mediated plug formation is not sufficient for stable 

hemostasis.  

The second component of hemostasis is the coagulation system and the 

formation of a stable fibrin clot. The initial platelet plug is stabilized by fibrin 

generated by the coagulation cascade. Fibrin links platelets and provides 

structural support to the blood clot. Tissue Factor (TF) triggers the coagulation 

system.  

The initiation phase starts as the exposed TF forms a complex with 

coagulation Factor VIIa (FVIIa). FVIIa is normally circulated in a biologically 

inactive form in the picomolar range, until complex formation occurs with TF 

[14]. This TF-VIIa complex catalyzes the conversion of Factor X (FX) to 

Factor Xa (FXa), which generates small amounts of thrombin. Balancing this 

process, there is a rapid inhibition of TF-VIIa complex by the TF pathway 

inhibitor (TFPI).  

Conversely, the indirect pathway also activated by TF-VIIa complex is not 

inhibited by TFPI. This cascade converts Factor IX (FIX) to Factor IXa 

(FIXa), and along Factor VIIIa (FVIIIa), converts FX to FXa. Although the 

formation of thrombin by this pathway is small – and insufficient to transform 

fibrinogen to fibrin – it sparks the initiation of the propagation phase. 

Thrombin generated during the initiation phase amplifies the coagulation 

signal by activating Factor XI, Factor VIII, Factor V, Factor XI, and platelets. 

This feedback sustains coagulation after TF-VIIa complex is inhibited by 

TFPI. Successful completion of the propagation phase ends in significant 

thrombin generation and fibrin deposition (Figure 1) [15]. 

At the same time, there are two processes to control procoagulant 

activities: The natural anticoagulant system and the fibrinolytic system. 

Natural anticoagulants, most importantly TFPI and antithrombin (AT), can 

prevent the formation of, or inactivate, thrombin, respectively. The elimination 

phase, the fibrinolytic system, is the last step in the coagulation system. Its 

main function is the conversion of plasminogen to plasmin by the tissue 

plasminogen activator (tPA), and is regulated by plasma mediators that 

inactivate formed plasmin (α2-antiplasmin) or block plasmin generation 

(plasminogen activator inhibitor-1 (PAI-1)).Both systems are important in 

limiting clot formation and fibrin deposition to areas of vascular injury. Any 

dysregulation of the hemostatic system due to infection, cancer trauma, or 

other insult, may lead to DIC.  
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FV: Factor V, FVIIa: Activates Factor VII, FVIIIa: Activated Factor VIII, FX: Factor X, 

FXa: Activated Factor X, FIXa: Activated Factor IX, FXIIIa: Activated Factor XIII, TF: 

Tissue Factor, TEPL: Tissue Factor Pathway Inhibitor. 

Figure 1. Coagulation Cascade. 

 

Pathogenesis of Sepsis-Associated DIC 
 

The main mechanisms of sepsis-associated coagulopathy are up-regulation 

of procoagulant pathways, impaired function of natural anticoagulants, and 

inhibition of fibrinolysis. In severe sepsis, the causative organism triggers a 

systemic inflammatory response which leads to the generation of 

proinflammatory cytokines that act in concert with the offending organism 

and/or associated endotoxins or exotoxins, to elicit the coagulation and 

fibrinolytic pathways. These processes are principally regulated by interleukin 

(IL)-1, IL-6, and tumor necrosis factor (TNF)-α [16], that, in turn, stimulate 
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endothelial cells and monocytes to express TF. Initiation of coagulation during 

sepsis is dependent on expression of TF on circulating monocytes, tissue 

macrophages and endothelial cells which drive thrombin generation, fibrin 

formation and deposition [17, 18]. The essential role of TF exposure in the 

development of DIC was demonstrated in baboon models of severe sepsis [19, 

20]. In these studies, the inhibition of TF diminished the inflammatory 

response, the intensity of DIC and the dysfunction of several organs.  

Three natural anticoagulant pathways oppose the activation of 

coagulation: Antithrombin (AT), activated protein C (APC), and tissue factor 

pathway inhibitor (TFPI). AT rapidly inactivates thrombin by creating 

thrombin-antithrombin (TAT) complexes, which are then cleared from 

circulation. Thrombomodulin (TM) also binds thrombin, inhibiting its 

procoagulant activity. This thrombin-TM (TTM) complex also activates 

protein C, inactivating the essential coagulation factors Va and VIIIa, acting 

and thus acts as an efficient anticoagulant by diminishing thrombin generation. 

Marked reduction in plasma levels of AT occur during sepsis due to the 

decreased hepatic synthesis and increased clearance of TAT complexes [21, 

22]. There is evidence that the second natural anticoagulant, APC, plays a key 

role in the pathogenesis of sepsis-associated organ dysfunction and 

coagulopathy [23, 24]. Activity of the APC system is significantly reduced due 

to low levels of protein C and S [25, 26] and down-regulation of TM. The 

third natural anticoagulant, TFPI, inhibits TF-VIIa complex by forming a 

quaternary complex with FXa. In patients with DIC there is an elevated TF 

level, suggesting a relative TFPI insufficiency that results in unchallenged 

thrombin generation [27]. Sepsis attenuates the function of all three of these 

pathways, resulting in a net procoagulant state.  

After the activation of the TF procoagulant pathway there is an early 

fibrinolysis due to increased expression of at least two types of plasminogen 

activators: Tissue-type plasminogen activator (t-PA) and urokinase-like 

plasminogen activator (u-PA) [28]. In sepsis, endotoxins, TNF-α, and IL-1 

induce the release of plasminogen activator inhibitor, type 1 (PAI-1) that 

rapidly attenuates fibrinolysis [29, 30]. PAI-1 can inactivate both plasminogen 

activators by forming stable complexes with either t-PA or u-PA [29]. Another 

mechanism for fibrinolysis dysfunction is α-2 antiplasmin which inactivates 

plasmin by forming plasmin-α-2 antiplasmin complexes [29]. The resulting 

effect is a complete inhibition of fibrinolysis contributing to microvascular 

thrombosis. In DIC, the rapid activation of the coagulation cascade results in 

vigorous consumption of coagulation factors and platelets leading to severe 

bleeding, or even coexisting thrombosis and bleeding [31].  
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Inflammation and Coagulation Cross-Talk 

in DIC 
 

The relation between inflammation and coagulation is bidirectional, and 

coagulation can also regulate inflammatory activity. There is a significant 

interaction between coagulation proteases and protease inhibitors with specific 

cell receptors on monocytes and endothelial cells that may modulate cytokine 

production or inflammatory processes [32]. TF-VIIa complex, FXa, and 

thrombin can induce pro-inflammatory activities [33]. Thrombin stimulates 

IL-1 production from macrophages; FXa, thrombin, and fibrin can elicit the 

production of IL-6 and IL-8 [33]. AT has important anti-inflammatory 

properties [34], predominately through the attenuation of thrombin activity. 

Thrombin activates endothelial cells and platelets which contribute to local 

inflammation [35].  

Activated platelets release inflammatory mediators to stimulate leukocyte 

activity, all these pro-inflammatory responses are inhibited by AT. There is 

ample evidence that the APC system, in addition to its role as a coagulation 

modulator, regulates inflammation [36, 37]. APC has anti-inflammatory 

effects on monocytes and granulocytes by binding to the endothelial protein C 

receptor (EPCR), activating protease activated receptor, type 1 (PAR-1), and 

inhibiting inflammation and apoptosis [38]. In experiments with septic 

baboons, the blockage of the protein C pathway increased the inflammatory 

response, and this was attenuated by the administration of APC [39]. In sepsis-

associated DIC, there is an insufficient response of anti-inflammatory 

cytokines (IL-1 receptor antagonist, IL-4, IL-10, IL-13, and soluble TNFα 

receptors) to overcome the broad inflammatory response in multiple organs 

[40]. 

 

 

Diagnostic Criteria for DIC 
 

In severe sepsis, activation of inflammatory and coagulation responses 

lead to hemostatic abnormalities ranging from subtle activation of coagulation 

to DIC. Patients with sepsis-associated DIC present with multiple organ 

dysfunction syndrome (MODS), which is the main cause of mortality [41]. A 

myriad of laboratory abnormalities can be found in sepsis-associated DIC, the 

most common of which is thrombocytopenia, although prolonged prothrombin 

time (PT), reduction in fibrinogen, and an increase in fibrin degradation 
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products (FDP) are also frequently observed. Thrombocytopenia correlates 

with thrombin production and is an indicator of the severity of DIC [13, 42]; 

nonetheless, the thrombocytopenia of sepsis-induced DIC must be 

distinguished from other causes, including thrombotic thrombocytopenic 

purpura, liver cirrhosis, medications, radiotherapy, bone marrow suppression, 

or anti-platelets antibodies, among others.  

In DIC, thrombocytopenia is a result of platelet activation and 

consumption, suppression of bone marrow platelet production, and enhanced 

clearance by the reticuloendothelial system [13]. Activated partial 

thromboplastin time and PT are prolonged in almost 50% of patients due to 

consumption of coagulant factors, impaired hepatic production, or vitamin K 

deficiency. But, PT can be prolonged and fibrinogen levels can be reduced in 

patients with hepatic dysfunction. Alternatively, fibrinogen is an acute phase 

reactant, and in patients with a strong inflammatory response to infection, 

fibrinogen level and the platelet levels may be increased, rather than 

decreased. Global coagulation tests can point toward consumptive 

coagulopathy, but may be misleading when alternative underlying etiologies 

are present. Therefore, such studies are not specific for a diagnosis of DIC.  

The Scientific Subcommittee on DIC of the International Society on 

Thrombosis and Haemostasis (ISTH) defined the criteria for overt DIC in 

2001 (Table 2) [9]. These criteria were validated in a prospective study and the 

reported per patient sensitivity was 93% with a specificity of 98% [43]. The 

prothrombin time and the platelet count are valuable in predicting severity and 

risk of mortality [44, 45].  

 

 

Therapeutic Strategies 
 

The keystone of the treatment of sepsis-associated DIC is based upon: (1) 

Early treatment of the underlying infection, (2) Early diagnosis of DIC, (3) 

Multiple organ supportive therapy including intervention for coagulation 

abnormalities.  

While the most important interventions for sepsis-associated DIC include 

the immediate and appropriate antibiotic therapy and source control of the 

underlying infection while providing appropriate supportive care for multiple 

organ dysfunctions, a role for adjunctive therapies to manage coagulopathy 

has been proposed.  
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Heparin, Platelets, and Coagulation Factors  

 

The anticoagulants unfractionated heparin (UFH), low molecular-weight 

heparin (LMWH), and dapanaroid sodium modulate the hemostatic 

abnormalities binding to the enzyme inhibitor antithrombin (AT) causing a 

conformational change that result in its activation. Although theoretically 

useful and widely debated, no randomized, controlled clinical trials of the 

administration of anticoagulants in sepsis-associated DIC have demonstrated a 

beneficial effect on clinically important outcomes [46]. Additionally, the 

safety of therapeutic doses of heparins, in patients who have a higher risk of 

bleeding, remains controversial. In patients with overt thromboembolism, deep 

vein thrombosis, arterial thrombosis, acral ischemia, or purpura fulminans 

therapeutic doses of heparins are indicated [42]. Moreover, guidelines 

recommend the use of prophylactic doses of heparins in DIC [42]. Significant 

thrombocytopenia and low levels of coagulation factors may increase the risk 

of bleeding, but substitution therapy is indicated only if there is active 

bleeding, because the treatment of the underlying cause will correct the 

hemostatic abnormalities [42, 47]. In patients with specific deficiencies such 

as fibrinogen, cryoprecipitate is the recommended therapy with a target goal of 

1 gram/liter [42]. With regards to Factor VIIa, the evidence to recommend its 

use is lacking. There are not randomized, controlled trials demonstrating its 

efficacy [48].  

 

 

New Strategies: Natural Anticoagulants Therapy  

 

In view of recent advances in our understanding of the pathogenic 

mechanisms of sepsis-associated DIC, interest has changed from procoagulant 

replacement to the anticoagulant therapy. As a result, restoration of natural 

anticoagulant pathways, fibrinolysis, and thereby modulation of the 

inflammatory response has been an appealing target for new therapeutic 

strategies. Randomized controlled trials on the efficacy of AT, APC, and TFPI 

to reduce sepsis-related mortality have been completed [10, 49, 50].  

 

 

Antithrombin Concentrate in Sepsis-associated DIC 

 

AT is the main inhibitor of thrombin and FXa. Levels of AT are rapidly 

decreased in early severe sepsis due to formation of complexes between AT 
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and multiple activated clotting factors [51]. In studies of sepsis patients [21, 

51, 52], rapid depletion of AT is highly predictive of a fatal outcome. AT 

replacement consistently improves the outcomes of sepsis in a variety of 

animal models [53, 54], and this is the therapeutic rationale for the use of AT 

in severe sepsis and septic shock patients. Initial trials of AT therapy in sepsis 

revealed promising results [55-59]. In a French, randomized, double-blind 

placebo-controlled trial of 35 patients with documented septic shock and DIC 

[55], the treatment group received AT (90 to 120 IU/kg in loading dose, then 

90 to 120 IU/kg/d during 4 days). The treatment group had a significant 

reduction in the duration of DIC, while the observed 44% reduction in ICU 

mortality did not reach statistical significance. In a randomized, prospective 

study [56] to determine whether long-term AT supplementation had beneficial 

effects on organ function, 40 consecutive surgical patients with severe sepsis 

were randomized to either placebo or AT, and the treatment group received a 

14-day continuous infusion to obtain plasma AT activities > 120%. Findings 

suggested that supplementation with AT may improve lung function, attenuate 

DIC, and prevent the development of liver and kidney dysfunction in patients 

with severe sepsis, but no difference in mortality was observed. A double-

blind, randomized, multicenter study [58], including 120 patients admitted to 

the ICU with low levels of AT (including 56 patients in septic shock) were 

randomized to receive AT (total dose 24000 units) or placebo treatment for 5 

days. Although no overall survival benefit was found, subgroup analysis of 

replacement therapy with AT in patients with septic shock appeared to reduce 

mortality [58]. In a review of the literature from 1966 to 1998, Levi et al. [60] 

assessed the effect of AT on mortality in patients with sepsis and DIC. They 

performed a meta-analysis of randomized controlled trials, and observed a 

statistically significant reduction in mortality (from 47% to 32%, odds ratio, 

0.59; 95% confidence interval, 0.39-0.87). 

Based on the promising results of experimental and small clinical trials, a 

large-scale, double-blind, multicenter, randomized controlled trial (High-dose 

antithrombin in severe sepsis – the KYBERSEPT trial) [49] addressed the 

effect on survival of high-dose antithrombin (administered within 6 hours of 

onset) in patients with severe sepsis and septic shock. The study included 

2,314 adult patients, randomized to receive either intravenous antithrombin 

(30,000 IU in total over 4 days) or a placebo (1% human albumin). The 

protocol allowed low doses of heparin for prophylaxis (≤10.000 IU/d) and 

heparin flushes for catheter patency.  

The mortality rate for the group treated with AT concentrate was 38.9 % 

compared to a mortality rate of 38.7 % for the placebo group (p=0.94). 
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Moreover, the treatment group had more significant bleeding complications 

compared to placebo (23.8% versus 13.5%). Unexpectedly, subgroup analysis 

showed a trend toward a survival benefit at 28 days in patients who did not 

receive concomitant heparin and who met ISTH criteria for overt DIC 

(Relative mortality risk reduction ~15%) and this trend became statistically 

significant at 90 days [49]. A proposed explanation for this finding may be that 

heparin antagonizes the microcirculatory and anti-inflammatory effects of AT 

[37], as evidenced in animal models of sepsis [61]. The potential benefit of AT 

treatment on patients with severe sepsis and DIC remains unclear and should 

be investigated in prospective trials.  

 

 

Recombinant Tissue Factor Pathway Inhibitor in Sepsis-

Associated DIC 

 

TFPI is an endogenous inhibitor of the TF pathway of blood coagulation. 

TFPI forms an inhibitory complex with TF, FVIIa, and FXa, blocking the 

conversion of prothrombin from thrombin. Theoretically, TF inhibitors ought 

to be efficacious in sepsis-associated DIC given the central role of TF/FVIIa 

pathway in the activation of coagulation. In terms of preventing thrombin 

generation, TFPI may inhibit the coagulation cascade at a proximal point 

compared with other antithrombotic agents. Recombinant protein TFPI 

(rTFPI) differs from the native protein by a single additional alanine residue at 

the amino terminus. In animal models of severe sepsis, including lethal 

intravenous Escherichia coli infusion in baboons [62, 63], the administration 

of rTFPI attenuated the coagulopathic response, decreased organ dysfunction, 

circulating levels of cytokines and improved survival. These studies showed 

that administration of rTFPI, even several hours after infectious challenge, 

could improve outcome. In a phase two, prospective, randomized, single-blind, 

placebo-controlled, dose escalation, multicenter trial [64], of 210 patients with 

severe sepsis, the continuous intravenous infusion of placebo or rTFPI at 0.025 

or 0.05 mg/kg/hr for 4 days (96 hrs) reduced the coagulant and the 

inflammatory responses.  

The study showed a trend toward reduction in 28-day all-cause mortality 

in the treatment arm, and demonstrated that rTFPI doses of 0.025 and 0.05 

mg/kg/hr could be safely administered to severe sepsis patients.  

Based on the beneficial results in human phase one and phase two trials 

[62, 64, 65], a phase three randomized, double-blind, placebo-controlled, 

multicenter clinical trial (OPTIMIST trial) [50] was performed. The aims of 
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the study were to assess the efficacy of rTFPI in patients with severe sepsis 

and high international normalized ratio (INR) (≥1.2) and to evaluate rTFPI 

safety in severe sepsis, including patients with low INR. 1,754 patients with an 

INR ≥1.2 and 201 patients with an INR <1.2 were assigned to intravenous 

infusion of either rTFPI (0.025 mg/kg per hour for 96 hours, n = 880) or 

placebo. rTFPI significantly attenuated the coagulopathic response in both 

groups, but the overall mortality at 28 days in the treated group (n = 880) 

versus the placebo group (n = 874) for high INR was 34.2% versus 33.9%, 

respectively (p =0.88).  

Furthermore, there was a significant increase in risk of bleeding in the 

treated group, irrespective of baseline INR [50]. In the rTFPI trials there was 

no difference in the mortality rate in the treatment groups with or without 

heparin, in contrast to the KYBERSEPT trial [49] where heparin may have 

interfered with the beneficial effects of AT concentrate; administration of 

heparin does not appear to explain this trial outcome [50]. A subgroup analysis 

of the OPTIMIST trial [50] showed a trend toward improved survival in 

patients with severe community acquired pneumonia treated with rTFPI 

(mortality rate 27.9% versus 32.7%; p = 0.25).  

The benefit was larger when only severe community acquired pneumonia 

patients with a microbiologically identified infection were included in the 

analysis (mortality rate with rTFPI 27.1%, versus 35.7% with placebo; p = 

0.09). Given these findings, the multicenter, randomized, placebo-controlled, 

double-blind, three-arm study CAPTIVATE trial was conducted [66]. Its goal 

was to assess the efficacy of adjunctive rTFPI in patients with severe 

community acquired pneumonia. 2,138 patients were included in the trial, 946, 

238, and 918 received rTFPI 0.025 mg/kg/h, rTFPI 0.075 mg/kg/h, and 

placebo, respectively.  

The use of heparin was not allowed during the infusion of rTFPI. The trial 

arm receiving rTFPI infusion at 0.075 mg/kg/hour was stopped early for 

futility. CAPTIVATE demonstrated no mortality benefit in patients with 

severe community acquired pneumonia despite evidence of pharmacodynamic 

effect, although it should be noted that the proportion of patients with sepsis-

associated DIC was only 4.8% [66]. Nonetheless, the conclusion from this 

recent and well-conducted study is that the administration of rTFPI provides 

no significant benefit to patients with severe community acquired pneumonia 

or sepsis.  
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Recombinant Human Activated Protein C in Sepsis-Associated 

DIC  

 

Protein C is the zymogen of the protease activated protein C (APC). The 

complex thrombin-thrombomodulin (TTM) activates protein C. By 

inactivating coagulation factors Va and VIIIa, diminishing thrombin 

generation, APC is an efficient anticoagulant. Moreover, APC increases 

fibrinolytic activity and modulates the inflammatory response [51]. Based on 

the concept that depletion of the protein C system may be critical to the 

pathophysiology of sepsis-associated DIC, pharmacologic substitution of APC 

had been investigated as a promising therapy. In early animal models of sepsis 

[39] and in human phase two trial, recombinant human APC (rhAPC) 

decreased organ dysfunction, coagulopathy and death [70]. In several 

randomized controlled trials rhAPC demonstrated a reduction in 28-day 

mortality [50, 67-69].  

The landmark phase three PROWESS trial [10] – a randomized, double-

blind, placebo-controlled, multicenter study – included 1,690 patients with 

severe sepsis and found a significant reduction in all-cause mortality in those 

patients receiving rhAPC (30.8 % placebo versus 24.7 % rhAPC, absolute risk 

reduction of death 6.1 %, p=0.005). The incidence of serious bleeding events 

was higher in the rhAPC group compared to placebo group but this difference 

was not statistically significant (3.5 % versus 2.0 %, p=0.06). This was the 

first clinical trial demonstrating a significant reduction of mortality in patients 

with severe sepsis. As a result, the use of rhAPC in patients with severe sepsis 

and multiorgan dysfunction was advocated in the guidelines for the treatment 

of sepsis [71]. Several secondary analyses followed the publication of the 

PROWESS trial, and demonstrated that patients with the most severe 

multiorgan dysfunction derived the greatest benefit [72].  

However, the role of rhAPC in sepsis remained controversial following 

the publication of several negative studies [68, 69, 73, 74]. A recent Cochrane 

Systematic Review [73], including 5 randomized controlled trials and 5,101 

adult and pediatric patients with severe sepsis, showed that the administration 

of rhAPC did not reduce the risk of death at 28 days and increased the risk of 

bleeding (p=0.001). A prior meta-analysis concluded that, even in severely ill 

patients, the basis for treatment with rhAPC was not strong or even 

insufficient [74]; Clinical trials in specific populations of patients with severe 

sepsis did not show benefit in the 28-day mortality (ADDRESS [68], and 

XPRESS trials [69]). In view of the conflicting reports of the efficacy of 

rhAPC, its exact role in the treatment of sepsis was debated for more than a 
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decade, and unresolved criticisms including the possibility of bleeding 

complications culminated in the manufacturer-sponsored randomized, 

multinational, placebo-controlled, double-blind study to evaluate the 

effectiveness of rhAPC in patients with septic shock (PROWESS-SHOCK 

trial) [75]. This study included 1,697 patients with septic shock who were 

receiving fluids and vasopressors above a threshold dose for 4 hours to receive 

either rhAPC (at a dose of 24 μg per kilogram of body weight per hour) or 

placebo for 96 hours. At 28 days the mortality rate did not differ significantly 

between the two groups (26.4 % in the rhAPC group versus 24.2 % in the 

placebo group (relative risk in the rhAPC group, 1.09; 95% confidence 

interval 0.92 to 1.28; p=0.31). Significant bleeding complications occurred in 

10 patients in the rhAPC group versus 8 in the placebo group (p=0.81). Shortly 

after this trial the production of rhAPC was discontinued and by November 

2011 was withdrawn from the market. An editorial to the study‘s publication 

suggested that this well conducted study should end any further pursuit of a 

niche for rhAPC in the treatment of sepsis [76], however limited studies in 

certain subpopulation continue to be considered today. 

 

 

Recombinant Human Soluble Thrombomodulin in Sepsis-

Associated DIC 

 

TM is an endothelial anticoagulant factor. TM binds to thrombin and this 

complex activates protein C, which plays an important role in the inhibition of 

the anticoagulant and anti-inflammatory response [77]. TM suppresses the 

production of inflammatory cytokines, such as TNFα and IL-1β, via activated 

protein C [77]. In sepsis, the expression of TM is downregulated [25, 26, 78] 

and its replacement is considered a therapeutic strategy. Recombinant human 

soluble TM (rhTM) has been evaluated in animal models of severe sepsis [79, 

80]. These studies showed a marked reduction of liver dysfunction and 

mortality even with delayed treatment of rhTM, concluding that the 

administration of rhTM may be a beneficial treatment for septic patients [80]. 

In a phase three randomized, double-blind clinical trial including 232 patients 

with DIC complicated hematological malignancies (n=131) or infection 

(n=101) [81], the administration of rhTM had a significantly better outcome on 

DIC recovery rate (66.1% in the rhTM group versus 49.9% in the heparin 

group), but the mortality rate at 28 days was similar (28% in the rhTM group 

versus 34.6% in the low-dose heparin group). A phase two randomized, 

double-blind, placebo controlled, multicenter trial, involved 750 septic patients 
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with documented or high risk of overt DIC, evaluated the safety and efficacy 

of rhTM or placebo for 6 days [82]. The 28-day mortality rate was 17.8% in 

the treatment group versus 21.6% in the placebo group (p=0.273), which met 

the pre-specified target of p<0.3 for evidence suggestive of efficacy. A 

subgroup analyses suggested that patients with sepsis, organ dysfunction, and 

coagulopathy (INR > 1.4 and low platelet count) are most likely to benefit 

from treatment with rhTM. Mortality rate was lower in the rhTM group but the 

difference was not statistical significant [82]. Based on these results, a phase 

three randomized, double-blind, placebo-controlled, trial is currently underway 

in the United States to evaluate the safety and efficacy of rhTM in patients 

with severe sepsis and coagulopathy [83]. The results from this study will 

hopefully better define the safety and effectiveness of rhTM in the treatment of 

sepsis-associated DIC.  

 

 

Conclusion 
 

Significant progress has been made in our understanding of the pathogenic 

mechanisms underlying sepsis-associated DIC. Laboratory research has 

revealed the complex mechanisms of physiologic hemostasis and helped 

develop new therapeutic strategies for the management of patients with severe 

sepsis and DIC. A multitude of experimental and clinical studies have 

demonstrated that severe sepsis activates coagulation via TF-Factor VII 

pathway. Importantly, research has elucidated those constituents of the 

coagulation system that may have key modulatory roles in the inflammatory 

response, while emphasizing the extensive cross-talk between the 

inflammatory and coagulation systems. Experimental studies in animal models 

of severe sepsis conducted over the last decades had focused on replacement 

of natural anticoagulants known to be deficient in sepsis. Together with early-

phase clinical trials, these findings suggested that the coagulation inhibitors 

intended to curtail the hematologic and thrombotic complications of DIC 

might constitute effective therapies for human sepsis. Disappointingly, all 

randomized clinical trials [49, 50, 66, 75] to date evaluating these natural 

anticoagulants in patients with sepsis, severe sepsis, and septic shock, have 

failed to demonstrate a beneficial effect on mortality. The role for these 

substances remain incompletely understood and the clinical community 

continues to debate the findings and implications of these studies.  
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Areas of ongoing controversy include: The limitations of animal models in 

the exploration of pathogenic mechanisms of human sepsis [84]; The 

interactions of natural anticoagulants with prophylactic or low-dose heparin 

[49]; Trial designs that do not take into consideration that activation of 

coagulation and fibrin formation are a potent innate antibacterial mechanism 

[85]; The fixed, high dose administration of anticoagulants in most trials 

irrespective of patient characteristics, time period of sepsis, or degree of 

coagulation activation [86, 87]. Consequently, alternative anticoagulant 

therapy for sepsis-associated DIC supported by high-quality evidence does not 

exist at this time. Since sepsis-associated DIC is multicausal, it is postulated 

that simultaneous modulation of inflammatory and pro-coagulant response 

would be more successful. Is there still a place for natural anticoagulants in the 

treatment of sepsis-associated DIC? The answer to this question requires 

further study to better determine a potential benefit. Ongoing trials with rhTM 

and AT hopefully will shed light on this question.  
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Abstract 
 

Introduction: One of the most challenging differential diagnoses in 

acute care medicine is between Coagulopathy of Liver Disease (CLD) 

and Disseminated Intravascular Coagulation (DIC). In this chapter we 

contrast and compare CLD and DIC in regards to the possible etiologies, 
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presentation, pathophysiology, diagnostic tests and management 

strategies. 

Background: Liver disease is a broad term, but in our discussion here 

it refers particularly to three different entities chronic compensated 

cirrhosis, acute liver failure (ALF) and acute-on-chronic liver failure 

(ACLF). Chronic liver disease, particularly end-stage, is characterized by 

clinical bleeding and decreased level of most procoagulant factors with 

the notable exception of factor VIII and von Willebrand factor. Decreased 

levels of the procoagulants are, however, accompanied by decreases in 

levels of such naturally occurring anticoagulants as antithrombin (AT) 

and protein C. Coagulopathy is an essential component of the ALF 

syndrome and reflects the central role of the liver function in hemostasis.  

Presentation: Because liver disease alters pathways of coagulation 

and anticoagulation, patients who have advanced disease can experience 

severe bleeding or thrombotic complications. History and physical 

examination as classically taught can help identify those patients with 

chronic liver disease who present with an acute decompensation. The 

diagnosis of ALF may be more elusive, it includes the presence of 

encephalopathy and coagulation abnormalities within 24 weeks of onset 

of acute liver disease. 

Pathophysiology: The mechanisms of coagulopathy in ALF are 

multifactorial and include diminished synthesis of procoagulant factors, 

impaired anticoagulant and fibrinolytic systems, and defective function 

and number of platelets. Failure of the liver to remove activated 

procoagulants may also contribute to the development of a picture 

suggesting disseminated intravascular coagulation (DIC).  

Diagnosis: End-organ microthrombi, if present, suggest DIC while 

normal ATIII, normal Factor VIII, and absence of microthrombi suggest 

predominant fibrinolysis. INR use in CLD is neither justified nor suitable 

to secure harmonization of results across clinical laboratories that use 

different thromboplastins for PT testing. In patients undergoing liver 

transplantation, and in patients with liver cirrhosis and ongoing bacterial 

infection, heparinase-modified thromboelastography (hep-TEG) has 

detected endogenous heparinoids. TEG has been used for several decades 

to guide transfusion goals in liver transplant centers. 

Treatment: In liver disease patients, the hard-to-dye belief of 

correcting the abnormal traditional hemostasis tests prior to biopsy should 

be reconsidered. While platelet transfusion may be useful to correct 

severe thrombocytopenia; plasma, anti-fibrinolytic, or recombinant 

coagulation agents should be used with caution and decision made on an 

individual basis. 

Conclusion: A multidisciplinary team approach is needed to 

appropriately diagnose and triage patients with severe coagulopathy of 

liver disease. Specialized testing, like factor VIII levels or TEG, may be 

needed to confirm the diagnosis and guide therapy. Treatment may vary, 
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including transfusions, recombinant agents, and transplantation, 

depending on the clinical situation. 

 

Keywords: Acute liver failure, chronic liver disease, coagulopathy of liver 

disease, disseminated intravascular coagulation, thromboelastography 

 

 

Introduction 
 

There is no debate that the care of patients with liver dysfunction is 

challenging. A sole medical specialty dedicated to the care of this group of 

patients is still a big endeavour. For the most part, a mutidisciplinary team 

approach may be needed for complex cases and specific scenarios. Depending 

on the center of care, in some instances, the Primary Care Physician will seek 

the assistance of the Hepatologist as well other specialties like Hematology, 

Nephrology, Critical Care, Infectious diseases, and Transplant Surgery. One of 

the most challenging differential diagnoses in acute care medicine is between 

Coagulopathy of Liver Disease (CLD) and Disseminated Intravascular 

Coagulation (DIC), especially when patients have clinical evidence of 

bleeding.  

In this chapter, we will attempt to contrast and compare CLD and DIC 

with regards to the possible etiologies, presentation, pathophysiology, 

diagnostic tests, and management strategies. 

 

 

Background 
 

The world of coagulation is so complex and diversified that an entire 

medical specialty is dedicated to it. The understanding of the coagulation 

cascade has opened Medicine to be able to treat or prevent multiple medical 

problems, like hemophilias, venous thromboembolism, and coronary artery 

disease among others. Treatment alternatives have been put forward based on 

the understanding of this cascade. Chronic liver disease is perhaps the best 

example among diseases in Hematology as several concomitant abnormalities 

are observed.  

Detailed description of the coagulation cascade is beyond the scope of this 

chapter and we assumed some basic understanding of the 

coagulation/anticoagulation systems.  
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Disseminated intravascular coagulation is the most striking manifestation 

of intravascular activation of the coagulation system with loss of localization. 

The end result is increased thrombin generation and increased fibrinolysis. It is 

always a complication of an underlying process that triggers a cascade of 

events.  

The presence of these underlying processes (e.g., sepsis, trauma, 

malignancies) in combination with the typical laboratory abnormalities will 

make the clinician suspect the presence of DIC. The two clinical forms of DIC 

share clinical manifestations, but differ in the duration and the extension of the 

laboratory abnormalities. 

Acute DIC develops shortly after the offending event with excessive 

thrombin generation, massive consumption of coagulation factors and 

platelets, and microthrombis formation. Chronic DIC patients have 

compensatory mechanisms activated that replenish the depleted coagulation 

factors and platelets to a certain degree. As a consequence, they could be 

asymptomatic or may have some minor skin and mucosal bleeding. 

Liver disease is a broad term, but in our discussion here it refers 

particularly to three different entities: chronic compensated cirrhosis 

(sometimes labeled End Stage Liver Disease, ESLD), acute liver failure 

(ALF), and acute-on-chronic liver failure (ACLF), sometimes refered to as 

―decompensated‖ liver failure. Chronic compensated cirrhotic patients, for the 

most part, have no signs of clinically significant bleeding. It is traditionally 

understood that patients with liver disease have a complex coagulation profile 

that points in the direction of hypocoagulable state. This is not what is 

commonly seen in practice and, in fact, many patients do not have any clinical 

evidence of bleeding or thrombosis.  

This is contrary to common teaching assumptions based on their 

laboratory data. The most frequently used tests for screening and monitoring 

(PT, PTT, INR, and Platelet count) do not do justice to the complexity of the 

disease. In industrialized nations, these tests are widely available and very 

commonly used. There is variability in the testing results, but for the most part, 

the clinicians seem to be very comfortable relying on them. Of note, these tests 

do not say a thing about the global in vivo coagulation state of the patient. 

More ―sophisticated‖ tests that attempt to measure global hemostasis may not 

be widely available at many centers.  

Tests like Thrombin Generation Test (TGT), Thromboelastogram (TEG), 

and clot wave form analysis (APTT WA) have their particular pitfalls [34] and 

not all clinicians are educated in their use and interpretation. This makes it 

difficult to use them as holy grails in the evaluation of the coagulopathic 
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patient but certainly, if available, may help direct prophylaxis/treatment of 

replacement products in this population. 

In patients with chronic compensated cirrhosis, there is liver dysfunction 

and thus all pro-coagulants synthetized by the liver (antithombin, prothrombin 

[Factor II], fibrinogen, plasminogen, antithrombin III, factors V, VII, X, XI, 

XII and XIII) will be low. Anti-coagulants like Protein C and S are also low. 

[27, 28, 54] ALF or ACLF could be characterized by clinical bleeding and 

decreased level of most procoagulant factors with the notable exception of 

factor VIII and von Willebrand factor. [50] Decreased levels of the 

procoagulants are, however, accompanied by decreases in levels of such 

naturally occurring anticoagulants as antithrombin (AT) and protein C. [50] 

Coagulopathy is an essential component of the ALF syndrome and reflects the 

central role of the liver function in hemostasis. [33] 

 

 

Clinical Presentation 
 

The clinical manifestations of DIC include bleeding from catheter sites, 

wounds, drains, mucosal surfaces, gastrointestinal tract, lungs, and Central 

Nervous System (CNS). Organ dysfunction includes acute renal failure, 

hepatic dysfunction with jaundice and elevated liver enzymes, changes in 

mental status with or without focal findings and pulmonary manifestation with 

dyspnea, hypoxemia, hemoptysis, and Acute Respiratory Distress Syndrome 

(ARDS).  

The chronic form of DIC, usually triggered by solid malignant tumors, is 

more likely to present with thrombotic events that include deep vein 

thrombosis, arterial thrombosis, and strokes. 

Liver disease in the forms of ALF, compensated chronic liver disease, and 

decompensated chronic liver disease can mimick the laboratory findings and 

clinical manifestations of DIC. The clinical scenario and a few diagnostic 

laboratory tests may help achieve a more precise diagnosis. 

Clinically, the chronic stable cirrhotic patient may have easy bruising or 

mucocutaneous manifestations particularly blamed on the commonly found 

thrombocytopenia. Other commonly abnormal tests are elevated PTT and INR 

triggering the thought of a bleeding-prone patient. In fact, it is abnormalities in 

fibrinogen that make the PTT/INR become elevated, falsely suggesting 

hypocoagulability in these patients.  



Pablo Moreno Franco, Jose Yataco, Balwinder Singh et al. 124 

The myth that liver patients are protected from thrombotic complications 

has been put to rest. Patients with compensated or decompensated liver 

cirrhosis, that are less than 45 years old, have an increased risk of Venous 

Thromboembolism (VTE). [57] Mesenteric and Portal Venous thrombosis 

have been reported to be about 15% in patients awaiting liver transplant. [44, 

50] This patient population is also thought to be at greater risk of bleeding 

complications like variceal bleeding, reported to be as high as 15% per year. 

[8] So, this creates a dicotomy, how is it that a patient with low platelets, 

prolonged PTT, and prolonged INR can bleed but also form clot? As elegantly 

written by Tripodi et al., there is a new fragile balance in the pro-

coagulant/anti-coagulant system in chronic liver disease. [50] This balance can 

be easily disturbed by events like infections, trauma, and surgery, making the 

diagnosis of CLD and/or DIC even more difficult.  

DIC is a clinicopathologic diagnosis that has features of clinical bleeding 

and thrombosis. [3] This is potentially the source of confusion as it does not 

rely solely on laboratory tests where most of them are very similar to the ones 

found on liver patients (specially the ―decompensated‖ cirrhotics). Common 

laboratory abnormalities in DIC are: low platelet count, prolonged PT, 

prolonged thombin time (TT), prolonged PTT, decreased fibrinogen and 

elevated levels of fibrinogen degradation products (FDP). Fibrinolysis is 

present in DIC with elevated prothrombin fragments 1+2 (F1 + 2), thombin-

antithrombin complexes (TAT). Some authors have demonstrated that in fact 

DIC is not part of the coagulopathy of stable cirrhotic patient as there are not 

demonstrable changes in FDP or F1+2. [3]. Now, in patients with ACLF were 

there can be a trigger can elicit a fibrinolytic response elevating such 

parameters. Infection, among other triggers can alter that fragile balance 

towards fibrinolisys making the patient more susceptible to bleeding. In fact, 

an entity named accelerated intravascular coagulation and fibrinolysis (AICF) 

wich is very similar to DIC has been found in ~30% of patients with moderate 

to severe liver failure and not in chronic compensated cirrhotics. [8]  

ALF is the development of severe liver dysfunction with hepatic 

encephalopathy and coagulopathy in an individual without cirrhosis or 

preexisting liver disease. Laboratory findings include prolonged prothrombin 

time with INR ≥ 1.5 (must be present), minimal or no prolongation of PTT, 

thrombocytopenia, and usually normal fibrinogen levels. The differentation 

with DIC is for the most part simple, with ALF having marked elevation in 

aminotransferance, bilirrubin, and ammonia levels. The clinical manifestations 

of ALF are initially nonspecific with malaise, lethargy, nausea/vomiting, and 

pruritus followed by more particular manifestations of liver disease like 
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progressive hepatic encephalopathy, jaundice, and ascitis. The prolonged 

prothrombin time and thrombocytopenia in ALF, along with the decline in 

both procoagulant and anticoagulant factors, cause a disturbance in the 

coagulation homeostasis that is complex and heterogenous. [2, 22] Based on 

TEG, 45% of patients with ALF have a normal coagulable state, 20% have a 

hypocoagulable state, and 35% are hypercoagulable. [2]  

Patients with chronic liver disease have profound abnormalities in the 

coagulation system, with a rebalanced hemostatic state that is precarious and 

unhealthy compared to normal individuals. This restored balance of 

homeostasis may easily shift to either hypo or hypercoagulability under 

precipitating circumstances like infections, toxins, and ischemia. 

Chronic liver disease may be present for years without diagnosis and 

patients with liver disease could be asymptomatic or minimally symptomatic 

until a moment of acute decompensation with a myriad of manifestations. In 

the past, autopsy series reported cirrhosis in up to 30-40% of cases. [12] Those 

undiagnosed individuals, unaware of their chronic liver disease can present 

with bleeding and thrombotic complications in addition to multiple organ 

failure very similar to those present in disseminated intravascular coagulation. 

The suspicion for underlying chronic liver disease has to start with a 

detailed history and physical exam. The past medical history should focus on 

history of alcohol consumption, viral hepatitis, use of illicit drugs, history of 

transfusions, and history of systemic, autoinmmune, or congenital diseases. 

They usually have a long time history of fatigue, weight loss, peripheral 

edema, easy bruising, pruritus, ascites, and mild cognitive deficits. 

A number of physical findings can be present in chronic liver disease. [16, 

25] The skin examination can reveal: 

 

 Jaundice, usually detectable when bilirrubin level is above 2.5 mg/dl 

 Palmar erythema, increased speckled mottling pattern of the palm, on 

the thenar and hypothenar eminences of the palm 

 Nail changes, horizontal white bands alteranting with normal color, 

nonspecific finding 

 Telangiectasias, mostly distributed on the trunk, face and upper limbs. 

The density and size of these spider angiomata correlate with the 

severity of liver disease 

 Clubbing and hypertrophic osteoarthropathy 

 Dupuytren‘s contracture, wich results from thickening and shortening 

of the palmar fascia 
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Other physical findings in liver disease include: 

 

 Splenomegaly 

 Hepatomegaly, although cirrhosis can also have normal or small liver 

size  

 Ascites 

 Caput Medusae 

 Gynecomastia and testicular atrophy 

 Asterixis  

 

Patients with very advanced chronic liver disease or decompensated 

cirrhosis have serious disarrangements of hemostasis. A severe decrease in 

most of the factors involved in the coagulation system, procoagulants, 

anticoagulants and thrombocytopenia create a frail situation with active 

bleeding and sometimes thrombosis/organ dysfunction that resembles DIC. 

Patients can present with mucosal bleed, epistaxis, purpura, easy bruising and 

spontaneous bleed from drains and catheters.  

More serious manifestation of bleed can take place in the lungs, 

gastrointestinal tract or central nervous system, sometimes with catastrophic 

consequences. 

 

 

Pathophysiology 
 

Chronic liver disease causes a very complex change in the coagulation 

system that is not detected by routine hemostatic tests like platelet count and 

measurement of PT/PTT.  

In normal individuals with acute illness, including DIC, they may indicate 

a propensity for spontaneous bleeds. This is not the case for patients with 

chronic liver disease in which laboratory and clinical evidence indicate that the 

hemostatic system is in a ―rebalance‖ status with changes in procoagulant 

factors, anticoagulant factors, platelets and fibrynolysis. [19, 20, 29, 41, 53] 

 

 

 

 

 



 

 

Figure 1.
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Table 1. 

 
 

 

 

 

 

 
 

 

 

 

 

 
 

 

 

 

 

 
 

 

 

 

 

 
 

 

 

 

 

 
 

 

 

 

 

 
 

 

 

 

 

 
 

 

 

 
 

 
 

 

 

 
 

 
 

 

 

 
 

 
 

 

 
 

 

 
 

 

 

 
DIC ALF CLF ACLF 

Etiology 

Sepsis, trauma, 

post-surgical, 

obstetric 

complications, 

malignancy, others 

Tylenol overdose, 

Viral infection, ETOH, 

Wilsons, Drugs, others 

Chronic Viral 

Hepatitis, ETOH, 

NASH, Wilsons, 

Others 

Superimposed 

infection, 

superimposed 

medication toxicity, 

ischemic insult, drug 

toxicity, surgeries, 

others 

Physical exam Variable 
Encephalopathy, +/- 

jaundice 

Stigmata of chronic 

liver disease 

Stigmata of chronic 
liver disease may be 

present 

Signs of clinical 

bleeding 
plus/minus plus/minus plus/minus plus/minus 

Manifestations 

AKI, hepatic 

dysfunction with 

jaundice and 

elevated liver 
enzymes, 

hypoxemia, 

hemoptysis and 

ARDS 

Initially malaise, 

lethargy, 

nausea/vomiting, 

pruritus followed by 
hepatic 

encephalopathy, 

jaundice and (rarely) 

ascitis  

Easy bruising, 

mucocutaneous 
manifestations, 

gastrointestinal bleed 

Combination of acute 
and chronic 

manifestations 

Hb Variable Variable Usually low Usually low 

Peripheral Smear 
may have 

schistozytes 
Variable 

macrocytosis, 

acanthocytes and 

target cells 

Variable 

PT Prolonged Usually prolonged Nl/prolonged 
NL or Prolonged in 

AICF 

INR Prolonged 
Prolonged ≥ 1.5 (must 
be present) 

Nl/prolonged 
NL or Prolonged in 
AICF 

PTT Prolonged plus/minus Variable Variable 

Platelet count Low Variable Low Low 

Factor VIII Low 
Usually elevated if 

low suggests DIC 
NL/low Nl/low 

Von Willenbrand NL to high NL to low Nl-very high NL/low 

ADAMTS 13 Low Unknown Decreased Decreased 

ATIII Decreased Decreased NL/low Nl/low 

Fibrinogen Decreased Usually normal 

Low or normal 

fibrinogen by 
immunologic assays; 

and reduced 

fibrinogen in 

functional assays 

Nl/low 

Fibrinogen 

Degradation 

Products 

Elevated Variable Variable Elevated in AICF 

TEG Fibrinolysis 
45% normal, 20% 
hypocoagulable, 35% 

hypercoagulable 

Normal to increased 
R+K time, decreased 

MA and angle.  

Fibrinolysis in AICF 

TAFI Activated Decreased Decreased Unknown 

PAI-1 Decreased 
Depressed in severe 
liver failure 

Increased 
Depressed in severe 
liver failure 
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DIC ALF CLF ACLF 

Prothrombin 

fragments 1+2 
Elevated Unknown 

Not significantly 

different than normal 

controls 

Elevated in AICF 

Thrombin-AT 

complexes 
Present Increase 

Not significantly 

different than normal 
controls 

  

Protein C Low Low NL/low Nl/low 

Protein S Low Low Nl/low Nl/low 

Aminotransferases Nl/slightly elevated Marked elevation Variable Usually elevated 

Bilirrubins Nl/slightly elevated Nl/Elevated 
Usually elevated, 

depends on etiology 
Usually elevated 

Ammonia levels NL  Elevated Variable Variable 

Glucose level Variable Nl to decrease Variable Variable 

Risk of venous 

thrombosis 

Sometimes in 

chronic DIC 

usually in setting of 

solid organ tumor 

(i.e., DVT) 

Rare 
Yes (i.e., DVT, PVT, 

MVT)  

Yes (i.e., DVT, PVT, 

MVT)  

Arterial 

thrombosis 

Sometimes in 

chronic DIC 

usually in setting of 

solid organ tumor 

(i.e., stroke) 

Rare Rare Rare 

Risk of clinical 

significant bleed 

Yes (i.e., 

venipuncture site, 

wounds, drains, 

mucosal surfaces, 

gastrointestinal 

tract, lungs and 

CNS) 

Yes (i.e., venipuncture 

sites, CNS) 
Yes (i.e., variceal)  Yes (i.e., variceal)  

ACLF: Acute on chronic liver failure; AICF: Accelerated intravascular coagulation 

and fibrinolysis; ALF: Acute liver failure; AT: antithrombin; ATIII: antithrombin 

III; CLD: Coagulopathy of liver disease; CLF: Chronic liver failure; DIC: 

Disseminated Intravascular Coagulation; DVT: deep venous thrombosis; INR: 

International Normalized Ratio; MVT: mesenteric vein thrombosis; NL: Normal; 

PT: Prothrombin Time; PTT: partial thromboplastin time; PVT: portal vein 

thrombosis; TT: thromboblastin time 

 

 

Coagulation Factors 

 

The synthetic function of the liver becomes significantly impaired with 

progression of liver disease. When this occurs, decreased production of non-

endothelial cell derived procoagulation factors (FII, FV, FVII, FIX, FX, FXI, 

FXII, and fibrinogen) disturbs homeostasis in the direction of 

hypocoagulability. [20, 52] A simultaneous and parallel change occurs in the 

liver-synthesized anticoagulant proteins C, protein S, and AT III, rebalancing 

the coagulation system.[19, 23, 50] 
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Besides the liver-derived changes in the levels of procoagulants and 

anticoagulants, many other alterations in the haemostatic system take place to 

generate a new rebalance state (table 1). 

 

 

Platelet Level and Function 

 

Thrombocytopenia is almost universal with the progression of liver 

disease. The mechanism of thrombocytopenia is multifactorial due to a 

combination of hypersplenism, bone marrow depression and change in 

thrombopoietin metabolism. [37] However, patients with liver disease very 

commonly have very high levels of von Willebrand factor, which may restore 

platelet adhesion properties to the subendothelium at sites of vascular injury. 

[18] Furthermore, levels of ADAMTS 13 are reduced in cirrhosis, this may 

further contribute to the restoration of platelet function. [50] 

Using an assay that resembles in vivo thrombin generation, a platelet 

count of 56,000/microL has been demonstrated to produce enough thrombin at 

a level equivalent to the lower limit of the normal range in healthy subjects. 

[51] 

 

 

Fibrinolysis 

 

After deposition of fibrin within the vascular system, a tightly regulated 

process of fibrinolysis converts the proenzyme plasminogen into the active 

enzyme plasmin, in charge of degrading fibrin. Evidence of increased 

fibrinolysis has been reported in a high percentage of patients with liver 

disease in parallel to the degree of liver dysfunction. [17] Cirrhotic patients 

have some laboratory findings that favor hyperfibrinolysis: increased levels of 

TPA, reduced levels of plasmin inhibitor and reduced levels of TAFI. 

Simultaneously, they also have changes that cause hypofibrinolysis: reduced 

plasminogen levels and increased levels of PAI (Plasminogen activator 

inhibitor). [21] Therefore, the balance of fibrinolysis in compensated liver 

disease is probably restored by the parallel changes in profibrinolitic and 

antifibrinolitic drivers. However, an acute event causing decompensation of 

liver disease (i.e., sepsis, trauma, and toxins) can perturbate this fine balance 

triggering hyperfibrinolysis with hemorrhage or hypofibrinolysis with 

thrombosis.  
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Under these circumstances, it could be very difficult to differentiate 

clinically the presentation of decompensated chronic liver disease from the 

syndrome of disseminated intravascular coagulation that follows an acute 

trigger. 

 

 

Diagnostic Tests 
 

There is no single test that can make the diagnosis of DIC. Likewise, there 

is no single test that can make the diagnosis of CLD. Tests commonly used as 

a starting point for diagnosis include: hemoglobin level, platelet count, and 

blood smear analysis. Specialized coagulation laboratories that include PT, 

aPTT, TT, TEG, FDP, and certain coagulation factor levels may generate the 

highest diagnostic yiels. There may also be some value to measuring liver 

function tests, particularly bilirubin level, albumin level, glucose level and 

degree of elevation as well as trend of transaminases. 

Anemia and several morphologic changes, including macrocytosis, 

acanthocytes, and target cells, can be seen in patients with liver disease and 

hypersplenism. These changes are usually secondary to the combination of 

abnormal lipid metabolism, excess cholesterol content in the outer leaflet of 

the RBC membrane, and deformation stress during transit through splenic 

microcirculation. [55]  

Thrombocytopenia is the most common and first of the abnormal 

hematologic indices to occur in patients with cirrhosis, followed by leukopenia 

and anemia. [39] Patients with liver disease and thrombocytopenia have serum 

thrombopoietin concentration higher than normal controls. [11] In the liver 

patients, the number of circulating platelets and the serum levels of 

thrombopoietin are inversely correlated with the size of the spleen, suggesting 

that thrombopoietin, although normally produced, might be turned over in 

platelets sequestrated in the spleen. [11]  

Leukopenia is also a frequent laboratory finding in coagulopathy of liver 

disease. A combination of leukopenia and thrombocytopenia at baseline 

predict increased morbidity and mortality. [39]  

Historically, PT/INR has been used in patients with chronic liver disease 

as part of prognostic indices such as Child-Pugh score and model for end-

stage-liver-disease score (MELD). But several studies have shown that PT, 

INR, and aPTT are not good predictors of gastrointestinal or post-procedural 

bleeding. [42, 52] The other problem is that INR has not been validated in 
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patients with cirrhosis. INR use in CLD is neither justified or suitable to secure 

harmonization of results across clinical laboratories that use different 

thromboplastins for PT testing. [49] PT and PTT are designed to be sensitive 

to procoagulant proteins, but not to anticoagulant proteins that are also 

decreased in liver disease. The obvious conclusion is that the value of trying to 

correct these parameters to specific ―goals‖ borrowed from other patient 

populations is uncertain. Therefore, the clinician should consider if transfusion 

of expensive and potentially harmful blood products or procoagulant factors is 

really indicated, either by clinical scenario of ongoing bleeding or TEG 

abnormalities.  

With the exception of tPA and PAI-1, all fibrinolytic and antifibrinolytic 

proteins are synthesized in the liver. [20] When measuring PAI-1 it has been 

found to be elevated in patients with chronic liver disease, but depressed in 

severe liver failure. [4] Decreased hepatic clearance of tPA and reduced 

synthesis of alfa2 anti-plasmin and thrombin activatable fibrinolysis inhibitor 

(TAFI) favor both an increase in circulating plasmin and a hyperfibrinolytic 

state in cirrhosis. 

FDP is one of the most sensitive tests for DIC. Unfortunately, this test 

may not be helpful to differentiate from CLD due to impaired hepatic 

clearance. What is important to know is that in CLD, compared to DIC, these 

parameters do not change rapidly. End-organ microthrombi, if present, suggest 

DIC, while normal ATIII, normal Factor VIII, and absence of microthrombi 

suggests predominant fibrinolysis. [33] Dysfibrinogenemia has been reported 

in up to 75% of patients with chronic liver disease, cirrhosis, and ALF. 

Characteristic laboratory finding of dysfibrinogenemia include elevated PT, 

aPTT or TT; low or normal fibrinogen by immunologic assays; and reduced 

fibrinogen in functional assays. Even in the presence of these abnormalities, 

the role of dysfibrinogenemia as a contributing factor to bleeding in liver 

disease patients is not clearly established. 

Accelerated intravascular coagulation and fibrinolysis (AICF) has been 

detected in up to 30% of cirrhotics, depending on the degree of liver failure. 

[5, 43] This diagnosis would require the use of highly sensitive tests, such as 

prothrombin fragment 1+2 (a marker of in vivo thrombin generation), D-

Dimer (a product of thrombin and plasmin activation), high-molecular-weight 

fibrin/fibrinogen complexes, or soluble fibrin. [8] AICF probably results from 

the formation of a fibrin clot that is more susceptible to plasmin degradation 

because of elevated tPA levels or the presence of dysfibrinogenemia. [8] AICF 

seems to occur predominantly in patients who have moderate-to-severe liver 

failure, but is not detected in compensated patients. [53] 
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Hyperfibrinolysis has been associated closely with the degree of liver 

failure and ascites and constitutes a further risk, in adition to variceal size, in 

predicting gastrointestinal bleeding. [56] As a consequence of 

hyperfibrinolysis, clotting activation maybe delayed because of the 

consumption of clotting factors and inhibition of fibrin polymerization. [31] 

Hyperfibrinolysis also reduces platelet adhesion and aggregation by 

degradation of von Willebrand‘s factor and fibrinogen platelet receptors 

(glycoprotein Ib and IIb/IIIa). [46] Hyperfibrinolysis may provoke clot lysis 

by inducing platelet disaggregation and disruption of the hemostatic plug. 

[26]Hyperfibrinolysis may delay primary hemostasis or clotting activation or 

induce disruption of the hemostatic plug, thereby aggravating variceal 

bleeding and increasing the likelihood of recurrence. [46]  

For many years TEG has been used by anesthesiologists and intensivists 

in patients with ESLD, ALF, and ACLF who present with bleeding disorders 

or during the perioperative period. TEG allows in-vitro analysis of the 

interactive dynamic coagulation processes, from initial clotting cascade and 

platelet interaction to clot strengthening and fibrinolysis. It has also been 

successfully used to detect hypercoagulable states and offers a valid alternative 

to standard tests. In patients undergoing liver transplantation, and in patients 

with liver cirrhosis and ongoing bacterial infection, heparinase-modified 

thromboelastography (hep-TEG) has detected endogenous heparinoids. [58] 

Until recently the role of TEG in non-transplant related liver resections had not 

been well characterized. An Italian group conducted a very detailed study to 

characterize the coagulation profiles of this patients based on TEG. They 

found TEG evidence of normocoagulability in the liver resection group, 

despite early increase in INR and aPTT and reduction in PLTs, fibrinogen, and 

ATIII in all patients studied. [7] Prior studies had also shown the important 

role of TEG in evaluating coagulation and platelet function  [47] and in 

guiding the treatment depending on what particular parameter is altered. [45] 

Therefore, one of the most valuable tests to assess coagulopathy and guide 

therapy in CLD is TEG. 

 

 

Treatment 
 

The main concept here is that the clinician should not treat laboratory 

abnormalities that do not translate as clinically significant syndromes. For 
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example a patient with mild thrombocytopenia and elevated INR, who has 

minor mucosal bleeding, may not require expensive and risky transfusions. 

In liver disease patients, the hard-to-dye belief of correcting the abnormal 

traditional hemostasis tests prior to liver biopsy should be reconsidered. This is 

an area of debate, but the majority of providers agree that patients should 

avoid drugs that may alter coagulation or platelet function, platelet count 

should be above 50,000, and even if the prothrombin time is elevated by more 

than three seconds, the risk of bleeding is minimal. Patients who have greater 

abnormalities of coagulation may receive fresh frozen plasma (FFP) or platelet 

transfusions before the procedure. [54] The caveat here is that there is no 

evidence to determine that specific ―goals‖ need to be met. Given risk/costs 

related to these transfusions, an intermediate approach directed to transfuse 

just before and even during the procedure itself, may be a safer and better 

blood product management strategy. 

Oral vitamin K and bile salts are sufficient for treatment of mild vitamin K 

deficiency. Intramuscular or intravenous administration of vitamin K (5mg/d) 

is effective in correcting PT within 24-48 hours. [13] Due to concerns with 

cost and risk of anaphylaxis associated with parenteral formulations, the oral 

route is usually preferred. Many practitioners give 10mg of vitamin K orally, 

unless there is need for expedited treatment with parenteral routes. In those 

cases the subcutaneous route is preferred, based on reported cases of 

anaphylaxis with intravenous administration. [10] 

1-deamino-8-D-Arginine-vasopressin (DDAVP) is frequently prescribed 

in patients with CLD who concomitantly have renal dysfunction. DDAVP is a 

synthetic analog of vasopressin that acts by stimulating the release of 

molecular weight multimers of von Willebrand factor from endothelial cells, 

although other mechanisms have also been suggested. [59] It is administered 

intravenously at a dose of 0.3 micrograms/Kg over 30 minutes. [15] Bleeding 

times improve in about one hour and the effect lasts up to eight hours. [30] 

FFP is perhaps too commonly used to correct INR in patients with liver 

disease. FFP is certainly a suitable agent for the correction of multiple 

coagulation defects in patients with liver disease because it contains all 

coagulation factors and inhibitors present in blood. [13] When the indication is 

correct, for example a bleeding patient with an abnormal TEG, it can be a life 

saving therapy. Risks commonly associated with FFP include transfusion-

related acute lung injury, transfusion-associated circulatory overload, and 

allergic or anaphylactic reactions. Other less common risks include 

transmission of infections, febrile nonhemolytic transfusion reactions, red 

blood cell alloimmunization, and hemolytic transfusion reactions. [36]  



Coagulopathy of Liver Disease … 135 

Platelet transfusion is required for severe thrombocytopenia. In practice, 

platelet transfusions are commonly seen before procedures if the platelet count 

is less than 50 thousand. But platelet transfusions have been identified as an 

independent risk factor for adverse post-operative outcomes after liver 

transplantation. [6] The same group also reported decreased survival of liver 

transplantation patients as a function of platelet transfusions due to higher 

rates of ALI or ARDS. [38] 

Since cryoprecipitate contains both fibrinogen and factors VIII and XIII, 

its use is rarely necessary because of the high level of factor VIII in cirrhosis. 

The usual indication for transfusion in this patient population is 

hypofibrinogenemia or severe fibrinolysis that results in selective destruction 

of factor VIII. Transfusion of 1 unit of cryoprecipitate containing 300 mg of 

fibrinogen increases the fibrinogen level approximately 10 mg/dl in a patient 

weighting 60 Kg. The half life of fibrinogen is approximately 3-4 days, and 

repeated transfusions of cryoprecipitate are necessary to supplement the loss. 

[13] During liver transplantation trans-p-aminoacetyl-cyclohexanecarboxylic 

acid has been used without complications and E-aminocaproic acid has proved 

to be very effective in treating fibrinolysis. [14] 

Thrombopeitin receptor agonists have been studied in an attempt to 

improve platelet count before procedures and try to avoid platelet transfusions. 

Eltrombopag has been coparted to placebo and there is evidence that its use 

increased platelet count and drecreased the amount of platelet transfusions. 

But most importantly there was no significant difference between the two 

groups in terms of bleeding episodes of WHO 2 or higher. Futhermore, 

Eltrombopag was associated with an increased incidence of portal-vein 

thrombosis. [1] 

Ultimately liver transplantation may be the only answer to improve the 

condition of a patient with advanced liver disease who happens to present with 

coagulopathy as one of many other organ dysfunctions. Ironically, reperfusion 

of the grafted liver is also intitially associated with severe coagulopathy; 

dilutional coagulopathy from the influx of preservation solution, heparin effect 

from the release of heparin or heparin-like substances from the donor 

hepatocytes, explosive fibrinolysis by the release of tPA from donor liver, and 

inhibition of coagulation by other unknown substances. The cause of the 

pathological coagulation is determined by comparing the thromboelastography 

results of whole blood, blood treated with protamine sulfate, and blood treated 

with E-aminocaproid acid. [14] If heparin effect persists 30 minutes after 

reperfusion, it is treated with 25 to 50 mg of protamine sulfate. E-

aminocaproic acid (250-500 mg, single dose) is administered to treat 
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fibrinolysis (fibrinolysis time <60 minutes) in approximately 60% of patients. 

[13] Fortunately, severe coagulopathy improves gradually during the 

neohepatic stage unless major surgical bleeding continues. The coagulation 

profile (PT, aPTT, and platelet count) improves gradually and normalized 2-4 

weeks after transplantation. 

Recent data from Findlay and colleagues show that, compared to a 

historical control, a recent cohort of patient undergoing liver transplantation 

had significantly fewer perioperative allogeneic red blood cell transfusions, 

intraoperative autotransfusions, and transfusions of other blood products. [9] 

Importantly, there was no significant change in morbidity or mortality and the 

rate of reoperations decreased significantly. The overall patient survival at one 

and five years was not significantly altered; however, graft survival at one year 

was significantly higher in the recent cohort. The authors attribute the decrease 

in transfusion requirements primarily to changes in surgical technique without 

a significant alteration in transfusion triggers. Interestingly, since that cohort, 

there has been a tendency to alterations in transfusion triggers directed to 

minimize transfusions. We will stay tuned for the outcomes of these changes. 

While platelet transfusion may be useful to correct severe 

thrombocytopenia; plasma, anti-fibrinolytic, or recombinant coagulation 

agents should be used with caution and decision made on an individual basis. 

[48] Essentially, careful consideration based on patients‘ clinical status and 

many different static and dynamic coagulation tests is key to the successful 

treatment of CLD. 

The treatment of DIC is addressed in other chapters in detail, but as it 

pertains to the patient with liver disease it remains controversial because of the 

complexity of the clinical picture. Cryoprecipitate can be administered to 

increase the fibrinogen level, but it may accelerate coagulation. The use of 

heparin with the additional administration of ATIII containing FFP appears to 

be effective.[40] However, heparin is not recommended unless a definite 

diagnosis is made. Most clinicians implement replacement therapy using FFP 

and platelets, with or without judicious use of heparin (<5,000U). [13]  

A very complex, although uncommon, scenario appears when a patient 

with CLD appears to be volume overloaded and has either a bleeding 

complication like hemotysis or needs to be taken for an invasive procedure. In 

such situations the use of exchange plasmapheresis can become a life saving 

intervention. Essentially, the procedure is done to accomplish isovolumetric 

removal and transfusion of FFP. Exchange plasmapheresis allows the 

transfusion of large amounts of FFP in ALF. [32] 
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Another therapeutic option that has been under intense scrutiny is the use 

of clotting factor concentrates. There is an extensive list of clotting factor 

concentrates available in the US. Some of them represent single factor 

concentrates, Factor VIIa for example, while others have multiple factors like 

Prothrombin Complex Concentrates (PCC) that contain II, VII, IX and X. 

Furthermore, there are some available compounds with Activated Prothrombin 

Complex Concentrates. These products are approved by the FDA to be used 

for congenital bleeding disorders, but there are no clear indications for patients 

with CLD. Also there are some concerns of its efficacy and anecdotal reports 

of thrombosis following its administration. [24, 35] 

 

 

Conclusion 
 

A multidisciplinary team approach is needed to appropriately diagnose 

and triage patients with severe coagulopathy of liver disease. Medical history 

and physical examination continue to be a very important tool to help with this 

differential diagnosis. Specialized testing, like TEG, interpreted by a well-

versed clinician may be needed to confirm the diagnosis and guide therapy, 

especially in very critically ill patients awating transplantation and peri-

operatively. Treatment of CLD may include transfusions, recombinant agents, 

or transplantation depending on the clinical situation. The most determinant 

factor when evaluating treatment is a very detailed clininical decision-making 

process to avoid over-correction and exposing the patient to the side effect of 

blood product transfusions when they may not be necessary. 
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Abstract 
 

Disseminated intravascular coagulopathy (DIC) can impose a 

significant burden of morbidity to the patients with urologic 

malignancies. Although there are reports of DIC in different urologic 

malignancies, it is most commonly seen in prostate cancer (PCa) with an 

incidence of approximately 13% to 30%. However, only 0.4 to 1.6% of 

patients with PCa may present with clinical signs and symptoms of DIC. 

The incidence of DIC is shown to increase with higher Gleason score, 

stage and presence of metastatic disease. The underlying pathophysiology 

of DIC in PCa is related to the presence of pro-coagulants capable of 
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directly activating factor X, tissue factor expression by malignant cells, 

secretion of pro-aggregation factors, pro-inflammatory cytokines and 

direct interaction of malignant cells with red blood cells. In chronic DIC 

these pathways are more balanced and compensatory mechanisms are 

able to restore platelets and coagulation factors. The diagnosis of DIC is 

made by decreased platelet count, increased fibrin related markers 

including fibrin degradation products, D-dimer, soluble fibrin, decreased 

fibrinogen, and increased Prothrombin Time (PT). Treatment of DIC 

should be focused on treating the primary cancer. Supportive therapy 

involves platelets transfusion, fresh frozen plasma (FFP) or prothrombin 

complex concentrate for patients with predominantly bleeding features 

and anticoagulation for patients with features of thrombosis. 

 

 

Introduction 
 

Disseminated intravascular coagulopathy (DIC) may impose a significant 

risk and life threatening complications in cancer patients. Urologic 

malignancies are not an exception in this regard. Although cancer patients may 

suffer from a variety of coagulate complications including thrombotic 

thrombocytopenic purpura (TTP), deep venous thrombosis (DVT) and 

acquired coagulation factor deficiencies, DIC remains the most common 

coagulopathy in urological cancer patients [1]. 

Since DIC is caused by abnormal activation of coagulation system through 

exposure to pro-coagulants, it leads to thrombosis formation and eventually 

consumption of coagulative factors causing bleeding tendency. Abnormal 

thrombus formation and consumption coagulopathy is usually a catastrophic 

event, especially in cancer patients.  

Malignancy is the third most common cause of DIC after infection and 

trauma. Malignancies predispose patients to a variety of hypercoagulable state 

consisting of DVT, DIC, thrombotic microangiopathy and arterial thrombus. 

However, the pathogenesis of these hypercoagulable states is multifactorial 

and involves a complex interplay of cancer type, comorbidities, medications, 

infection, and surgical approaches. [2, 3] 

In this chapter, we will review the epidemiology, pathophysiology, 

clinical presentation and management of DIC in urological cancer. 
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Prostate Cancer 
 

Epidemiology 

 

Prostate cancer (PCa) is the most commonly diagnosed cancer in males 

and historically is reported to be associated with coagulation disorders. 

[4]Migratory thrombophlebitis, venous thrombosis, non-bacterial endocarditis, 

arterial thrombosis/emboli and DIC have been reported with PCa. [5-7] DIC 

can present as an initial manifestation of advanced prostate cancer. Commonly 

in an undiagnosed PCa patient, it presents by excessive bleeding following 

prostate biopsy. [8]. Approximately 45% of prostate cancer patients who 

develop DIC will have Gleason score≥8 and majority of patients will have 

castration-resistant prostate cancer. [9] The incidence of DIC in prostate 

cancer is reported to be approximately 25% by Straub in 1971 [10] and more 

recent studies revealed an incidence in the range of 13 to 30%; however, only 

0.4 to 1.6 % patients may present with overt clinical signs and symptoms of 

DIC. [5, 11] Cancer stage plays an important role in PCa, as the incidence 

increases in higher stages and in metastatic disease. [12] The serum markers 

historically used to diagnose DIC have been proposed and studied to detect 

prostate cancer [4, 13]. 

 

 

Pathophysiology 

 

Coagulation system activation in prostate cancer is multifactorial and 

complex. Cancer cells may produce a cysteine protease as procoagulant that 

can directly activate factor X. [14, 15] Other mechanisms may include tissue 

factor expression by tumor cells, fibrinolysis, pro aggregation factors, pro 

inflammatory cytokines and direct interaction of malignant cells with red 

blood cells [3]. 

Host cells and malignant cells can express tissue factor that forms a 

complex with factor VII to activate factor X and coagulation eventually. 

However, expression of tissue factor is tightly controlled and only occurs 

when there is damage to vascular bed, or exposure to pro-inflammatory 

cytokines such as tumor necrosis factor and interleukin 1B. Tumor cells on the 

other hand may express tissue factor uncontrolled and constitutively [3] 

Malignant prostate cells may also express fibrinolytic factors including 

urokinase, tissue type plasminogen activator, plasminogen receptors and even 
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plasminogen activator inhibitors. [13, 16, 17] D-dimer and fibrinopeptide A 

have been used to evaluate the activation of coagulation system. D dimer is a 

peptide released by cleavage of fibrin which is activated by plasmin. 

Fibrinopeptide A on the other hand is produced by cleavage of the alpha chain 

of fibrinogen by thrombin. The incidence of coagulopathy in PCa and its 

clinical significance was studied by Adamson et al. in a prospective study in 

which hemostasis activation was assessed by D dimer and Fibrinopeptide A. In 

their study, D dimer and Fibrinopeptide A were significantly higher in PCa 

patients compared to BPH patients and both markers were significantly higher 

in patients with positive bone scans. They reported elevated fibrinopeptide A 

and D dimer in 40 percent and 24 percent of PCa patients respectively with 

positive correlation with bone scan status. They calculated a positive 

predictive value of 91 percent between D-dimer and presence of bone 

metastasis. They conclude that subclinical DIC is quite common in prostate 

cancer and D dimer and Fibrinopeptide A may be used as tumor marker in 

prostate cancer. [4] A more recent study by Shariat et al. demonstrated that 

Urokinase-type plasminogen activator (uPA) and Urokinase type plasminogen 

activator receptor (uPAR) levels are significantly higher in patients with 

prostate cancer compared to their normal controls. The study demonstrated 

that plasma levels of uPA and uPAR are higher in prostate cancers with 

metastasis and locally advanced cancer compared to localized tumor. In 

addition, higher plasma levels of uPA and uPAR were associated with 

biologically aggressive cancers such as higher Gleason scores, lymph node 

metastases and seminal vesicle involvement. [13] They concluded that uPA 

and uPAR are most probably prostatic origin as their levels decreased 

significantly following radical prostatectomy, therefor uPA and uPAR may be 

considered as bio markers of aggressive PCa. 

 

 

Clinical Presentation 

 

Clinical presentation of DIC in prostate cancer may be acute or chronic 

based on the balance between intravascular coagulation and depletion of 

coagulation factors and platelets. Acute and uncontrolled activation of 

thrombotic pathways leads to intra vascular coagulation leading to 

consumption of coagulation factors as well as platelets, which leads to 

bleeding tendency. In chronic DIC, on the other hand, coagulopathy is more 

controlled and compensatory mechanisms restore the coagulation factors and 

platelets. [5, 19] 
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Renal Cell Carcinoma 
 

Various types of coagulopathy may be seen in renal cell carcinoma 

(RCC), majority of which are caused either by lupus anicoagulant (auto 

immune antibody formation) or due to Stauffer‘s syndrome. Lupus 

anticoagulant syndrome (LAS) occasionally occurs in RCC as a paraneoplastic 

syndrome with increased PTT and higher than normal chances of 

thromboembolism. [19]  

Liver dysfunction in presence of RCC, known as Stauffer syndrome, is 

also associated with coagulopathy in which increased prothrombin time is not 

due to tumor infiltration of the liver or depletion of vitamin K dependent 

coagulation factors but increased fibrin degradation factor complexes suggest 

compensated intravascular coagulation possibly triggered by tumor cells [20] 

Autoimmune hemolytic anemia is another paraneoplastic phenomenon 

secondary to warm and cold auto antibodies observed in RCC. Antibodies to 

platelets and to C1 esterase inhibitor also may contribute to coagulopathy in 

RCC. [21]  

Since DIC is thought to be secondary to paraneoplastic syndrome in RCC, 

removing the neoplastic tissue can completely or partially ameliorate the signs 

and symptoms of DIC. In the meantime regular management of DIC including 

depleting coagulation factors and anticoagulation should not be overlooked.  

 

 

Wilms Tumor 
 

Wilms tumor is the most common renal malignancy in childhood which is 

usually asymptomatic and diagnosed incidentally as a palpable abdominal 

mass. [22-24]. It may present with abdominal pain, high blood pressure and 

may be associated with polycythemia, intratumor hemorrhage and acquired 

von Willebrand disease which makes the patient prone to bleeding diathesis 

[22-26]  

The mechanism for acquired von Willebrand factor deficiency has been 

proposed to include immunologic activation of VW factor, impaired release 

from tissue storage sites, proteolysis and absorption by tumor cells. [23, 27, 

28]  
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Miscellaneous Urological Causes of DIC 
 

Literature on DIC in other urological malignancies is scant and mainly 

consists of case reports. Lee et al. published the first reported case of adrenal 

cortical malignancy with DIC as a fatal manifestation. They reported a 54-

year-old man who was admitted to hospital with back pain, and several bruises 

on the trunk and extremities who was found to have increased fibrin 

degradation products, and D dimer as well as a left adrenal mass in abdominal 

CT scan. Their patient died due to pulmonary thromboembolic event and 

respiratory distress; post mortem autopsy revealed a left adrenal cystic mass 

with multiple pulmonary metastatic nodules consistent with pleomorphic 

adrenal carcinoma. [29] They suggested that although DIC is a rare 

presentation in adrenal cortical tumors, it should be considered in differential 

diagnosis. Microangiopathic hemolytic anemia (MAHA) secondary to DIC 

was reported in a case of malignant pheochromocytoma with bone metastasis 

by Sakai et al. [30] DIC has also been reported in mesoblastic nephroma in 

neonates and infants in 2 case reports. In both of these cases, the patients 

demonstrated good prognosis and favorable outcomes. [31, 32] Vora et al. 

reported two cases of neonatal neuroblastoma with bleeding tendency due to 

DIC and concluded that although rare, hemorrhagic events and DIC can be a 

major manifestation in neuroblastoma. [33] Tumor manipulation during 

radical cystectomy was suggested to constitute as the triggering factor for DIC 

for bladder papillary carcinoma by Tauzin-Fin et al. causing thrombotic micro 

angiopathy. [34] 

 

 

Diagnosis and Treatment of DIC in  

Urological Patient 
 

DIC is an important problem in urological malignancies. Acute DIC can 

be catastrophic in a patient who already has a urologic malignancy therefore, 

early diagnosis and treatment of DIC is extremely important. In addition 

diagnosis of subclinical and chronic DIC is important as the management 

strategy may differ. [35, 37] 

Scientific and Standardization Committee of International Society on 

Thrombosis and Hemostasis (ISTH) has divided the definition of DIC into two 

sub categories: Overt DIC which is a state of decompensated coagulation 
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system and non-overt DIC where the coagulation system is in compensated 

state. [38] 

Overt DIC is diagnosed by decreased platelet count, increased fibrin 

related markers including fibrin degradation products, D-dimer, soluble fibrin, 

decreased fibrinogen, and increased PT. A score of 5 or less in ISTH 

guidelines indicates non-overt DIC whereas score more than 5 is compatible 

with overt DIC [38]. 

Active treatment of underlying disease plays an essential role in treatment 

of DIC. For example, prostatectomy in clinically localized PCa will eliminate 

the tumor cells making the patient prone to DIC. However, in metastatic 

cancers or non-operable patients, excision of the malignant tissues may not be 

possible. In addition, patients with malignancies may receive chemotherapy, 

radiation therapy or hormone replacement or ablation therapy which makes 

patients more likely to develop DIC.  

Current recommendations for DIC management include transfusion of 

platelets in patients with ongoing and active bleeding in case of low platelet 

count (less than 50000/ml), administration of Fresh Frozen Plasma in cases of 

prolonged PT/APTT or decreased fibrinogen. In cases that FFP transfusion is 

not possible, prothrombin complex concentrate may be considered. 

In patients with malignancy related DIC and thrombosis predominance 

therapeutic dose of anticoagulants including low molecular weight heparin 

(LMWH) or unfractionated heparin (UH) are usually considered. However, 

LMWH is preferred due to high quality and low risk of heparin induced 

thrombocytopenia. Prophylactic doses of LMWH or UF must be seriously 

considered in debilitated, critically ill patients with subclinical or non-

hemorrhagic DIC [39, 40] 
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Abstract 
 

Most cancer patients suffering from solid tumors are found to have 

markers of coagulation activation and/or fibrinolysis in their blood 

samples. This prothrombotic state exists virtually in all patients, being 

detectable in about 50% of patients with localized tumours and in more 

than 90% with metastatic disease. So that these patients are diagnosed 

with subclinical chronic disseminated intravascular coagulation (DIC). 

Progression to decompensated chronic DIC can occur during the clinical 
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course of malignant diseases. Decompensation of such a chronic DIC can 

lead to a low intensity decompensated DIC (LIDDIC) or can progress to 

overt acute and diffuse DIC finally resulting in diffuse haemorrhage 

and/or thrombosis. Also, chronic DIC may trigger thromboembolic 

disease. The authors aim to focus on emerging issues and often 

unanswered questions about when, whom and how to treat chronic DIC. 

 

Keywords: Chronic disseminated intravascular coagulation; solid tumors; 

decompensated DIC 

 

 

1. Introduction and Pathophysiology 
 

Abnormal haemostasis is a functional property of cancer. A significant 

number of cancer patients manifests laboratory evidence of hypercoagulable 

state and some of them develop thromboembolic complications. Cancer cells 

have been reported to have biologic properties favouring their interaction with 

blood coagulation pathways. Tumor cells activate the haemostasis 

procoagulant pathways directly via procoagulants compounds such as the 

tissue factor (TF) or cancer procoagulant (CP), and/or indirectly by secreting 

tumor necrosis factor alpha (TNFα) and interleukin-1 beta (IL-1β), thus 

upreregulating TF expression on endothelial vascular cells and on monocytes 

[1-3]. Furthermore even fibrinolitic cascade is usually significantly activated 

in cancer diseases [4].  

Different clinical complications may correlate with cancer associated 

thrombophilic state during the life of cancer patients suffering from solid 

cancer. Although venous thromboembolism is more frequently observed, even 

disseminated intravascular coagulation has relevant place in the context of 

cancer hypercoagulability related complications [5]. 

 

 

2. Definition 
 

The so called chronic DIC is a well known cancer related hypercoagulable 

state. It is a common consumption coagulopathy characterized by a ceaseless 

production and removal of fibrin network sometime overflowing into 

progressive exhaustion of coagulation factors and platelets [2, 6, 7]. Drop in 

platelets count, prothrombin time (PT) and activated partial thromboplastin 

time (aPTT) prolongation often along with hypofibrinogenemia, result in a 
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clinical and/or laboratory clear evidence of DIC (overt DIC). The clinical 

and/or laboratory course of overt DIC might vary from an indolent trend (mild 

DIC) to a catastrophic thrombocytopenia and bleeding (acute DIC) [8].  

For practical use, in order to maintain homogenous definitions in an ever-

growing body of literature evidence, the clinical picture known as ―low 

intensity decompensated DIC‖ could superimpose to the term ―mild-DIC‖ but 

should be distinguished from ―chronic-DIC‖. While the diagnosis of overt 

acute DIC may be relatively simple, in front of evident clinical and laboratory 

pictures and defined guidelines, the diagnosis of low intensity decompensated 

DIC is often difficult because of lack of consensus as to the appropriate 

definition and clinical and laboratory criteria for diagnosis. This disorder of 

blood coagulation is reflected in laboratory findings such as only borderline-

low platelets count or their slow progressive drop, elevation in plasma level of 

fibrinogen degradation products (FDP) and D-dimer, normal or moderately 

deranged level of other coagulation parameters such as prothrombin time (PT), 

activated partial thromboplastin time (aPTT), fibrinogen and antithrombin III 

concentration [7, 9, 10]. Nonetheless, some authors choose the terms non- 

overt DIC or pre-DIC state when facing an indolent consumption 

coagulopathy but, in this case, the use of the above terms could be considered 

questionable [11].  

DIC in cancer has, in general, a less dramatic course than when occurring 

in sepsis and trauma [7]. For this reasons three types of DIC related to cancer 

patients should be distinguished: early (non-overt) compensated DIC, low 

intensity decompensated DIC or ―mild‖ DIC and acute DIC. Both of the latter 

two coagulopathies can be classified as overt DIC. Lots of updated laboratory 

tests, namely haemostatic molecular markers such as antithrombin (AT), 

thrombomodulin (TM), thrombin-antithrombin complex (TAT), plasmin-

plasmin inhibitor complex (PPIC), soluble fibrin (SF), prothrombin fragments 

1+2 (F1+2), whose expression levels are significantly different in accordance 

with variable stages and intensity of consumption coagulopathy, are going to 

be included in diagnostic algorithms able to better define the different clotting 

derangements [9, 12-14]. With the relevant expanding field of new therapeutic 

options in medical oncology, with an overwhelming role to be assumed by 

targeted therapies, the knowledge of the sometimes subtle differentiation of 

these clinical conditions must become a part of Medical Oncologist‘s 

education. Clinicians should be alert to the occurrence of such clotting 

disorders and should be confident with their diagnosis and management. 
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3. Diagnostic Criteria 
 

The diagnostic criteria with operative purpose now available for definition 

of DIC suffer of two methodological weakness: first, the pathophysiological 

mechanisms and the clinical pictures are substantially conditioned by the 

underlying disease, theoretically requiring a dedicated DIC score for specific 

disease, while the currently used criteria encompasse common features of 

different types of DIC; second, these criteria are actually decision tools for 

starting the treatment of DIC, rather than criteria for diagnosing it.  

This conceptual framework descends from the evolution in the clinical 

diagnostic and therapeutical approach to DIC. While the picture of overt acute 

DIC is well-known and easy-to-diagnose on clinical ground since almost three 

decades, most recently clinicians tend to utilize laboratory criteria to easier 

intercept the DIC onset, well before clinical appearance. In this way, they are 

able to identify the coagulopathy in its earliest or indolent stages as ―pre-DIC‖ 

or ―low intensity decompensated DIC‖, and to counteract these ones with 

potentially more efficacious therapeutical measures.  

Early therapeutical approach to this non overt-DIC is of outmost 

importance, since it is demonstrated that its treatment substantially could 

reduce the mortality at least in patients suffering from sepsis related 

consumption coagulopathy; conversely, the rate of DIC remission with therapy 

is inversely related to the DIC score at the beginning of treatment [9, 15, 16,]. 

Wada et al. recently analyzed in depth three valuable guidelines concerning 

DIC diagnosis and treatment issued from the British Committee for Standards 

in Haematology (BCSH), the Japanese Society of Thrombosis and Hemostasis 

(JSTH), and the Italian Society for Thrombosis and Haemostasis (SISET). All 

of the mentioned guidelines represent an useful tool for the diagnosis of DIC 

due to infective and non-infective etiologies [10]. However, as concerns 

cancer related non acutely decompensated DIC, namely LIDDIC or ―mild‖ 

DIC, those guidelines do not provide oncologists with sufficiently appropriate 

diagnostic criteria.  

In this regard it is just to remember the potential confounding role of 

chemotherapy and radiotherapy in contributing to the occurrence of 

thrombocytopenia. So, the oncologist‘s clinical diagnostic judgement still 

maintains a pivotal role when approaching a suspected disseminated 

coagulation especially in patients suffering from the indolent one. 
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4. Therapeutic Strategies 
 

Therapy of DIC usually focuses on treating and hopefully reversing the 

underlying disease in conjunction with supportive treatment, mainly based on 

frozen fresh plasma (FFP) and platelets infusion, to restore the coagulation 

factors consumption [17-20]. In cancer patients a subclinical or gradual slow 

decompensation of coagulation parameters is often recorded. In general, 

therapeutic approaches should vary according to different clinical and 

laboratory scenarios [10, 21]. 

 

 

4.1. Chronic Not Decompensated DIC 

 

There is not mandatory indication for treating chronic not decompensated 

DIC in solid tumors. However it is well known that about 5-15% of cancer 

patients encounter overt thromboembolic complications and no less than 50% 

of them are found suffering from venous thromboembolic disease at autopsy 

[22-25]. Furthermore, the mere observation of certain consumption 

coagulopathy related laboratory abnormalities, such as markers of coagulation 

activation fibrinopeptide A (FPA), prothrombin activation fragments 1+2 (F 

1+2), thrombin antithrombin complexes or D-Dimers, might not need any 

therapeutic intervention [23, 26, 27]. So, the single patient‘s risk of 

thromboembolic event occurrence should drive the decision whether to start an 

anticoagulant prophylaxis or not.  

Thus, a combination of factors such as clinical parameters and hemostatic 

biomarkers might be considered as predictive of thromboembolic 

complications for patients suffering from cancer and even more from not 

decompensated chronic DIC. Some authors have recently suggested some 

criteria for scouting cancer patients at high risk for hypercoagulability related 

complication such as thromboembolism or acute DIC [28-30].  

In accordance with the study of Khorana et al., cancer patients undergoing 

chemotherapy are defined at risk when encountering a cumulative risk score > 

3 (platelet and white blood cell count, cancer histology, hemoglobin level, 

administration of erythropoiesis-stimulating agents (ESAs) along with body 

mass index are the criteria established for assessing the single patient‘s risk) 

[30]. Other authors as Barni et al., in addition, underlined the role of certain 

chemotherapy drugs in enhancing the risk of thromboembolism. [i.e., platinum 

based compounds and gemcitabine] [31]. Also, some studies suggest even a 
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possible role for significant D-dimer and Prothrombin Fragment 1-2 elevation 

in predicting high risk of thromboembolic event [6, 32].  

Low molecular weight heparin administration could be offered to high risk 

patient population for reducing the incidence of thrombosis [31]. As regards 

the condition called as pre-DIC (non overt DIC), often preceding overt 

decompensated DIC, there are no consistent data to estimate effectiveness of 

its early treatment in cancer patients although several hemostatic molecular 

markers have been identified [7, 9, 33].  

 

 

4.2. Chronic Decompensated DIC 

 

Decompensated DIC in solid tumors most often occur in advanced 

metastatic disease [34]. Notably, decompensation of Chronic DIC manifests 

itself mainly in two joints: or as classic overt and acute DIC or as ―low 

intensity decompensated‖ DIC (also called mild DIC).  

The first one requires a prompt treatment. It is characterized by fast 

derangement of Coagulation parameter, potentially leading to life-threatening 

bleeding and multi-organ failure. The second one consists in a mild 

decompensation of chronically activated blood coagulation. It is not unusual 

during cancer patients clinical course, most of the time has not a dramatic 

course without requiring therapeutic intervention [7, 35-37]. So, this low 

intensity decompensated chronic DIC has usually an indolent clinical course, 

its treatment should not be considered mandatory and some considerations 

have to cooperate when deciding which type of approach could be the best for 

this coagulopathy.  

Some rules, such as treatment of the underlying condition and blood 

component therapy as necessary, apply generally to all types of 

decompensated DIC. At present, guidelines issued by international scientific 

societies offer useful criteria, based on laboratory and clinical features, for 

choosing the right therapeutic strategy in treating DIC worsening towards 

bleeding or severe thrombocytopenia. A blood component therapy based on 

transfusion of platelets is strongly recommended in DIC patients with ―active 

bleeding and a platelet count of <50 x 10
9
/l or in those ones with a high risk of 

bleeding and a platelet count of <20 x 10
9
/l‖.  

Furthermore, FFP administration has to be considered in bleeding patients 

with prolonged prothrombin time or activated partial thromboplastin time and 

in those ones at high risk of bleeding‖ [10, 20]. Moreover, factor concentrates 

can be administered in the event of FFP administration ineffectiveness while 
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the role of heparin or antithrombin administration in treating DIC is still 

controversial [10, 20]. Despite the above mentioned guidelines are 

significantly helpful, the cancer patients suffering from decompensated DIC 

have different specificities over non-cancer patients that influence the 

physicians‘ decision. All of the chemotherapeutic agents and a number of 

recent biologic antineoplastic or cancer targeted therapeutic agents have the 

potential to produce thrombocytopenia [38-40]. Of course, the higher risk of 

rapidly enhancing an ongoing thrombocytopenia is related to traditional 

chemotherapeutic drugs administration [37, 41]. In this latter case, referring to 

solid tumors treatment, oncologists may get concerned that the chemotherapy 

expected benefit in order to stop consumption coagulopathy might be nullified 

[42]. Therefore, after balancing risks and benefits, it is needed to carefully 

identify the patients eligible for both antineoplastic therapy and consumption 

coagulopathy directed treatments.  

So, it is worth making some considerations from which moving to 

practical application in daily clinical practice to better deal with such 

challenging dilemmas. In particular regard to low intensity decompensated 

DIC, both patient and tumor-related factors influence physicians‘ decisions on 

therapeutic measures. With respect to patient characteristics, life expectancy, 

performance status and patient fitness for traditional chemotherapy or more 

generally antineoplastic therapies are relevant data elements that need to be 

taken into considerations. Also, cancer stage, cancer chemosensitivity profile 

(in accordance with cancer histotype), previous antineoplastic treatments and 

their outcome could be the other valuable criteria leading to a more or less 

intensive management of the low intensity decompensated consumption 

coagulopathy. On the basis of the above considerations, unpretreated cancer 

patients fitness for antineoplastic therapies and suffering from tumors 

significantly responsive to any available antineoplastic treatment should be 

offered the most significant efforts to overcome or at least improve the 

consumption coagulopathy. On the contrary, for late stage and/or heavily 

pretreated cancer patients and those ones suffering from cancer refractory to 

current antineoplastic agents, watchful waiting may be an appropriate 

management approach. Possible treatment options have to be centered always 

on the current guidelines recommendations eventually adapted for the 

specificity of cancer related therapy. It has to be underlined that cancer 

patients suffering from LIDDIC eligible for chemotherapy are perceived as 

potentially at risk for worsening thrombocytopenia and subsequent bleeding. 

So, in accordance with current guidelines, these kind of patients could be 

administered fresh frozen plasma [10,20]. Still, administration of low-dose 
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heparin might be considered [10, 20]. Both types of heparin, unfractionated 

(UFH) or low molecular weight heparin (LMWH), are administrable. Notably, 

UFH continuous endovenous infusion seems to be safer than LMWH when the 

risk of bleeding is high thanks to its short half-life and reversibility [20]. The 

role of other therapeutic strategies, as protein C concentrate, thrombomodulin 

or inhibitors of tissue factor, remains to be better established in further clinical 

trials [10]. Of course, concurrently with the above supportive treatment, only a 

chemotherapy regimen characterized by effectiveness and low myelotoxicity 

should be used [42]. 

 

 

Conclusion 
 

Chronic DIC is almost constitutively activated in advanced tumors, 

especially the mucinous ones [43]. The diagnostic algorithm of chronic DIC or 

acutely decompensated DIC is adequately defined by current guidelines and 

recommendations which are applicable regardless of DIC etiology. On the 

contrary when oncologists come across a DIC having an indolent course such 

as LIDDIC some diagnostic difficulties can appear as cancer patients often 

undergo many conditions favouring thrombocytopenia. In this case, a clinical 

judgement also based on the single patient‘s therapeutic anamnesis and on the 

knowledge of the metastatic sites has a fundamental role in differential 

diagnosis. It is really conceivable that only a minority of cancer patients 

suffering from low Intensity decompensated DIC has a cancer disease 

potentially responsive to antineoplastic treatment. If so, administration of FFP 

and/or low dose of UFH and/or LMWH could be taken into account in the 

attempt of increase platelet count and make antineoplastic drugs 

administration safer. Unfortunately, most of these patients have a coexisting 

irreversible disease. Their underlying cancer is usually chemorefractory and 

already extensively treated. In this case supportive treatment as necessary 

could be the best choice. 
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Abstract 
 

Disseminated Intravascular Coagulation (DIC) is a life threatening 

complication that occurs in a wide variety of clinical conditions. DIC 

predisposes the patients for bleeding, organ failure, shock & 

thromboembolism and hence has a higher morbidity and mortality. 

Therefore prevention, early detection and prompt treatment of DIC can 

increase the chances of patient survival by manifolds. There is a lot of 

confusion and apprehension that surrounds the management of DIC. The 

saying ‗one size doesn‘t fit all‘ stands true in case of DIC. The 

unpredictable course of the disease process makes it important for the 

physician to understand that following standard protocol may not give the 

desired results in all cases. The clinical picture of the patient usually gets 
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precedence over laboratory picture or set guidelines to determine 

treatment. 

 

Keywords: DIC, treatment, management, coagulation, thrombomodulin 

 

 

Introduction 
 

Disseminated Intravascular Coagulation (DIC) in easy terms can be 

defined as coagulation system ‘run amok‘. DIC is characterized by the 

widespread activation of coagulation, which results in the intravascular 

formation of fibrin and ultimately thrombotic occlusion of small and midsize 

vessels [1]. This in turn leads to inadequate blood supply to organs and 

ultimately triggering organ failure. In addition, degradation of coagulation 

proteins occurs along with the widespread activation of the coagulation 

cascade, which may also result in severe bleeding[1-3]. 

The management of DIC focuses on three main aspects: 

 

a) Early detection of the etiological factor and its vigorous treatment, 

b) Blood products to support the deranged coagulation, and 

c) Adequate support to the vital and failing organs. 

 

 

Treatment Options 
 

General Principles 

 

The management of DIC is an uphill task. The removal of the triggering 

factor prevents the ongoing pathological process from causing more damage. 

Whether it is treating sepsis, evacuation of retained products from uterus or 

managing any other etiological factor causing DIC, this intervention plays a 

vital role in patient prognosis. While you are getting overwhelmed treating 

DIC, do NOT forget to support the vital organs i.e., circulation, respiration, 

renal, liver functions because it is not DIC per se that proves fatal, it is the 

failed vital organ function that kills a patient. Once the patient has been 

stabilized, the treatment for DIC should be individualized according to the 

patient‘s condition and the etiological factors involved.  
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Blood Products 

 

The patients with bleeding manifestations have to be supported by blood 

product administration that includes Platelets, Fresh frozen plasma and 

Fibrinogen (cryoprecipitate or fibrinogen concentrates)[2].  

The clinical condition of the patient is a more important factor in deciding 

treatment options than the laboratory picture. In patients who are actively 

bleeding it is advisable to start platelet transfusion at a platelet count below 50 

X 10
9
/L and below 20 X 10

9
/L in patients who are at a high risk for bleeding 

or awaiting an invasive procedure [4-7]. Instead of a low count, platelet 

dysfunction could also be the cause for bleeding in DIC and therefore, platelet 

transfusion can be considered in such patients despite a high platelet count [8]. 

Fresh Frozen Plasma (FFP) could be given in bleeding patients with a 

prolonged PT/aPTT (>1.5 times normal) or a decreased fibrinogen level 

(<1.5g/dL). The recommended dosage is15-20 ml/kg and proper care should 

be taken not to overload the patient. Consider the same for patients who are 

not bleeding but need an invasive procedure [4-7]. 

Cryoprecipitate or Fibrinogen concentrates may be administered to 

actively bleeding patients who have persistent low fibrinogen levels despite of 

administration of FFP (<1.5g/dl) [7]. A dose of 3g can raise the plasma 

fibrinogen level approximately by 1g/L. This can be given as four units of 

FFP, two cryoprecipitate pools (10 donor units) or as 3g of a fibrinogen 

concentrate [2]. Prothrombin complex concentrates (PCC) can be considered 

as an alternative to FFP transfusion in actively bleeding patients if the latter is 

not possible [7]. Continous monitoring of the patient‘s coagulation status by 

repeating platelet count and coagulation profile after component therapy is 

also an important aspect in management. The initial picture may show a 

decreased platelet count/coagulation factors/fibrinogen due to continuous 

thrombin generation [9, 10]. Therefore, a series of lab tests may give a better 

picture of the patient‘s coagulation profile rather than a single test. 

Vitamin K deficiency should always be ruled out as a cause of prolonged 

PT before declaring it as DIC. 

 

 

Specific Drug Therapies 

 

Heparin 

There are very specific indications for the use of Heparin in the treatment 

of DIC. It is mainly recommended for thrombosis predominant DIC. It has 
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proven efficacy in conditions like Purpura fulminans with a significant 

reduction in mortality from 90% to 18% [11]. Also, heparin plays an important 

role in DIC related to intrauterine fetal death and hypofibrinogenoma prior to 

induction of labor, excessive bleeding associated with giant aneurysms and 

aortic aneurysms (prior to resection) [12]. Of late, Low Molecular Weight 

Heparin (LMWH) is being preferred over Unfractionated Heparin (UH) as it 

has a predictable pharmacokinetic profile and a much less risk of bleeding. 

Dalteparin, a type of LMWH, has already been approved for use in Japan after 

a multicenter trial showed significant advantages over UH [13]. Prophylaxis 

with UH or LMWH should be started in critically ill and non-bleeding patients 

as they are at a high risk for developing venous thromboembolism [2, 14-16]. 

UH may also be considered in patients with very high risk of bleeding due to 

its short duration of action and easy reversibility.  

Since there is a decrease in antithrombin (AT) in DIC, it is important to 

make sure that level of AT in the patient is normal or near normal (80-100%) 

before heparin is used as the anticoagulant action of heparin depends on it‘s 

ability to form a complex with AT which then neutralizes the procoagulants 

[17].  

The usual intravenous bolus of UH should be avoided to minimize the 

bleeding risk [18]. One may use UH in DIC with a weight-adjusted dose of 

10µ/kg/h IV, aiming for an aPTT ratio of 1.5-2.5 times the control. Once 

heparin begins to show its effect, replacement therapy with fresh frozen 

plasma or cryoprecipitate should be done [2, 7].  

 

Antithrombin 

Antithrombin is a major natural anticoagulant which acts by inhibiting 

thrombin in a 1:1 fashion and leads to thrombin–antithrombin complex (TAT) 

complex formation with subsequent elimination 19]. The reduction in 

antithrombin occurs in the early phase of DIC, as there is an excessive 

generation of thrombin [20]. The level of AT is a strong predictor of mortality 

especially in cases like sepsis, trauma and major surgery with or without DIC 

[21, 22]. In these conditions, low levels of AT have been correlated with a 

poor outcome due to the development of multiple organ failure. Some animal 

studies have demonstrated that AT can promote the endothelial production of 

prostacyclin and may therefore have anti-inflammatory actions, hence 

explaining high efficacy in cases of sepsis. The first randomized controlled 

trial (RCT) of AT treatment in DIC showed significant reduction in mortality 

with shorter duration of symptoms and rapid normalization of coagulation 

profile [23]. The addition of heparin in this study showed to have an increased 
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risk of bleeding without any significant mortality benefit. The Kybersept RCT 

showed no mortality benefit of AT therapy over placebo [24]. However, a 

post-hoc analysis of this study revealed that the negative results for 

antithrombin were mainly due to co-administration of heparin, which caused 

an increased rate of bleeding [25].  

 

Thrombomodulin 

Thrombomodulin is a natural cofactor that primarily exerts its 

anticoagulant effect by activation of protein C. It also inhibits thrombus 

formation by suppressing thrombin activity [26, 27]. Soluble thrombomodulin 

(thromomodulin alfa, TM-α) is a recombinant version of thrombomodulin that 

was developed for the treatment of patients with DIC. A Phase 3 trial in Japan 

showed that TM-α has a better effect on coagulation profile and less bleeding 

manifestations than heparin [28]. The bleeding risk is less with TM-α as its 

activity depends on the amount of thrombin generated [29]. TM-α has been 

shown to have a beneficial effect on clinical outcomes and DIC parameters in 

few other trials [30]. A Phase 3 study is currently ongoing in US evaluating 

the efficacy of TM-α in patients suffering from sepsis induced DIC [31]. 

 

Activated Protein C 

It is a natural anticoagulant with significant anti-inflammatory and anti-

thrombotic roles in patients with sepsis. Based on the results of the Protein C 

Worldwide Evaluation in Severe Sepsis (PROWESS) trial conducted in 2001, 

recombinant human Activated Protein C (rhAPC), showed mortality reduction 

in patients with Sepsis related DIC [32]. An increase in use of rhAPC was seen 

following reports of proven benefits from several other studies [33, 34]. Later, 

the PROWESS-Shock trial failed to show any significant mortality benefit of 

rhAPC in patients with septic shock [35]. Hence, it is no longer recommended 

to use rhAPC in the treatment of DIC.  

The Surviving Sepsis Campaign Guidelines (SSCG) also withdrew its 

recommendations to use rhAPC in 2012 after no proven efficacy of its use 

could be shown [36]. A recent meta-analysis concluded that rhAPC did 

provide a significant reduction in hospital mortality in patients with severe 

sepsis but at the same time showed a significant risk of bleeding in such 

patients [37]. The meta-analysis, however, also included retrospective studies 

along with the randomized controlled trials and therefore might have lead to 

the results being biased. A meta-analysis including only RCTs was published 

in 2007 and was recently updated after addition of another RCT [38]. The 

update, in line with the original results, failed to show any benefit of rhAPC in 
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patients with severe sepsis and it concluded that rhAPC was associated with a 

higher risk of bleeding. Most recently, the report on a French multicenter 

double-blinded trial (The APROCCHSS trial) was published which concluded 

that rhAPC showed no benefit or harm in patients with severe septic shock 

[39]. 

 

Anti-Fibrinolytic Agents 

Anti-fibrinolytic agents such as ε-aminocaproic acid or tranexamic acid 

are lysine-like drugs, which interfere with the formation of the plasmin from 

its precursor plasminogen by plasminogen activators. These drugs block the 

binding sites of the enzymes or plasminogen respectively and thus stop 

plasmin formation. The use of these agents is not usually preferred in DIC as it 

may lead to increase in thrombotic complications due to blockage of the 

fibrinolytic system [40]. An exception may be made in those rare cases where 

hyperfibrinolysis is predominant in the clinical picture such as in coagulopathy 

associated with acute promyelocytic leukemia (AML-M3) [41], massive 

postpartum hemorrhage [42] and acute coagulopathy of trauma [43].  

The recommended dosage for use of tranexamic acid is 1g every 8 hours. 

 

Synthetic Protease Inhibitors 

Synthetic Protease Inhibitors such as Gabexate mesilate and Nafamstat act 

by blocking serine proteases, such as thrombin and plasmin, in the coagulation 

cascade and hence prevent activation of the coagulation factors. These agents 

have been used & evaluated for treatment of DIC accompanied by bleeding 

diathesis in Japan [44, 45]. However, there have been no RCTs that have 

evaluated their role in reduction of mortality or an improvement in the 

resolution rate in DIC. Further studies are warranted before it can be used. 

 

Tissue Factor Pathway Inhibitor 

Tissue factor pathway inhibitor (TFPI) is the principal endogenous 

inhibitor of the TF pathway. It acts by blocking both the initiation and the 

propagation of coagulation cascade [46]. It was thought of as a potential 

therapy in sepsis-induced DIC and initial results from animal studies looked 

very promising [47]. However, a large phase III trial of TFPI in humans did 

not show any benefit in mortality reduction [48]. 

 

Recombinant Human Factor VIIa 

It acts by facilitating the activation of the extrinsic pathway of blood 

coagulation. There have been suggestions of its use in some patients with 
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severe DIC-associated hemorrhage that is unresponsive to standard treatment 

[49]. However, there is a need for large RCTs to verify this fact before any 

conclusions can be drawn on its efficacy or safety in this setting. 

 

Anti-Factor Xa Agents 

Factor Xa is the most important factor in the coagulation cacase owing to 

its presence at the juncture of intrinsic and extrinsic pathways. Anti-Factor Xa 

agents act by direct or indirect inhibiton of this factor and therefore prevent the 

cleavage of prothrombin. One such agent, Fondaparinux has been 

recommended for DVT prophylaxis after orthopedic surgery [50], however 

there is very less evidence to support its use in critically ill patients. 

 

 

DIC Treatment in Specific Conditions 

 

Sepsis Induced DIC 

The vicious cycle of inflammation and coagulation leads to the life 

threatening condition of DIC. Antibiotics and blood products is no doubt the 

most important part of the treatment but there iss more that can be done. 

As discussed already, the PROWESS-SHOCK study removed rhAPC 

from the treatment pool of ‗Septic DIC‘ completely and was withdrawn from 

the market despite of proven anti-inflammatory properties of rhAPC, as it did 

not show any 28 day mortality benefit but did increase bleeding risk (incidence 

being 5.6%)[35]. Earlier studies had shown some positive effect of APC on 

severe as well as mild form of the disease, and the decision of withdrawal of 

this treatment recommendation was solely based on a single study. Therefore, 

the possibility of re-introduction of APC in the market cannot be ruled out. 

As mentioned above, the Kybersept failed to demonstrate any benefit of 

AT in septic DIC [24]. A recent non-randomized study in its Phase 4 has been 

able to demonstrate some benefit of AT when used at supplemental doses of 

1500 IU/day or 3000 IU/day for three days. The important factors determining 

outcome in patients were pre-treatment AT levels, higher treatment dose (3000 

IU/day), and young age. The study also demonstrated a lower overall risk of 

bleeding (6.5%) and serious bleeding (1.71%). If this study can show a 

statistically significant advantage in the future, it would be a good option to 

use AT at a dose of 3000 IU/day in septic DIC [51]. 

There is tissue factor upregulation in infection, but as already mentioned, 

many RCTs have failed to show any benefit of recombinant tissue factor 

inhibitor in patients of DIC [48]. Recombinant thrombomodulin has been 
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recently considered for the treatment of septic DIC after a Phase 3 study in 

Japan showed some benefit on 28- day mortality, and reduced risk of bleeding 

[28]. As already mentioned, a Phase 3 study is underway in US to study 

efficacy of thrombomodulin in sepsis induced DIC [31].  

Heparin and Heparinoids act through maximizing activity of AT III, 

although there is no reliable RCT to show its benefit in Septic DIC, a 

retrospective analysis showed mortality benefit of low dose heparin [52]. 

LMWH heparin is preferred over UH in patients with a tendency to bleed [13].  

 

Obstetric DIC 

Just like other forms of DIC, removal of offending factor is the most 

important intervention to put a halt on the ongoing disease process. The 

evacuation of uterus in case of retained placental or fetal parts and adequate 

volume resuscitation with support of vital organs is a wise step to get started 

[53]. The next step is to take care of the deranged coagulation. In cases of 

amniotic fluid embolism continuous leak in the system stimulates intravascular 

thrombosis. Low dose subcutaneous heparin can show an improvement in 

clinical and laboratory picture in 3-4 hours without significant increased risk 

of bleeding [54]. A switch to high dose intravenous heparin can be made if no 

improvement is seen with low subcutaneous doses. The risk of bleeding has to 

be considered always while treating with heparin. Other anti-coagulants like 

AT and rhAPC have shown some benefit but are not very well studied options.  

 

 

Conclusion 
 

In conclusion, the treatment options for DIC are quite a few owing to its 

varied etiology. The therapeutic approach to each patient depends on the 

etiology & clinical manifestations of DIC. Hence, it is safe to say that there is 

no single best answer when it comes to the question of treatment for DIC. 

Treatment of DIC needs to be individualized pertaining to signs and symptoms 

of the patient. 
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