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Pathophysiology

Coagulation disturbances are common in emergency and ICU patients.
It may be a sequel of various etiologies including intoxications (rodenticide
intoxication), snake bite, GDV, pancreatitis, severe trauma, sepsis (e.g septic
peritonitis, pyometra, pyothorax) or any etiology associated solely with
thrombocytopenia (IMT, Erlichiosis). Although all the aforementioned
etiologies carry various coagulation disturbances severity, clinical
presentation, treatment, prognosis and outcome, they all share in common
inflammatory process so called systemic inflammatory response syndrome
(SIRS). SIRS and sepsis are thought to be intimately associated with
coagulation system (Fig 1). The mortality is due to organ failure and increases
with the number of organ system involvement and failure. Much of the organ
failure is due to the microvascular and coagulation disturbances leading to
enhance thrombosis and disseminated intravascular coagulation (DIC). The
coagulation disturbances are dynamic and variable, depending on the etiology
and the severity of the primary disease. Cytokine production, vascular
damage and the release of tissue factor all contribute to the stimulation of
coagulation cascade, down regulation of the fibrinolytic system and
consumption of the endogenous anticoagulant.

In healthy animals, the normal clot formation and fibrinolysis
mechanisms are well balanced, so coagulation and formation of clots occur
only on demand. Endothelial control of coagulation involves a delicate
balance between promoting and inhibiting blood clot formation to prevent
bleeding while avoiding excessive clotting (thrombosis). Under normal
conditions, the endothelium maintains an anticoagulant surface to prevent
unnecessary clot formation. Endothelial control of involves a delicate balance
between promoting and inhibiting blood clot formation to prevent bleeding
while avoiding excessive clotting (thrombosis). The process is tightly
regulated by various factors, including nitric oxide, heparin sulfate,
thrombomodulin and prostacyclin, which inhibit platelet and endothelial
activation to prevent unnecessary clot formation.

However, during massive trauma, infective, inflammatory/septic state
this balance may be disrupted, leading to concurrent excessive clot formation
and bleeding (Fig. 1). Thus, DIC may be considered as an uncontainable burst
of thrombin generation and activation, resulting in systemic fibrin formation,
followed by plasmin and kinnin activation, with simultaneous suppression of
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the physiologic anticoagulation mechanisms and delayed fibrin removal as a
consequence of impaired fibrinolysis (Fig. 2).1* During this excessive
intravascular coagulation phase, platelets and coagulation factors are
consumed, resulting in thrombocytopenia, thrombocytopathy and depletion
and inactivation of coagulation factors.

DIC is categorized into bleeding, organ failure and non-symptomatic
types according to the sum of vectors for hyper coagulation and
hyperfibrinolysis. There are 3 types of clinical presentation of DIC; bleeding,
massive bleeding and the organ failure hypofibrynolitic type .#

The bleeding, massive bleeding and hypofybrinolytic types

When the dominant feature of haemostatic disorder is
hyperfibrinolysis, bleeding is the primary syndrome, therefore is called the
bleeding type. This form of DIC is often seen in patients with major trauma,
neoplasia (e.g hemangiosarcome, leukemia, lymphoma) and obstetric
disease in women. In the other hand when the hypercoagulation is the more
remarkable process along with hypofironolysis, organ failure is the common
symptom. This type of DIC is called the organ failure type due to intravascular
clott formation and deposition, resulting in organ failure commonly liver,
kidney and CNS. This type is common in infectious diseases, particularly
sepsis.*

The third type is the massive bleeding type or so called consumptive
type, when both coagulation and fibrinolysis are highly activated resulting in
whispered clott formation and massive bleeding in the same time, which may
result in acute death. This form of DIC is seen in patients with heatstroke,
snake bite and severe acute necrotizing pancreatitis or any major trauma.

When both vectors of coagulation are weak (coagulation and
fibrinolysis) there are mild to non clinical signs directly related to the
coagulation disorders, commonly seen in different neoplastic diseases in
which only laboratory coagulation parameters are mildly abnormal, and there
is a new chronic coagulative balance, tha can deteriorated to one of the above
described clinical state of DIC.*

Sepsis and coagulation

The most common etiology involved in coagulation abnormalities in
both human and veterinary medicine ICU is sepsis. Sepsis is one of the oldest
and most elusive syndromes in medicine. However, with the advent of modern
antibiotics, germ theory did not fully explain the pathogenesis of sepsis: many
patients with sepsis died despite successful eradication of the inciting
pathogen. In addition it was noticed that other etiologies not infective
resemble sepsis in the clinical signs; tachycardia, tachypnea,
elevated/decreased white blood cells count, hypoglycemia, with no apparent
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infectious site (e.g heatstroke, trauma, cancer). Thus, researchers suggested
that it was the host, not the germ that drove the pathogenesis of SIRS/sepsis.
The incidence of sepsis increases with the use of immunosuppressive drugs,
chemotherapy, and invasive procedures. It is a leading cause of death in
human and in the veterinary medicine with high mortality rate of 30-50%.
Common diseases associated with sepsis in the veterinary medicine are
pneumonia, pyothorax, peritonitis, pancreatitis, prostatitis and wound
infection.

During inflammation there is increase in plasminogen activator factor
inhibitor | (PAI-I) induced markedly increase levels cytokines and
liposaccharide, in the blood as a cause of hypofibrinolysis, with consequence
of thrombus formation and deposition. Moreover, histones are highly
conserved, positively-charged nuclear proteins, serving as the basic structure
block unit of the chromatin, leak from damaged and activated immune system
cells (e.g., neutrophils and mast cells) and by neutrophil extracellular traps
(NETS) into the extracellular space, exhibiting toxic, pro-inflammatory and pro-
thrombotic properties. Histones promote the apoptosis of vascular endothelial
cells and platelet aggregation enhancing thrombus formation?®.

Fig. 1. The mechanisms leading to the development of disseminated
intravascular coagulation
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Fig. 2: Coagulation pathways: Contact Activation Pathway and Tissue Factor Pathway -
formally known as the Intrinsic and Extrinsic Pathway respectively.

PK - prekallikrein, HMWK - high molecular weight kininogen, tPA - tissue plasminogen
activator. FDP - fibrin degradation products. Serpin - serine protease inhibitor. PF-3,4 -
Platelet factor - 3, 4. The letter “a” following factor number (e.g. Xa) indicates activated
factors. Arrows: Black - conversion/activation of factors, Red - inhibition action, Blue -
reaction catalyzed by activated factor, Gray - actions of thrombin, Green - lyses.

Clinical signs

Dogs with DIC may present with several clinical presentations. Three
phases of DIC are recognized: the peracute hypercoagulable phase, the acute
consumptive phase and the chronic silent phase. Both the hypercoagulable and
the chronic silent phases are non-overt. The latter phase appears to be
common in dogs with malignancy and other chronic disorders. The peracute
and acute phases may result from an acute phenomenon (e.g. sepsis, acute
pancreatitis, heatstroke, electrocution), or it represents acute decompensation
of the chronic silent process.® Acute DIC is extremely rare in cats. Regardless
of the pathogenesis, dogs with acute DIC are often presented for treatment due
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to profuse spontaneous bleeding, either primary (petechiae, ecchymoses,
hematochezia, melena, hematemesis and hematuria) or secondary (blood in
body cavities) in concert with hemostatic disorders, and constitutional signs,
secondary to anemia or to parenchymal organ thromboses leading to multiple
organ dysfunction.?88 Clinical signs may be highly variable depending on the
underlying primary disease and the phase of DIC (i.e. the balance between
thrombosis and hemorrhage). Most cats with DIC do not show evidence of
spontaneous bleeding and the clinical signs are often those associated with the
primary disease.?

Diagnosis

Diagnosis is complex and should be based on several and
continuous blood coagulation parameter and clinical signs. The
definition and diagnostic criteria of DIC in veterinary medicine are
somewhat controversial; however it is generally agreed that DIC is
suspected when an underlying clinical condition known to precipitate
DIC occurs, clinical signs of bleedings tendencies (e.g hematochesia,
melena, epistaxis ecc.) with at least one abnormality from the 4 following
coagulation groups; 1. Thrombocytopenia < 150,000, 2. Coagulation
parameters; prolonged prothrombin time (PT), activated partial
thromboplastin times; aPTT and activated cloting time (ACT), 3. Inhibitor
consumption; decreased protein C, protein S or antithrombin activities;
PCA, PSA and ATA, respectively), and increased fibrinolysis;
hypofibrinogenemia, increased D-dimer and fibrinogen degradation
products concentrations (FDPs).3(Table 2)
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Table 2: Laboratory screening tests for DIC in dogs and cats

Parameter/test Early Clinical
Hypercoagulabl Manifestatio
e phase n phase
Platelet count = 0
Schistocytosis None 0
Prothrombin time (PT) =0 0
Activated partial thromboplastin  time | = [J 0
(@aPTT)
Activated clotting time (ACT) =0 0
Anti-thrombin-I111 activity =0 0
Fibrinogen O=0*0 0
Fibrinogen degradation products (FDPs) | =[] 0
D-dimer =0 0
Total Protein C =0 O
Thrombin-antithrombin complex (TAT) 0 O=0
Plasmin-antiplasmin complex (PAP) 0 =0

Legend Table 2: Laboratory results should always be interpreted with caution,
in light of the history and clinical signs, since an abnormality in any single test
is not specific for the diagnosis of DIC. These tests are not very sensitive
markers of DIC, and may yield normal results in the early hypercoagulable
stages of DIC. Serial monitoring of laboratory tests to assess the trends in
individual DIC-suspected patients is useful.

* Depends on the underlying disease.

Thromboelastography (TEG)

This technique characterizes the coagulation function by recording a
tracing that represents blood clot creation and breakdown. The tracing is a
sum of the interactions between coagulation factors, platelets, fibrin,
fibrinolysis and time. Different thromboelastographic patterns have been
identified in a variety of haemostatic disorders, including coagulation factors
deficiency, thrombocytopenia, increased fibrolysis and hypercoagulability.® In
septic human patients TEG has been utilized to identify the hypercoagulable
state that precedes the clinically recognizable phase of DIC. ° In veterinary

medicine, TEG has been evaluated in a number of studies in dogs and cats.'
13
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Treatment

Treatment should be instituted immediately once a diagnosis of DIC has
been established or when a high index of suspicion is present. Removing or
eliminating the precipitating cause constitutes the cornerstone and the main
therapeutic goal for patients with DIC. The wide variety of underlying disorders
makes the therapeutic approach to DIC particularly difficult.4

The treatment aims for DIC in dogs and cats include the following:

1. Impeding, possibly stopping, intravascular coagulation and
hemorrhage

Maintaining good parenchyma organ perfusion

Preventing secondary complications

Use of anticoagulant- heparin

Use of antifibrinolytic agents- Transhaxemic acid

ahrwN

Replacement therapy is the mainstay for the treatment of DIC #. A dual
approach is used to halt intravascular coagulation:

Blood component therapy:

Administration of fresh or fresh-frozen plasma (FP or FFP, respectively)
(at least 30-50 ml/kg /day given initially at 10 ml/kg/hr and then at 2ml/kg/hr).
This is done to replace the consumed coagulation factors. Alternatively, fresh
whole blood can be administered as a source for the coagulation factors,
inhibitors as well as platelets. FP/FFP administration is aimed at halting the
consumption of platelets, coagulation factors and inhibitors (e.g. AT, a2-
macroglobulin) in order to arrest the ongoing hemorrhagic and coagulation
processes.

Heparin - unfractionated and low molecular weight heparin:

Administration of heparin, only during the peracute hypercoagulable phase,
when PT and aPTT are shortened and AT Il activity is at least 80%. Heparin
can also be administered following FP/FFP administration and only when the
laboratory coagulation tests were normalized.

The literature lacks controlled studies on the use of heparin in DIC. Clinical
reports and retrospective studies do not provide a clear-cut indication whether
heparin use is beneficial. Heparin effects may be variable, depending on the
underlying cause and the stage of DIC.® Various studies have shown either
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positive effects, no effect or negative effects of heparin treatment and therefore
its use in DIC is still under debate.

Heparin enhances thrombin and factor Xa inactivation through activation of
AT Il inhibitory actions and therefore is ineffective when AT Il plasma activity
is insufficient. Because AT Il activity in DIC is usually low (as a result of
consumption and possibly due to inactivation), it is advisable to provide the
patient with sufficient quantities of this anticoagulant, most efficiently through
blood component replacement. In a single study in dogs with different
coagulopathies, FFP therapy did not result in increase plasma AT Il activity.®

Heparin has another anti-clotting activity, through induction of the release of
low affinity, microvasculature glycosaminoglycan-bound tissue factor pathway
inhibitor (TFPI) pools into the circulation. Enhancement of TFPI activity
represents an upstream, even more specific anticoagulatory action compared
to AT lll, in cases where coagulation is triggered by bacterial lipopolysacharides
in sepsis.'®

To the best of our knowledge, there are no controlled studies determining
the appropriate heparin dose for DIC in veterinary patients, or even
substantiating its use in this syndrome. Extrapolation from the human literature
is difficult because human patients at risk for DIC are generally also at high risk
for deep vein thrombosis (DVT). They are consequently usually treated with
aggressive heparin for DVT risk. This is generally not an issue for our patients.
Controlled studies are difficult to perform since DIC is not a primary disease,
and populations with DIC vary widely in terms of manifestation and prognosis
due to variability in the underlying disease. Several authors have, however,
proposed that in DIC sodium heparin is given at dose of 50-100 1U/kg SQ g8h.
This dose should be adjusted through monitoring of the aPTT and AT Il activity,
with the aim to prolong the aPTT by up to 30% above the upper reference
interval in a hypercoagulable state or, when such value is achieved through
replacement and supportive therapy.?

Low molecular weight heparin (LMWH) is composed of heparin fractions
with molecular weights of 4000 to 8000 daltons. LMWH was found to be more
advantageous than unfractionated heparin (UFH) in dampening the activated
coagulation. In human patients with endotoxemia, it has been shown to
significantly reduce mortality. In a double-blind, controlled study in human DIC
Patients, LMWH was more beneficial compared to UFH in decreasing bleeding
complications.’

UFH binds to AT llI, resulting in a conformation change of AT Il that leads
to greatly enhanced inhibition of many coagulation factors, such as thrombin,
Xa, Xla, Xlla and IXa. Unlike UFH, LMWH, due to its small molecular size,
cannot simultaneously bind to both AT Il and thrombin, and therefore inhibits
thrombin to a lesser extent. However, when compared to UFH, LMWH has
greater affinity to and enhanced inhibitory efficiency of factor Xa. LMWH also
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has a lesser tendency to bind to macrophages, plasma proteins and platelets,
accounting for its limited hepatic clearance, prolonged half life and better
bioavailability. In humans, LMWH has been found to have a 2-4-fold longer
half-life than UFH, with greater bioavailability and more predictable
anticoagulant effects.*® In addition, with LMWH, the likelihood of developing
heparin induced thrombocytopenia is reduced compared to UFH.*&1°

Antifibrinolytic agents

A large body of evidence in human medicine supports the use of
antifibrinolytic drugs for control of hemorrhage in a variety of clinical settings.
Antifibrinolytic therapy is commonly used in human patients undergoing
cardiovascular, pediatric and orthopedic surgery, dental procedures, or in
cases of severe menstrual or postpartum bleeding, and mainly in major trauma.
To date, antifibrinolytic drugs are clinically used in people for hemorrhage
control, including e-aminocaproic acid (EACA), tranaxemic acid (TxA), and
aprotinin. The lysine analogues, EACA and TA, inhibit plasminogen, and to a
lesser extent, increase antiplasmin activity, resulting in decreased fibrinolysis,
with TxXA having a 10-fold activity compared to EACA. The results of the large
CRASH-2 trial showed that the administration of TxA within the

first three hours after hospital admission reduced mortality in trauma patients.
Mortality rates were lowest among patients who received TxA within the first hour
after hospital admission, and authors concluded that TxA should be given as
early as possible to bleeding trauma patients.2°
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