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11.1 Introduction

Disseminated intravascular coagulation (DIC) is a severe clinical condition, which
involves considerable activation of both coagulation and fibrinolysis in the circulat-
ing blood [1, 2]. It is characterized by organ failure and a tendency to bleed. The
pathological feature of DIC is characterized by extensive thrombus formation in the
microvasculature due to coagulopathy despite differences in underlying causes.
Chan et al. revised this definition and proposed a unified theory, which consider
DIC during sepsis primarily a result of microthrombogenesis, due to activation of
Ultra Large Von Willebrand Factors (ULVWF) and proposed the new definition of
an endotheliopathy-associated vascular microthrombotic disease (EA-VMTD) [3, 4].
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11.2 Pathophysiology
11.2.1 The Coagulation Cascade

The induction of DIC is multifactorial, but the first critical event is the activation of
tissue factor (TF) by different mechanisms. TF is expressed in many cells, as mac-
rophage, monocyte neutrophils, and endothelial cells [5]. During sepsis pro-
inflammatory cytokines, pathogen-associated molecular pattern (e.g., endotoxin) or
damage-associated molecular pattern (e.g., cellular lysis products) act on monocyte/
macrophage via Toll like receptor and activate TF [6]. TF is upregulated as sepsis
worsens and induces coagulation through activation of factor VII and thrombin.
Yang X et al. demonstrated that TF and VII factor activation depends also on gas-
dermin, a protein that induces release of calcium to the inner membrane of macro-
phage through a caspase-dependent reaction [7, 8].

The second important event is platelet activation through ULVWEF, which is
upregulated during sepsis and it is released from activated endothelium and not
inhibited by anti-thrombotic proteins, as ADAMS T3 [8]. These two procoagulant
events turn on microvascular thrombosis and the macro, which in conjunction with
hemodynamic derangement contributes to multi-organ failure. [9].

These procoagulant events are associated with alteration of normal endothelial
cell physiology and normal fibrinolytic processes. The glycocalyx, nitric oxide
(NO), thrombomodulin, protein C, tissue factor pathway inhibitor, and antithrombin
IIT maintain the normal vascular homeostasis: during sepsis all these factors are
deranged and contribute to a prothrombotic environment [10, 11].

The fibrinolytic process exerts a protective effect through the activation of a pro-
thrombotic and hyperfibrinogenemia state. The initial response to coagulation acti-
vation in bacteremia and endotoxemia is an increase of the fibrinolytic capacity, due
to enhanced release of tissue plasminogen activator (tPA) from the endothelium and
acceleration of tPA-induced plasminogen activation by fibrin [12]. However, levels
of plasminogen activator inhibitor 1 (PAI-1), the main inhibitor of fibrinolysis,
increase during the course of an inflammatory reaction and a prothrombotic status
is inducted through the activation of TAFI [13-16].

11.2.2 Cytokines Endotoxin and Coagulopathy

This procoagulant activity is exacerbated by the dysfunction of the platelets, which
induce the initial coagulant process and then amplify the inflammatory and pro-
thrombotic cascade.

Platelet-derived MPs (microparticles) arise from activated platelets and induce
the release of interleukin (IL)-1b, IL-6, IL-8, and monocyte chemoattractant pro-
tein-1 (MCP-1) and monocytic (IL-1b, Tumor necrosis factor (TNF), IL-8) cyto-
kines. The procoagulant activity of MPs is much stronger than activated platelets
and correlates with a huge release of pro-inflammatory mediators [17]. IL-6 is one
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of the major mediators involved in coagulation: it induces TF expression. At differ-
ent cellular levels, it activates endothelial cells and impairs anticoagulant mecha-
nisms [18, 19].

However, also endotoxin interferes with the coagulation. Many studies evaluated
this relationship with discordant results. In vitro and in vivo animal models demon-
strated the potential of LPS to initiate clotting [20, 21]. Clinical models patients
with sepsis demonstrate shorter coagulation time and clot formation times. Neither
platelet counts or function nor conventional clotting parameters were influenced by
endotoxin concentration [22].

In contrast to these data, Zacharowski et al. observed hematologic parameters
characterized by a consumption coagulopathy, with platelets decrease, fibrinogen
consumption, and increase of vVWF and PAI-1. These data were significantly related
to increases of R and K times and decreases in MA evaluated by the thromboelas-
tography [23].

These contradictory data could stem from different animal models, different
times of study and not homogeneous laboratory parameters.

Recently, the pandemic Covid-19 storm complicated this issue, as the coagula-
tion response during Covid infection has new aspects in relation to sepsis model,
which interferes with a prompt diagnosis and therapy [24].

11.3 Clinical Features of DIC

Depending on the underlying disease, the intensity of coagulation activation, and
the deficiency of the natural anticoagulant pathways, DIC may present as either a
latent and compensated activation of coagulation with subtle hemostatic dysfunc-
tion and overt DIC with both bleeding and thrombotic manifestations. This may
include both microvascular thrombosis and thrombosis of larger vessels, first of all
in septic patients [25].

11.3.1 Differential Diagnosis in ICU

Whereas many clinical pathological conditions may result in thrombocytopenia,
this requires a differential diagnosis and different therapeutic approach [26].

First, primary pseudothrombocytopenia must be excluded. Thereafter, drugs
affecting platelet function and therefore blood deficiency should be excluded. In
addition, some clinical events, such as increased blood loss and hemodilution, can
also reduce the number of platelets. Many extracorporeal treatments can interfere
with coagulation and simultaneously activate an inflammatory response. The
immune-mediated disorder and post-transfusion purpura should be excluded. Renal
and hepatic diseases can induce hypersplenism and hemolytic-uremic syndrome.
Finally, myelodysplastic syndrome, cancer, and HTCP must be considered.
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11.3.2 Diagnosis

11.3.2.1 Laboratory Findings
Laboratory findings have a prominent role for the diagnosis of DIC in ICU. Levi M
et al. revised the most important criteria for the diagnosis of DIC [27].

Today, there are five different diagnostic scoring systems for DIC established by
the ISTH, the Japanese Ministry Health and Welfare (JMHW), the Japanese
Association for Acute Medicine (JAAM), the British Committee for Standards in
Haematology (BCSH), and the Italian Society of thrombosis and Hemostasis.
Recently a new score—sepsis induced coagulopathy (SIC)—dedicated to DIC in
septic shock has been proposed, considering that delay for diagnosis is a major
drawback of the above score system.

SIC is composed of three items: (1) presence of organ dysfunction; (2) decreased
platelet count; (3) increase of PT-INR. Some studies reported a high predictive
value for this score.

11.3.2.2 Thromboelastography

Thromboelastography (TEG) is a point-of-care test that quickly measures the rate
(reaction time®, clot formation speed (K), and alpha angle, strength (maximum
amplitude (MA)), and stability (lysis after 30 min (LY30)) of clot formation. It cor-
relates with bleeding and thrombosis in cardiac surgery, neurosurgery, trauma and
liver surgery, but is seldom used in septic patients with derangement of coagulation.

Nevertheless, it is useful for quickly identifying patients at increased risk of DIC at
admission and also for guiding targeted therapy for coagulopathy. Moreover, during
the management of extracorporeal treatment, TEG is essential to titrate the exact dos-
age of the anticoagulant end/or choose the right one, a light of new clinical scenario
(e.g., platelets decrease during heparin). Recently, two studies identified MA decrease
(<60 mm) and prolonged K time, decreased angle, and increased R value as predictors
of early DIC in septic patients, with a correlation of laboratory findings [28].

The basis of DIC treatment is the removal of the underlying causative factor.
However, DIC will most often progress even after appropriate treatment of the
underlying disease. Ideally, an effective treatment for DIC would distinguish
between hyperfibrinolytic and hypofibrinolytic degradation, in which prothrom-
botic vs. hypofibrinogenemia should be differentiated. However, laboratory diag-
nostic means for such distinctions are not universally available and the DIC
treatment during sepsis remains controversial [29].

11.4 Extracorporeal Support During Septic DIC
and the Coagulation Response

Extracorporeal blood purification is increasingly used in septic patients with organ
failure, including coagulation dysfunction, which may result in DIC. Moreover,
anticoagulation must be used to avoid clotting of the membrane: either heparin or
regional citrate has many effects on platelets and coagulation factors, which may
worsen the clinical condition. Only recently, Villa et al. addressed this important
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point in a multicenter prospective study, aimed to describe the incidence and the
associated factors of premature clotting of the oXiris membrane [30]. Interesting,
either the hematological factors, the anticoagulant but also the pro-inflammatory
molecules had a role in clotting the membrane, confirming the link between coagu-
lation and inflammation. All these factors must be carefully evaluated when patients
with organ failure need extracorporeal support to ensure an optimal treatment.

11.4.1 Blood Purification with oXiris Filter: Effect
on Endotoxemia and Coagulation

11.4.1.1 Clinical Experience

From January 2012 to September 2020 143 patients with sepsis septic shock (Sepsis 111
definition) and AKI (AKIN classification) required ICU admission to Aurelia Hospital
and European Hospital in Rome. One hundred one patients received CRRT with oXiris
filters and completed the study. In these patients Endotoxemia [EAA, Endotoxin Activity
Assay; Spectral Diagnostics, Inc., Toronto, Ont., Canadal, PAl-1[Human PAI-1 ELISA
Kit] SIC, Sepsis—induced coagulopathy, Thromboelastography—[Haemonetic 5-6]
was evaluated at TO (Basal time) and T1 (after 72 h) [31]. Endotoxin was detected in
all the patients at TO. Its value at TO was 0.73 = 0.14 units.

At TO 8.5% of patients had low EAA activity (<0.39 units), 28% medium EAA
activity (0.40-0.59 units), and 63% of patients high EAA activity (>0.60 units),
confirming the massive release of endotoxin in septic patients with AKI (Fig. 11.1).
At T1, EAA decreased to 0.52 + 0.17 units (p < 0.01 vs. TO). At this time the per-
centage of patients with EAA high activity decreased with the changes of EAA
(Fig. 11.1). IL-6 changes mirrored this improvement. The number of platelets, in
part, correlated with the EAA activity (Fig. 11.1).

At TO patients with laboratory signs of DIC were 19% at TO and 22% at T1
(p = NS), but when DIC was assessed by TEG (MA < 60 mm) the percentage of
patients with DIC was 10%. This is at variance with a recent study, in which all
patients with septic shock had a tendency toward hypocoagulability with alteration
of all TEG values.

This confirms the safety of RRT with oXiris filter, when anticoagulation with
citrate is used and is in agreement with the course of TEG parameters (Table 11.1).

Patients with DIC assessed by TEG, in comparison to non-DIC patients, had less
decrease of IL-6 and EAA, confirming that clearance of pro-inflammatory media-
tors could improve the coagulation (Fig. 11.2). Finally, we evaluated the course of
PAI-1 during RRT with oXiris. PAI-1 is a key inducer of DIC in septic patients, is
triggered by many pro-inflammatory mediators and increases the risk of micro-
thrombosis in septic patients. Recent evidence suggest that PAI-1 overexpression is
the hallmark of sepsis-associated DIC, as hypofibrinogenemia is less present in sep-
tic patients and decrease of platelets and PT prolongation is more present [32].

PAI-1 decreased during oXiris treatment, probably adsorbed as other pro-
inflammatory mediators by the membrane: this may, in part, explain the stability of
coagulation and the few episodes of bleeding in the patients (Fig. 11.2).
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Fig. 11.1 (a, b) show the
effect of the oXiris

treatment on EAA activity:

the patients with higher
EAA activity at TO
decreased by 50% at T2.
Patients with low EAA
activity increased by 30%
at T1. At (¢) the effect on
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Table 11.1 TEG parameters during RRT with oXiris filter
Parameters TO T1
R [min] 9.65+3 9.59+4
K [min] 2.1+05 3.7+09
Ang [grade] 65 +7 62+9
MA [mm] 65+5 59+8
K [min] 2.1+0.1 3+£0.2
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Fig.11.2 (a, b) indicate
the different effect of DIC,
evaluated by TEG, on the
changes of EAA and IL-6.
(¢) indicates the different
effect of DIC, evaluated by
TEG, on the changes of
PAI-1. The effect was more
prominent for the IL-6. In
all the patients, not
stratified on MA data, the
changes of PAI are shown:
the oXiris modulates
significantly the
prothrombotic effect of
PAI-1 (p <0.01)
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