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Common haemostasis issues in major bleeding and

critical illness
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Haemostatic abnormalities are common in the critically ill or
bleeding patient, including haemorrhage-related coagulopa-
thies, disseminated intravascular coagulation and thrombo-
cytopenia, among other pathologies. In this article we aim to
outline some of the causes of these clotting abnormalities,
highlighting recent advancements in knowledge and new
insights into their clinical management, with the aim of opti-
mising diagnostic and therapeutic strategies.

Introduction

Normal haemostasis reflects a balance between the naturally
occurring procoagulant and anticoagulant mechanisms found

in the body. Any shift in this balance or interference in the

control mechanisms may result in either an increased risk of
bleeding or a thrombotic tendency. This article attempts to
summarise some key issues of haemostasis as applied to common
practice in critically ill patients. To provide a framework for

this discussion, we have provided two fictitious case scenarios
that are not infrequently faced by clinicians. One covers major
bleeding (see Box 1) and the other critical iliness (see Box 2). The
management challenges in these patients are different. The
patient with life-threatening major bleeding may develop a range
of abnormalities in clotting but the immediate focus of care in
these patients is to maintain plasma volume and minimise further
deterioration, in coagulation.

Major haemorrhage

Recent years have seen the widespread adoption of major
haemorrhage protocols to guide shop-floor clinicians when
treating severe bleeding, based around the use of packed red
blood cells (PRBCs) and fresh frozen plasma (FFP) delivered in
fixed ratios, which aim to treat the coagulopathy that frequently
accompanies major bleeding and limit its initial development.
An important recent study, the Pragmatic Randomized Optimal
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Platelet and Plasma Ratios (PROPPR) trial, is often referred to
as establishing the benefits of empirical transfusion of PRBCs
and FFPin fixed 1:1 ratio in the treatment of patients with major
haemorrhage due to trauma, and an approach adopted within
the current British Society of Haematology (BSH) guidelines, the
interpretation of the results in this study continues to be debated
for several reasons.” In addition to evaluating a fixed high ratio
of plasma to red cells, the intervention arm also included platelets.
The trial primary outcome reported no difference in overall survival
between early administration of plasma, platelets and red blood
cellsin a 1:1:1 ratio compared to 1:1:2, although findings were
reported as significant for other secondary outcomes including
death from exsanguinotion.2

Another area of considerable research focus has centred on
coagulation abnormalities in trauma-related major bleeding.
Typically these have been defined by abnormalities of the
prothrombin time (PT) and reported to occur in some patients
before fluid and transfusion therapy has commenced and

Major haemorrhage due to trauma can be associated with a
coagulopathy in part based on the early depletion of fibrinogen
and fibrinolysis driven by activation of Protein C

Standard coagulation tests may be of limited use in major
haemorrhage as they are often insensitive in detecting
coagulopathy

Viscoelastic hemostatic assays (VHAs) may potentially provide
a more global assessment of coagulation status with faster
turnaround of results but their utility is not fully established

Disseminated intravascular coagulation (DIC) can be
challenging to diagnose using standard laboratory tests and
requires clinical judgment

Thrombocytopenia is common in critical care patients —
thresholds for platelet replacement depend on the underlying
clinical picture
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Box 1. Case report 1

A 43-year-old man was transferred to a major trauma centre
having sustained crush injuries to his pelvis following an accident
on a building site. On arrival he was hypotensive and tachycardic,
with a lactate of 5.3 and a normal haemoglobin obtained on a
venous blood gas. Laboratory blood tests were sent and he was
treated with intravenous tranexamic acid and transfused with 2
units each of packed red cells (PRBCs) and fresh frozen plasma
(FFP). Computed tomography identified a splenic rupture and
pelvic fractures with large amount of blood in his abdominal
cavity. He was then urgently transferred to theatre for stabilisation
of his pelvic fractures and management of his splenic injury.

therefore is not dilutional. This research into trauma-induced
coagulopathy (TIC), and in particular the acute traumatic
coagulopathy (ATC) identified by Brohi et al, has suggested
early depletion of fibrinogen and fibrinolysis driven by activation
of Protein C may be significant driving mechanisms.>* The
important role of hyperfibrinolysis provides a rationale for early
use of tranexamic acid, as documented clearly in the CRASH-2
trial.® Other research is ongoing to evaluate the therapeutic use
of concentrated forms of fibrinogen such as cryoprecipitate and
fibrinogen concentrate.®

It is important to recognise that these studies have been
undertaken in trauma and may not apply in other clinical settings
of major bleeding. The coagulation abnormalities in patients with
bleeding due to variceal bleeding in patients with cirrhosis is poorly
studied and in these patients acute changes in vascular pressures
due to ‘aggressive’ fluid therapy are unlikely to be beneficial.
Haemostatic changes in pregnancy mean that the management
of postpartum haemorrhage (PPH) should also be considered
differently from trauma.”® There is a shift towards a prothrombotic
state, with increases in the circulating concentrations of all
clotting factors (except Factor XI), and especially fibrinogen, von
Willebrand factor (VWF) and Factor VIII, which are reflected in
laboratory assays and whole blood viscoelastic hemostatic assays
(VHA) measurements.>0!’

Diagnostic limitations in haemostasis

The BSH guidelines suggest that after the initial transfusions of
FFP (and red cells), further transfusion management should be
guided by results of conventional laboratory-based tests (PT, APTT,
fibrinogen).

There are many general limitations when documenting
abnormalities of PT and APTT tests and the PT and APTT provide
only a very limited assessment of haemostatic status. Firstly, they
measure the time taken for a clot to form, which occurs when only
5% of total thrombin generation has occurred. Secondly, they
reflect only the procoagulant factors and are unaffected by the
levels of natural anticoagulants. Thirdly, they are insensitive to
modest but potentially clinically relevant levels of other factors,
although the most frequently used test, the PT, is sensitive to
functionally unimportant reductions in factor VIL. Finally, they are
poor at identifying a prothrombotic state.?

The BSH guidelines recommend clotting tests being
taken every 30—60 minutes during a major haemorrhage
episode, although this can be difficult to manage in clinical
practice, and the time taken to receive the results of standard
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Box 2. Case report 2

A 19-year-old woman was admitted to hospital with a 1-day
history of fever and malaise, followed by a rapid deterioration
and collapse. Clinical examination revealed a purpuric rash

over lower limbs and trunk. She was treated empirically with
intravenous antibiotics and fluids, and admitted to the intensive
care unit. Blood cultures subsequently confirmed meningococcal
septicaemia. During admission her condition deteriorated,

with a concomitant drop in platelets and a prolonged PT

on her clotting profile. This was suspected as being due to
disseminated intravascular coagulation and she was treated
with an unfractionated heparin infusion.

lab tests (often over 45 min) also limits their utility in emergency
situations.! The potential value of conventional laboratory-
based testing in individual patients is not as a single isolated
measure of coagulation but for serial monitoring of a dynamic

Near patient tests (eg viscoelastic haemostatic assays [VHAS]
such as TEG/ROTEM) are often considered promising alternative
diagnostic tests but their exact role remains to be defined in
clinical trials.! VHAs may potentially provide a more global
assessment of coagulation status with faster turnaround of
results (approximately 10 min); however, the main evidence for
the value of VHAs has been in cardiac surgery. In trauma, the
iTACTIC randomised trial is ongoing; this multinational European
study aims to assess their use in the management of traumatic
haemorrhage.”

Critical illness
Disseminated intravascular coagulation

A number of disorders are frequently encountered in the critical
care environment that can result in disseminated intravascular
coagulation (DIC). DIC remains a poorly understood and
recognised entity.”® International Society for Thrombosis and
Haemostasis (ISTH) guidelines exist to help standardised
diagnosis of DIC, but their value in clinical practice remains less
clear. Precipitating factors include sepsis, malignancies, trauma,
obstetric complications and autoimmune disorders, with sepsis
being by the far the most common.'® DIC remains a challenge
to identify clinically, as there are no clinical findings sufficiently
sensitive or specific to accurately diagnose the condition, and its
overall course can vary considerably with different manifestations
of the disease. ISTH has proposed a scoring method for overt and
non-overt DIC based on standard laboratory assays (see Table 1)."
While these still remain the main method of establishing a
diagnosis of DIC, they are often not sensitive enough to detect its
presence — 50% of cases of DIC have a normal PT for example.
Low or rapidly decreasing platelet levels are the most common
abnormal haematological feature, though these too may be
normal in some cases.'®

Initial treatment of DIC is essentially based on supportive
care and treating the underlying cause (eg initiating antibiotic
administration and source control in sepsis-related DIC). In
early cases this may be sufficient to halt the process and restore
normal haemostasis; however, in more severe cases haemostatic
derangements may persist.19
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Table 1. ISTH scoring system for overt disseminated

intravascular coagulation
Platelet count

>100,000/uL (0 points)
50,000/pL-100,000/uL (1 point)
<50,000/pL (2 points)

Increase in fibrin markers

No change (0 points)

Moderate rise (2 points)

Strong rise (3 points)
Prothrombin time prolongation
<3 seconds (0 points)

>3 seconds but <6 seconds (1 point)
>6 seconds (2 points)

Fibrinogen Level

Greater than 1 g/L (O points)

Less than 1 g/L (1 point)

0-4 points: DIC is not overt, repeat score in 1-2 days
5-8 points: DIC probable, repeat score daily
ISTH = International Society for Thrombosis and Haemostasis

Thrombocytopenia in critical care

A number of conditions commonly encountered in critical care

can result in a drop in the circulating platelet count, including
sepsis, DIC, thrombotic microangiopathy, and heparin-induced
thrombocytopenia (HIT) — the incidence of thrombocytopenia

in intensive care units (ICUs) has been shown to range from
13-50%.°° Typical thresholds for replacement therapy are at
<30-50 x 10%/L in a patient suspected of bleeding, or <10 whether
bleeding suspected or not. In patients with platelet dysfunction,
eg due to antiplatelet medication, uraemia, or severe liver failure,
the picture may be more complex, as platelet levels may not
correspond to activity/effectiveness. However, the recent PATCH
trial reported evidence of harm associated with use of platelet
transfusions in the setting of intracranial bleeding in patients
on antiplatelet drugs who were treated with platelet infusions.
The reasons for this outcome are unclear, but serve to emphasise
the point that platelet transfusions are biological products with
arange of potential immunomodulatory and proinflammatory
consequences.

21

Prolonged coagulation times in non-bleeding patients

Prolonged coagulation times are common in the ICU, with

an international normalised ratio (INR) >1.5 (INR — a ratio to
standardise the PT test that allows for differences between
laboratories so that the test results can be compared) detected in
almost two-thirds of patients; however, providing clear evidence-
based recommendations for prophylactic use of plasma in
non-bleeding critically ill patients remains challenging.?? FFP is
widely used in the treatment of coagulopathy in the bleeding
patient, but it is likely that much of this is inappropriate, and it is
estimated that over one-third of its use in current UK ICU practice
is outside standard recommendation.” Recently, BSH published
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guidelines on the use of FFP and cryoprecipitate in absence

of bleeding.?® The Intensive Care Study of Coagulopathy—1
(ISOC1) study described significant prophylactic FFP use in 1,923
critical care admissions with coagulopathies defined by standard
coaqulation assays.?“ The follow-up ISOC-2 study evaluated the
use of an alternative global assay termed ‘thrombin generation’
(TG), that might provide more information on the summation of
procoagulant activities or better address the net balance between
procoagulant and anticoagulant forces.?® Plasma samples were
collected and analysed from 306 patients admitted to intensive
care with prolonged PT. Overall, despite prolonged PT, 47.8 %
patients had endogenous thrombin potential (ETP) within normal
limits. Another recent randomised trial by De Pietri et al evaluated
the use of TEG in 60 patients with cirrhosis and significant
coagulopathy who were undergoing an invasive procedure. The
authors reported that TEG-guided transfusion strategy led to a
significantly lower use of blood products without an increase in
bleeding complications.?® These publications support the need for
better tests to determine whether interventions can be withheld
safely in groups of nonbleeding patients with prolonged PTR to
provide a rationale that would avoid complications of unnecessary
transfusions of plasma to non-bleeding patients.

Summary

Challenges remain in the identification and management of
haemostasis in major haemorrhage and critical illness. Future
developments should include the use of alternative diagnostic
tests, and increased understanding of the role and efficacy of
triggered therapeutic interventions may greatly enhance our
ability to manage these conditions. m
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