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Chapter 1
General introduction and outline of this thesis

Marcella C.A. Müller and Nicole P. Juffermans

Chapter 1

Background
Due to the high prevalence of coagulopathy among patients at the intensive care
unit (ICU) [1], administration of Fresh Frozen Plasma (FFP) to critically ill patients is
common practice. Thirteen per cent of ICU patients receives FFP during their stay
at the ICU [2] and this can be up to 60% in specific ICU patient populations [3]. However, knowledge regarding identifying coagulopathy as well as efficacy and adverse
effects of FFP in the critically ill is scarce.
This thesis aims to study the risk benefit balance of FFP transfusion. In order to optimize the risk benefit decision to transfuse, we aimed to assess whether identification of patients with a coagulopathy and increased bleeding risk could be improved.
In addition, we studied the effectiveness of FFP transfusion to correct coagulopathy
in critically ill patients and thereby mitigate the risk of bleeding. To further improve
risk benefit assessment, we studied pathophysiology, treatment and prevention of
transfusion related acute lung injury, which is the main adverse outcome of FFP
transfusion.

Coagulopathy in critically ill patients
Pathophysiology, prevalence and outcome
Coagulopathy is often referred to as “a condition in which the blood’s ability to clot is
impaired” [4], however this description is a simplification of reality. The coagulation
system consists of three main components. The pro-coagulant elements include the
endothelium, thrombocytes, individual coagulation factors and fibrinogen. The anticoagulant system includes proteins C and S and antithrombin. The third component
of coagulation is the fibrinolytic system (figure 1). In critical illness, these different
components can be deranged in various ways, often resulting in an imbalance due
to enhanced activation of coagulation and impaired inhibition of coagulation and
fibrinolysis (figure 2). The result is a variable clinical picture with patients with an
increased bleeding tendency (“consumption coagulopathy”) and those having disseminated intravascular coagulation (DIC) with the formation of (micro) vascular
thrombi, associated with multiple organ failure.
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Figure 1: Schematic and simplified overview of coagulation cascade, including the anticoagulant and fibrinolysis pathways.

The coagulation cascade (indicated in black) starts with endothelial injury, resulting in the
formation of the tissue factor (TF) - factor VII (FVIIa) complex. Subsequently the conversion
of prothrombin to thrombin results from the activation of factors X (FXa) and V (FVa). The
whole process is enhanced via an amplification loop, thrombin is the key activator of this
loop. Ultimately thrombin converses fibrinogen into fibrin resulting in a formation of a stable
clot. The anticoagulant pathways are indicated in dashed lines. Activated protein C (APC)
inactivates factors Va, while antithrombin (AT) blocks the action of multiple coagulation
factors (including Xa and thrombin). Tissue factor pathway inhibitor (TFPI) inhibits the
TF-FVIIa complex and hereby the stepwise activation of the coagulation cascade. The
fibrinolytic system, responsible for clot degradation with the formation of fibrin degradation
products (FDP), is indicated in grey. Thrombin activatable fibrinolysis inhibitor (TAFI) and
plasminogen activator inhibitor (PAI-1) are the main inhibitors of fibrinolysis.
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Figure 2: Factors influencing the hemostatic balance in critically ill patients.

VWF
ADAMTS-13
TFPI
PAI-1
TAFI

= von Willebrand factor
= a disintegrin and metalloproteinase with thrombospondin type 1, motif 13
= tissue factor pathway inhibitor
= plasminogen activator inhibitor type I
= thrombin activatable fibrinolysis inhibitor

Table 1: Main causes of coagulopathy in critically ill patients
Causes of coagulopathy in critically ill patients
Sepsis
Multiple trauma
Brain injury
Major blood loss (e.g. gastro-intestinal, obstetric)
Liver disease
Disseminated intravascular coagulation
Use of vitamin K antagonists before ICU admission
Vitamin K deficiency
Renal failure
Cardiac surgery
Thrombotic micro-angiopathies
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Studies using conventional coagulation tests indicate that the prevalence of coagulation abnormalities in critically ill patients is high. Up to 30-66% of patients have
an International Normalized Ratio (INR) of >1.5 or a prothrombin (PT) ratio of >1.5
[1,5] and 8 to 45% of patients develops thrombocytopenia during their intensive
care unit (ICU) stay [6-9]. The most common causes of deranged coagulation are
summarized in table 1 [4]. Of note, irrespective of the underlying disease, the occurrence of both prolonged PT/INR [1] and thrombocytopenia [7,9] are independently
associated with increased mortality in critically ill patients. Furthermore, in addition
to a hypocoagulable state, up to 20% of critically ill patients develops DIC and the
resulting hypercoagulable state is associated with multiple organ failure and high
mortality (45-78%) [10].
Assessing coagulation status in critically ill patients
Most commonly used tests to assess coagulation status include assessment of platelet count, coagulation times (activated partial thromboplastin time (aPTT), PT and
INR) and levels of fibrinogen and d-dimers. Results from these tests only reflect a
limited part of the haemostatic process. Therefore they fail to reflect in vivo haemostatic potential and hereby cannot reliably predict potential bleeding risk [11]. In
addition, there is a lack of available tests for clinical use to detect a defective natural
anticoagulant system and the same applies to markers of fibrinolysis [12]. Moreover,
conventional coagulation assays lack the ability to detect a hypercoagulable state.
To date, the ISTH DIC score [13], a composite of platelet count, PT prolongation,
D-dimer and fibrinogen levels, is the only clinical way to diagnose DIC accompanied
by a hypercoagulable state.
In contrast to conventional coagulation tests, rotational thromboelastography
assesses the whole process of clot formation and degradation. The resulting thromboelastogram represents initiation of clot formation, fibrin formation and clot degradation [14]. In the past decade, evidence has shown that thromboelastography
has additional value to rapidly detect depletion of coagulation factors and fibrinogen in massive bleeding [15-17]. In critically ill patients with a suspected coagulopathy, thromboelastography could improve identification of patients who have an
increased bleeding risk and are in need of FFP transfusion.
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Also, enhanced fibrinolysis or hyperfibrinolysis, in particular after trauma, can be
diagnosed using thromboelastography [18-20]. Moreover, it has well been shown
that this bedside test is capable of detecting a hypercoagulable state [21-23]. Of
note, there is no uniform definition for hypercoagulability, which renders the interpretation of data on clinical relevance of thromboelastography detected hypercoagulability challenging. In addition, data from critically ill patients are scarce and
reference standards for this population, with a high prevalence of coagulation
abnormalities, are lacking. Hereby, despite its potential advantages, the additional
value of this test in critically ill patients remains to be established.

Plasma transfusion in the critically ill
Current indications and use of plasma in critically ill patients
Fresh frozen plasma (FFP) effectively corrects multiple clotting factor deficiencies
and guidelines recommend its use in severe bleeding [24,25]. However, a number of
audits have shown that a substantial amount of FFP is administered prophylactically
to patients who have a coagulopathy, but lack signs of active bleeding [26-28]. Of
note, evidence that prophylactic administration prevents bleeding complications,
in particular after interventions in patients with a coagulopathy, is absent [29,30].
Despite the reported lack of evidence on effectiveness, inappropriate use of FFP
is widespread. In the Netherlands, 80.000 FFP units are issued annually (www.sanquin.nl). Of note, critical care physicians exert the majority of these requests [26,27].
The following paradigm responsible for inappropriate use of FFP has been postulated: clinicians assume that (1) elevated PT/INR predicts an enhanced bleeding risk
in the setting of a procedure, (2) pre-procedural FFP administration improves PT/INR
values and (3) prophylactic FFP transfusion indeed results in fewer bleeding complications (figure 3) [11,31-33].
Efficacy of FFP to correct coagulopathy in critically ill patients
A few small clinical trials have studied the efficacy of FFP in critically ill patients
with a coagulopathy. These studies are hampered by different doses used and no
assessment of the effect of FFP administration on occurrence of bleeding complica-
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Figure 3: Paradigm on the use of fresh frozen plasma to treat or prevent bleeding [11,33].

PT
INR

= prothrombin time
= international normalized ratio

tions [34,35]. Judgement of results is further hampered by the fact that both actively
bleeding and patients without bleeding were included.
In assessment of efficacy of FFP, the dose is of importance. Interestingly, for prophylactic FFP transfusion the reported doses used in clinical practice are often less
than 10 ml/kg [27,36]. These doses of FFP fail to correct marginally elevated INR
values [37]. Despite these findings, physicians consider a small dose of FFP effective to reduce risk of bleeding in coagulopathic patients (figure 3). Altogether, evidence supporting the efficacy of FFP to correct coagulopathy in critically ill patients
is scarce.
In addition to a lack of evidence on effectiveness, some reports suggest detrimental
effects of FFP. In critically ill patients, FFP transfusion was shown to be an independent risk factor for the occurrence of lung injury [38-41] and was associated with
an increased ICU length of stay [40-42]. Also, transfusion of FFP has been linked to
occurrence of infectious complications [43,44]. Taken together, the widespread use
of FFP together with a lack of knowledge on effectiveness of FFP in the critically ill
and the potential detrimental effects of FFP transfusion in these patients resulted
in an expressed need for more and better evidence supporting the use of FFP in ICU
patients [32,45].
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Risks of plasma transfusion in the critically ill: transfusion related
acute lung injury
Background
Despite obvious clinical benefit in bleeding, FFP is repeatedly associated with the
occurrence of lung injury in trauma, postoperative and critically ill patients [46-48].
We investigated the problem of lung injury following FFP transfusion in more detail
in the last section of this thesis.
Transfusion related acute lung injury (TRALI) is the leading cause of transfusion
related morbidity and mortality [49,50] and is defined as the onset of acute lung
injury (ALI) occurring within six hours after a blood transfusion. The ensuing pulmonary edema is characterized by worsening oxygenation and bilateral infiltrates on a
chest radiograph [49]. TRALI most frequently occurs in at risk populations, such as
critically ill and cardiac surgery patients, with incidences of 5-8% [39,48,51]. Attributable morbidity and mortality is considerable. Up to 70% of TRALI patients requires
mechanical ventilation [52] and up to a fifth of patients die [53]. In addition, in critically ill patients, TRALI prolongs duration of mechanical ventilation, ICU length of
stay and increases hospital and long-term mortality [39,51,54].
Pathophysiology
Pathophysiology of TRALI has not been fully elucidated yet. However, data acquired
in the past decade have resulted in the concept of a ‘two-event’ model [55]. This
model might explain the relatively high incidence of TRALI in the critically ill, as the
first event composes of the patients’ underlying condition. An underlying inflammatory condition, such as sepsis, induces priming of pulmonary neutrophils and vascular endothelium. The second event is the transfusion of a blood product containing
antibodies or other substances. Subsequently, primed neutrophils are activated
with the release of inflammatory cytokines, resulting in endothelial damage and the
development of lung injury [55]. The second event can be immune mediated or nonimmune mediated. Immune mediated TRALI results from blood products containing human anti-neutrophil (HNA) or anti-leukocyte antibodies (HLA) that cross-react
with recipients’ cognate antigens. Up to two-thirds of TRALI cases is thought to be
immune mediated. In particular in plasma rich products, antibodies are frequently
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Figure 4: The occurrence and severity of a TRALI reaction depends on the degree of predisposition of the recipient (grey box) and the strength of the neutrophil priming activity of the
transfused product (white box). Edited from Bux et al. [60] and Vlaar [69].

present. A non-immune mediated TRALI reaction results from bioactive substances,
which accumulate during storage of cell containing blood products. Implicated substances include lysophosphatidylcholines (LysoPCs), non-polar lipids, inflammatory
cytokines and soluble CD40 [56-59]. However, the precise pathways that lead to
activation of primed neutrophils and subsequent endothelial damage are still largely
unknown.
In addition to the ‘two-event’ model, a threshold model has been postulated [60].
According to this hypothesis, the severity of patients’ underlying condition (‘first
event’), determines the threshold for the second event [60,61]. This means that
smaller amounts of antibodies or bioactive substances can induce a TRALI reaction
in critically ill patients compared to more healthy individuals needing a transfusion
(figure 4). Thereby, ICU patients may be at increased risk of acquiring TRALI. This
underlines the need of a careful risk benefit assessment of the need of transfusion
of FFP or any blood product in this population.
Prevention and treatment
As about two-thirds of TRALI cases are immune-mediated, a substantial amount
of reactions can be prevented if donors harbouring HLA or HNA antibodies are
excluded from donation of plasma containing blood products. The most important
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reasons for occurrence of HLA or HNA antibodies within the donor population are
previous pregnancies and a history of transfusion [62]. In particular multiple pregnancies induces antibody formation and up to a third of multipara women develops
HLA antibodies [62,63]. Based on this knowledge, various donor risk reduction strategies have been implemented by different blood suppliers. Strategies range from
active screening of allo-exposed donors and deferral of antibody positive donors
[64], deferral of all allo-exposed donors [65-67] and deferral of all female donors
[53,68]. The effect of the abovementioned strategies on the onset of TRALI varies,
while they also differ in impact on the loss of potential donors and workload for
blood suppliers.
Although preventive strategies have contributed to a reduction in occurrence of
TRALI, cases still occur, in particular in the most severely ill patients, as they have the
lowest threshold to develop a reaction. Despite the reported attributable morbidity and mortality, a pharmacological treatment is not available. Therefore, research
into therapeutic strategies is highly warranted.

Outline of this thesis
This thesis focuses on the risk benefit balance of FFP transfusion. Improving identification of patients with a coagulopathy and increased bleeding risk may aid in
an improved risk benefit decision to transfuse. Therefore, we studied in depth the
assessment of coagulopathy in critically ill patients. The second part focuses on the
ability of FFP transfusion to correct coagulopathy in critically ill patients and thereby
mitigate the risk of bleeding. To further improve risk benefit assessment, the occurrence of TRALI as the main adverse outcome of FFP transfusion was investigated
in detail using clinical and experimental studies on the pathophysiology, treatment
and prevention of TRALI.
Part I investigates the ability of thromboelastometry to detect coagulopathic
derangements in critically ill patient populations. Chapter 2 gives an overview of
available literature on the use of thromboelastometry in the intensive care setting.
Chapter 3 is a systematic review of literature on the diagnostic and prognostic value
of thromboelastometry in patients with sepsis. These chapters are followed by large
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cohort study on the value of coagulopathic profiles as detected by thromboelastometry to assess outcome after major trauma (chapter 4). Other hemostatic tests,
which assess coagulopathy, in addition to INR, are studied in part II. The efficacy
of FFP in non-bleeding critically ill patients with a coagulopathy is another focus of
part II. First the results of a multicentre randomized clinical trial on the ability of FFP
to prevent bleeding complications in critically ill patients with a coagulopathy who
need to undergo an intervention (TOPIC trial) are discussed (chapter 5). Chapters 6
and 7 describe the ability of hemostatic tests, including thromboelastometry, on
assessment of coagulopathy and the in vivo effects of FFP transfusion on the coagulation system of critically ill patients. Effect of FFP on levels of individual coagulation
factors, natural anticoagulants, thrombin generation and the fibrinolysis system are
also described. In addition the effect of FFP transfusion on thromboelastometry is
discussed. Furthermore, the effect of FFP transfusion on the inflammatory response
and endothelial function in critically ill patients is discussed in chapter 8. Chapter 9
contains an evaluation of the TOPIC trial, as inclusion targets were not achieved in
this trial despite a reported need for more evidence on the use of FFP in patients
with a coagulopathy. The aim of this chapter was to identify constraints in conducting intervention trials on the effectiveness of FFP in critically ill patients and to make
recommendations for further research in this field.
In part III, several aspects on the pathophysiology, treatment and prevention of
TRALI are discussed. Chapter 10 reviews the risk factors for TRALI in critically ill
patients. Chapter 11 is an observational study on the contribution of damage-associated molecular pattern molecules (DAMPs), which are thought to mediate host
response to both infectious and non-infectious stimuli, to the development of TRALI
after cardiac surgery. A general overview of potential strategies to reduce the risk of
TRALI is given in chapter 12, while measures to specifically prevent immune-mediated TRALI are discussed in chapter 13. In addition, we performed a meta-analysis
on the impact of low risk TRALI donor strategies for plasma containing blood products on the onset of TRALI (chapter 14).
Finally, chapters 15 and 16 describe the effects of administration of methylprednisolone and C1 inhibitor in a murine model of TRALI.
The results from all parts are summarized and discussed in chapter 17 (English) and
chapter 18 (Dutch).
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Introduction
A hypocoagulable state is highly prevalent in critically ill patients. An International
Normalized Ratio (INR) of >1.5 occurs in 30% of patients, associated with increased
mortality [1]. Also, of critically ill patients, up to 40% develops thrombocytopenia
during their intensive care unit (ICU) stay [2-4], associated with increased length of
stay, need for transfusion of blood products and increased mortality [5]. A hypercoagulable state is also associated with adverse outcome, as well as with increased
thrombo-embolic events [6]. Disseminated intravascular coagulation (DIC) develops
in 10 to 20% of ICU patients. A hypercoagulable state contributes to organ failure
and is associated with a high mortality, ranging from 45% to 78% [7].
Coagulopathy is thought to result from an imbalance between activation of coagulation and impaired inhibition of coagulation and fibrinolysis. Activation is triggered
by tissue factor, which is expressed in reaction to cytokines or endothelial damage.
Impaired inhibition of coagulation is the consequence of reduced plasma levels of
antithrombin (AT), depressed activity of the protein C system and decreased levels
of tissue factor pathway inhibitor (TFPI). A decrease in the fibrinolytic system is due
to increased levels of plasminogen activator inhibitor type 1 (PAI-1) [8,9]. This disturbance between components of the coagulation system leads to a variable clinical
picture, ranging from patients with an increased bleeding tendency (hypocoagulable
state) to those with DIC with (micro-) vascular thrombosis (hypercoagulable state).
Assessment of coagulation status in patients is complex. Global coagulation tests,
including activated partial thromboplastin time (aPTT) and prothrombin time (PT),
are used clinically. However, these tests are of limited value and their ability to accurately reflect in vivo hypocoagulable state is questioned [10]. Also, aPTT/PT reflects a
part of the coagulation system and does not provide information on the full balance
between coagulation, anti-coagulation and fibrinolysis. Hypercoagulable state can
be assessed by increased levels of d-dimers, but specificity is limited [10]. Impaired
function of the anticoagulant system can be diagnosed by measuring plasma levels
of naturally occurring anticoagulant factors AT, protein C and TFPI. However, these
are not readily available for clinical use. Apart from the DIC score, there are no diagnostic tests which evaluate a hypercoagulable state. Also, markers of the activity of
the fibrinolytic system are not used at the bedside [10].
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TEG/ROTEM tests
Rotational thromboelastography (TEG/ROTEM) is a point of care test, which evaluates whole clot formation and degradation. The thromboelastogram arises through
movement of the cup (TEG) or the pin (ROTEM). As fibrin forms between the cup
and the pin, this movement is influenced and converted to a specific trace. The trace
reflects different phases of the clotting process. Major parameters are R (reaction/
clotting) time, the period from the initiation of the test until the beginning of clot
formation. K-time is the period from the start of the clot formation until the curve
reaches an amplitude of 20 mm. Kinetics of fibrin formation and cross-linking is
expressed by the α-angle, which is the angle between the baseline and the tangent
to the TEG/ROTEM curve. Clot strength is represented by the maximal amplitude
(MA) of the trace. The degree of fibrinolysis is reflected by the difference between
the maximal amplitude and the amplitude measured after 30 and/or 60 minutes.
To describe these visco-elastic changes, both systems have their own terminology (table 1). Both generate similar data. The technique is developed in the 1940s,
but until recent, clinical application has been limited. However, technical developments have led to standardization and improved reproducibility of the method [11].
Also, the availability for bedside evaluation and a changing view regarding the use
of blood and haemostatic therapy in massive bleeding, have both contributed to a
renewed interest in this technique.
Table 1: TEG and ROTEM parameters
Time to initial fibrin formation
Clot strengthening, rapidity of fibrin build up
Clot strength, represents maximum dynamics of fibrin
and platelet bonding
Clot breakdown,
fibrinolysis at fixed time (min)

ROTEM
CT
CFT
a
MCF

TEG
R
K
a
MA

LI30, LI45,
LI60

CL30, CL60

TEG/ROTEM may also facilitate diagnosis of clotting abnormalities in the critically ill.
Detecting a hypocoagulable state, TEG/ROTEM may be a useful tool in the assessment of the risk of bleeding peri-operatively or prior to an invasive procedure. This
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could lead to a more tailored transfusion strategy, with an efficient use of blood
products.
Also, TEG/ROTEM may diagnose a hypercoagulable state. With TEG/ROTEM, a hypercoagulable state can be detected by high maximal amplitude (MA), shortened reaction time, increased alfa angle and total cloth strength G (defined as (5000xMA)/
(100-MA), table 2). Assessment of a hypercoagulable state could lead to prognostication of multiple organ failure (MOF) and risk for thrombo-embolic events. Also,
another potential advantage could be a more tailor made administration of therapies that interfere with the coagulation system. Difficulties in identifying responders
from non-responders may in part have contributed to conflicting results from trials
evaluating the effect of strategies that interfere with the coagulation system [12-15].
Table 2: Changes in hypercoagulable state and hypocoagulable state of ROTEM and TEG
parameters
Parameters
Reaction time, R or CT
Clot formation time, K or CFT
Alpha angle, Angle or α
Maximum amplitude, MA or MCF

Hypercoagulable state
Shortened
Shortened
Increased
Increased

Hypocoagulable state
Prolonged
Prolonged
Decreased
Decreased

Utility of TEG/ROTEM to detect sepsis-induced coagulopathy
ROTEM clearly demonstrates a hypercoagulable state during endotoxemia [16]. In
vitro, endotoxin-induced hypercoagulability was demonstrated with TEG. In experiments where LPS was infused in healthy volunteers, a hypercoagulable state measured by TEG had a strong correlation with plasma levels of prothrombin fragments
F1+2 [17,18]. In sepsis patients however, TEG/ROTEM measurements have shown differential results. Several studies observed no changes in parameters [19-22], other
studies reported a hypercoagulable [23] or hypocoagulable state [24]. A few studies also reported patients showing both a hyper- and hypocoagulable state [25-28].
Taken together, results are heterogeneous. Also, there is a lack of clarity on interpretation of the test results.
To date, no studies have compared conventional coagulation tests such as PT/aPTT
to TEG/ROTEM in sepsis patients. However, the utility of thromboelastography to
detect DIC has been evaluated. It seems that thromboelastography can predict
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DIC. Patients with DIC present with hypocoagulable state [26]. This may be due to
a decrease in coagulation factors used for formation of micro thrombi. In line with
this, sepsis patients who met the ISTH DIC criteria showed a hypocoagulable state
when compared to healthy controls, while patients without DIC showed a non-significant trend towards hypercoagulation [25]. Also, patients with an underlying disease
known to be associated with DIC and ISTH DIC scores ≥5 had significantly prolonged
reaction and K times and decreased alpha-angle and MA (signs of a hypocoagulable state) compared to patients with low ISTH DIC scores. The authors developed
a score, defined as the total number of parameters (R, K, MA, and alpha) that were
deranged in the direction of a hypocoagulable state. With this score, the discriminatory value of thromboelastometry to detect DIC improved [29]. Impaired fibrinolysis
in sepsis may contribute to a hypercoagulable state. Inhibition of the fibrinolytic
system was found to discriminate sepsis from postoperative controls [19,28,30].
In terms of prognostication, a hypercoagulable state was not found to be a predictor of outcome. In contrast, the finding of a hypocoagulable state was repeatedly
shown to be associated with a poor outcome. The TEG MA value is an independent
predictor for 28-day mortality on admission [27]. Hospital mortality was predicted
by a hypocoagulable state due to a deficit in thrombin generation [30]. A hypocoagulable state measured with TEG is found to be associated with a pro-inflammatory response [19,24]. Also, the degree of a hypocoagulable state is associated with
severity of organ failure in sepsis [19,22].
Taken together, results are heterogeneous. Timing of measurements may be relevant to these observations, as a hypocoagulable state may be more outspoken in
the acute phase of sepsis and return to normal values towards discharge of ICU, or
even to enhanced clot formation.
Use of TEG/ROTEM to guide anticoagulant treatment in sepsis patients
In sepsis, activation of coagulation is a crucial step in the pathophysiological cascade
of sepsis, with concomitant low levels of circulating natural anticoagulants [8,9].
From this perspective, various treatment modalities that interfere with the coagulation system have been studied (e.g. rhAPC, AT and heparin) [12-15]. However,
efficacy has been questioned. It can be hypothesized that TEG/ROTEM may help to
identify patients likely to respond to therapies that target coagulopathy. To date,
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there are no studies which have addressed this question. Only a few small patient
series evaluated TEG/ROTEM measurement during anticoagulant medication.
ROTEM parameters did not change during anticoagulant medication. Also, treatment with antithrombin did not induce changes in the ROTEM measurements [23].
Use of TEG/ROTEM in patients with induced hypothermia
Induced hypothermia is a common therapy in survivors of a cardiac arrest [31-33].
However, hypothermia is associated with coagulopathy, prolongation of aPTT and
PT [33,34] and an increased risk of bleeding [35]. A test that reliably detects hypothermia induced coagulopathy would be helpful in identifying patients who have
an increased bleeding risk while being cooled and sedated. Unfortunately, little is
known about the value of TEG/ROTEM in these patients.
Spiel et al. observed that ROTEM measurements showed a prolonged CT at 1 hour
after infusion of 4°C cold crystalloid solution. All other parameters remained within
reference values. An important limitation of this study is that all measurements
were performed at 37°C [33]. TEG parameters were evaluated also in patients after
cardiac arrest. On the contrary, the TEG was performed at isothermal conditions and
a hypocoagulable state was detected by TEG [36].
Use of TEG/ROTEM in patients with brain injury
After severe traumatic brain injury and neurosurgery, up to 45% of patients develop
a coagulopathy [37-39]. Given the serious consequences of intracranial bleeding,
instant assessment of coagulation status is desirable. Two small trials have studied the value of TEG to detect coagulopathy in these patients, which mostly found
test results within reference values. However, the functional response of platelets
as measured in a platelet mapping™ (TEG-PM) assay, was significantly lower in
brain injury patients than in control groups, with a particular low response in those
patients who developed bleeding complications [40]. Furthermore, a hypocoagulable state on admission to the ICU is associated with worse outcome in patients with
traumatic brain injury and intracranial bleeding [41].
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Utility of TEG/ROTEM to detect a hypercoagulable state and prognosticate organ
failure in trauma patients
Patients who survive the acute phase of trauma are prone to develop a hypercoagulable state with increased risk for thrombo-embolic events and DIC [1]. Conventional coagulation tests are not able to detect such a hypercoagulable state. Also,
there is debate as to whether the syndrome DIC is applicable to coagulation abnormalities in trauma. With TEG/ROTEM, a hypercoagulable state can be detected by
high maximal amplitude (MA) and shortened reaction time (table 1). Several reports
demonstrate a hypercoagulable state in severely injured patients with TEG/ROTEM.
In trauma and burn patients admitted to the ICU, TEG was found to be more sensitive in detecting a hypercoagulable state than conventional clotting assays [42,43].
A high MA was found to be an independent contributor of mortality in multiple
logistic regression analysis [42]. A hypercoagulable state measured by TEG predicted
the development of thrombo-embolic events in trauma patients [44] although not
all studies have confirmed this finding [45]. It should be noted that the finding of a
hypercoagulable state is not specific for venous thrombo embolism.
A study on the use of ROTEM to prognosticate the occurrence of multiple organ
failure in a cohort of trauma patients is currently underway.

Considerations
In several non-bleeding critically ill patient populations, evidence supporting the use
of TEG/ROTEM to diagnose a hypocoagulable or hypercoagulable state is limited
at this stage, mostly because of heterogeneity of the included studies in design,
use of control groups and chosen endpoints. Heterogeneity of results can also be
caused by differences in disease severity, as changes were more outspoken during
severe illness. Timing of TEG/ROTEM measurements may greatly influence results,
as coagulopathy is a dynamic process, e.g. evolving from subtle activation of coagulation to overt DIC in sepsis and from a hypocoagulable to a hypercoagulable state
in trauma. Performing sequential measurements will probably provide better insight
in the development of coagulation derangements.
Another important issue is that no uniform definitions exist of a hypocoagulable and
a hypercoagulable state. Reference values for non-bleeding patients with disorders
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of coagulation are not widely assessed and cut off values are often not defined in
studies. To compare patient categories and possibly investigate therapeutic interventions in the coagulation system, validated universal reference values and definitions are essential. A study on TEG reference intervals has been recently completed
(NCT01357928). Presumably, as patients groups are relatively small, evaluation of
larger patient groups may yield more clear results.

Conclusion
TEG/ROTEM can detect coagulopathy in the critically ill. Whether these tests are
useful as diagnostic tools remains to be investigated when reference values and
clear definitions have been established.
TEG/ROTEM may be useful for prognostication of outcome. A hypocoagulable status
seems to be an independent predictor for organ failure and mortality in sepsis, also
after correction for disease severity. In patients with brain injury, a hypocoagulable
state on admission to the ICU is also associated with worse outcome. In patients
who survive the acute phase of trauma, a hypercoagulable state as detected by
TEG/ROTEM is a common finding. These tests could be helpful in identifying those
patients at risk for thrombo-embolic complications, as a hypercoagulable state predicted the development of thrombo-embolic events in the majority of studies. Further research on this topic is forthcoming.
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Abstract
Introduction: Coagulation abnormalities are frequent in sepsis. Conventional coagulation assays, however, have several limitations. A surge of interest exists in the use
of point-of-care tests to diagnose hypo- and hypercoagulability in sepsis.
We performed a systematic review of available literature to establish the value
of rotational thromboelastography (TEG) and thromboelastometry (ROTEM) compared with standard coagulation tests to detect hyper- or hypocoagulability in sepsis patients. Furthermore, we assessed the value of TEG/ROTEM to identify sepsis
patients likely to benefit from therapies that interfere with the coagulation system.
Methods: MEDLINE, EMBASE, and the Cochrane Library were searched from 1 January 1980 to 31 December 2012. The search was limited to adults, and language
was limited to English. Reference lists of retrieved articles were hand-searched
for additional studies. Ongoing trials were searched on www.controlled-trials.com
and www.clinicaltrials.gov. Studies addressing TEG/ROTEM measurements in adult
patients with sepsis admitted to the ICU were considered eligible.
Results: Of 680 screened articles, 18 studies were included, of which two were randomized controlled trials, and 16 were observational cohort studies. In patients with
sepsis, results show both hyper- and hypocoagulability, as well as TEG/ROTEM values
which fell within reference values. Both hyper- and hypocoagulability were to some
extent associated with diffuse intravascular coagulation. Compared to conventional
coagulation tests, TEG/ROTEM can detect impaired fibrinolysis, which can possibly
help to discriminate between sepsis and systemic inflammatory response syndrome
(SIRS). A hypocoagulable profile is associated with increased mortality. The value of
TEG/ROTEM to identify patients with sepsis who could possibly benefit from therapies interfering with the coagulation system could not be assessed, because studies
addressing this topic were limited.
Conclusion: TEG/ROTEM could be a promising tool in diagnosing alterations in coagulation in sepsis. Further research on the value of TEG/ROTEM in these patients is
warranted. Given that coagulopathy is a dynamic process, sequential measurements
are needed to understand the coagulation patterns in sepsis as can be detected by
TEG/ROTEM.

42

Thromboelastography and/or thromboelastometry in sepsis

Introduction
Coagulopathy is highly prevalent in sepsis patients and is associated with increased
mortality [1]. Coagulopathy results from an imbalance between activation of coagulation and impaired inhibition of coagulation and fibrinolysis. The disturbance
between components of the coagulation system leads to a variable clinical picture,
ranging from an increased bleeding tendency due to consumption of coagulation
factors and platelets, to hypercoagulopathy with disseminated intravascular coagulation (DIC) and (micro-) vascular thrombosis.
Assessment of coagulation status in these patients is complex. Global coagulation
tests activating partial thromboplastin time (aPTT) and prothrombin time (PT) are
used clinically. However, their ability to reflect in vivo hypocoagulability accurately
is questioned [2]. Also, aPTT and PT only reflect a part of the coagulation system and
do not provide information on the full balance between coagulation and anticoagulation. Activation of coagulation can be assessed by thrombin generation, but this
test is not widely available. Impaired function of the anticoagulant system can be
diagnosed by measuring plasma levels of naturally occurring anticoagulant factors
antithrombin (AT), protein C, protein S and tissue factor pathway inhibitor (TFPI).
However, these are not readily available for clinical use. The same applies to markers
of the activity of the fibrinolytic system [2]. Although activation of the fibrinolytic
system can be detected by increased levels of D-dimers and other fibrin degradation
products, specificity is limited [2].
Rotational thromboelastography (TEG) and thromboelastometry (ROTEM) are pointof-care tests, which evaluate whole clot formation and dissolution. The thromboelastogram arises through movement of the cup (TEG) or the pin (ROTEM). As fibrin
forms between the cup and the pin, this movement is influenced and converted
to a trace reflecting different phases of the clotting process. Major parameters are
reaction time (R) or clotting time (CT), which is the period from the initiation of the
test until the beginning of clot formation (figure 1). K time or clot formation time
(CFT) is the period from the start of the clot formation until the curve reaches an
amplitude of 20 mm. Kinetics of fibrin formation and cross-linking are expressed by
the α-angle, which is the angle between the baseline and the tangent to the TEG/
ROTEM curve amplitude. Clot strength is represented by the maximal amplitude of
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Figure 1: ROTEM trace with major parameters

Reference: www.rotem.de
Table 1: Parameters displayed on TEG and ROTEM
Time to initial fibrin formation
(to 2-mm amplitude)
Clot strengthening, rapidity of fibrin build up
Clot strength, represents maximum dynamics of fibrin and
platelet bonding
Clot breakdown, fibrinolysis at fixed time

TEG
R

ROTEM
CT

K
a
MA

CFT
a
MCF

CL30, CL60

LI30, LI45,
LI60

Reference: www.rotem.de and www.haemoscope.com

the trace. The degree of fibrinolysis is reflected by the difference between the maximal amplitude and the amplitude measured after 30 and/or 60 minutes (figure 1).
To describe these viscoelastic changes, both systems have their own terminology
(table 1).
The technique was developed in the 1940s, but clinical application has been limited.
However, technical developments have led to standardization and improved reproducibility of the method [3,4]. TEG/ROTEM may facilitate diagnosis of clotting abnormalities in sepsis, including hypercoagulable states such as DIC. Other potential
advantages could be a more tailor-made administration of therapies that interfere
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with the coagulation system [5-8]. These tests may also improve prognostication of
sepsis [9,10].
The main research questions for this systemic review were as follows. Can TEG/
ROTEM detect sepsis-induced coagulopathy? Is TEG/ROTEM of additional value
compared with standard coagulation tests to detect hyper- or hypocoagulability in
sepsis patients? Can TEG/ROTEM help to identify sepsis patients likely to benefit
from therapies that interfere with the coagulation system (for example, activated
protein C, antithrombin, heparin)? We defined our population as critically ill adults
with sepsis and TEG/ROTEM as the intervention. Standard coagulation tests including aPTT, PT, INR and ISTH DIC score, functioned as comparisons. Outcomes of interest were the detection of a hyper- or hypocoagulable state in these patients and the
identification of patients likely to benefit from therapies affecting the coagulation
system.

Materials and methods
Data sources
An electronic search was conducted in MEDLINE, EMBASE, and the Cochrane Library.
In addition, we searched for ongoing trials on www.controlled-trials.com and www.
clinicaltrials.gov. We hand-searched the reference lists of retrieved papers, reviews
and editorials for additional studies. Language was limited to papers written in English and published from 1 January 1980 to 31 December 2012. We did not register
our protocol.
Study selection
Two authors (MCM and NPJ) performed the literature search and selected the
relevant articles for inclusion. Differences were resolved in consensus meetings.
Predefined eligibility criteria were used. Studies were included if TEG/ROTEM measurements were performed in adult patients with sepsis admitted to the ICU. Randomized controlled trials, prospective and retrospective cohorts, and case series
were all eligible for inclusion. Reviews, correspondences, case reports, expert opinions and editorials were excluded. We also excluded all studies conducted outside
the ICU or that involved subjects younger than 18 years.
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Data collection process
Two of the authors (MCM and NPJ) independently extracted the data using a predefined extraction sheet. Discrepancies were resolved in a consensus meeting. If
agreement could not be reached a third author was consulted (MBV) to resolve
disagreement. The extracted data were general methodological characteristics, setting, characteristics of the study population, used test (ROTEM or TEG), timing of
thromboelastography, possible comparison of thromboelastography results with a
reference test, administration of therapies interfering with the coagulation system,
and main outcomes. Furthermore, possible limitations of each study were listed. No
assumptions or simplifications were made.
Assessment of methodological quality
We used the QUADAS-2 checklist to assess quality of diagnostic studies [11,12].
Studies were assessed for the risk of bias in patient selection, conduction and
interpretation of TEG/ROTEM, use and interpretation of a reference standard, and
patient flow. For all research questions, methodological aspects, including the use
of a comparison of TEG/ROTEM measurement, the individual studies were assessed.
Furthermore, studies were judged with respect to patient population and selection
(use of definition of sepsis). Details on how TEG/ROTEM and reference tests were
conducted and interpreted (for example, timing of the tests, blinded interpretation) were assessed. Subsequently, quality of evidence was judged and described in
accordance with the GRADE approach (high, moderate, low and very low). Rating of
quality of evidence was based on trial design (for example, randomized clinical trial
or not), risk of bias and imprecision (for example, patient selection and patient flow,
method of conduct and interpretation of TEG/ROTEM and reference test results).
We verified whether results of the retrieved trials and abstracts have been published.
Definitions
Hypocoagulability can be defined as prolonged CT/R and CFT/K times and/or
decreased MCF/MA and alpha angle [4]. Conversely, a hypercoagulable state can
be detected by shortened reaction times (CT/R and/or CFT/K) and enhanced clot
formation, expressed as increased alpha and/or high maximal amplitude (MCF/MA).
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However, no universal definitions of hypo- and hypercoagulability assessed by TEG/
ROTEM exist.

Results
Study selection
Of 680 screened articles, we included 18 studies (table 2). An overview of the search
is presented in figure 2. Twenty-six studies were excluded, because of inappropriate
patient population (N=21 [13-33]), no report of TEG/ROTEM data (N=6 [31,32,3437]) and one conference poster [38].
Study characteristics
We included two randomized controlled trials [39,40] and 16 observational studies
[9,10,41-54]. Of the observational studies, 14 were prospective and one abstract
[45] and one article [42] did not state whether the study was prospective or retrospective. Of the included studies, 11 [9,10,41,43,44,48-51,53,54] used the sepsis and SIRS criteria defined by the Society of Critical Care Medicine Consensus
Conference [55]. Seven studies used TEG [10,39,40,42,49,51,53] and 11 used ROTEM
[9,41,43-48,50,52,54].
Risk of bias
The risk of bias within studies is summarized in table 3. Quality assessment revealed
that risk of bias of patient selection was low. However, included studies were heterogeneous regarding conduction and interpretation of TEG/ROTEM, and no studies
reported whether results of TEG/ROTEM were interpreted with or without knowledge of the used reference test, which leaves the possibility for interpretation bias.
However, applicability concerns of the chosen reference tests are low.
In addition to individual sources of bias related to design and methodology, we identified the lack of information about the conduct and interpretation of TEG/ROTEM
test and results as the most important source of bias across all studies (table 3). We
verified whether abstracts and trial results had been published. None had been published at December 31, 2012. Construction of a funnel plot was not feasible because
of characteristics of retrieved studies.
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Population,
(N)
Severe sepsis
(N=33)

Severe sepsis ROTEM
(N=49), postoperative SIRS
(N=27)

Severe sepsis (N=28),
healthy controls (N=8)

Prospective
observational

Prospective
observational

ROTEM

ROTEM

Schmittinger,
2009
(abstract)
[46]
Sivula,
2009 [41]

Sepsis (N=30)

Prospective
cohort

ROTEM

Daudel,
2009 [44]

Severe sepsis
(N=15)

Sepsis (N=38), ROTEM
healthy controls (N=32)

TEG

ROTEM
or TEG
TEG

Prospective
observational

Prospective
observational

Subanalysis of
randomized
controlled trial
Randomized
Severe sepsis
controlled trial and septic
shock (N=16)

Type of study

Chiari,
2009
(abstract)
[47]

Raineri,
2009
(abstract)
[39]
Collins,
2006 [43]

Author,
year
Gonano,
2006 [40]

Table 2: Studies assessing TEG/ROTEM in sepsis

Day 1

aPTT, AT,
D-dimer,
fibrinogen

Only sepsis patients with DIC were hypocoagulable
compared to healthy controls. CFT, alpha and MCF
discriminated well between DIC and non- DIC.
Decreased fibrinolysis in all sepsis patients versus
controls.

Timing of
Comparison Main ROTEM/TEG findings
measurement
At diagnosis
PT, aPTT, AT All patients were hypercoagulable (shortened R
and daily
and CT, increased alpha and MA). Antithrombin
thereafter.
treatment did not affect TEG values.
Daily for 2
PAI-1
In patients without tight glycemic control (TGC),
weeks and day
fibrinolysis was decreased (increased lysis index
17, 20, 23, 28
and increased PAI-1), compared to sepsis patients
not treated with TGC.
Not stated
PT, aPTT
In sepsis there was delayed activation of hemostafibrinogen, sis, once activated clot formation was exaggerated
factor levels (increased MCF, alpha angle, area under clot firmness curve).
st
Before and 1
aPTT, PT
Only CT significantly increased with activated proday of treattein C treatment.
ment with
activated protein C
0-48 hours
INR, aPTT,
All parameters within reference values. Patients
after diagnosis fibrinogen, with SOFA >10 had increased coagulation (reduced
and at disindividual
MCF and alpha and increased CFT).
charge
factors
Day 1, 4, 7
None
All parameters within reference values. Mortality
after admis58.3% in patients with signs of hypocoagulation vs.
sion
9.1% in those with signs of hypercoagulability.
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Prospective
observational

Prospective
observational

Prospective
observational

Prospective
observational

Altmann,
2010 [48]

Durila,
2010 [49]

Adamzik,
2011 [9]

Cortegiani,
2011
(abstract)
[51]
Brenner,
2012 [54]

Prospective
observational

Prospective
observational

Type of study

Author,
year
Adamzik,
2010 [50]

Severe sepsis TEG
(N=31), post
operative
(N=31)
Septic shock ROTEM
(N=30),
major surgery (N=30),
healthy volunteers (N=30)

Sepsis (N=98) ROTEM

Septic shock ROTEM
(N=16), severe
sepsis (N=7),
SIRS (N=10)
Severe sepsis TEG
(N=44)

Population,
ROTEM
(N)
or TEG
Sepsis (N=56), ROTEM
postoperative controls
(N=52)

None

INR, aPTT,
fibrinogen,
AT
INR

None

Procalcitonin, IL-6,
CRP

In sepsis patients majority of ROTEM analysis
within reference values, however sepsis patients
with DIC showed more hypocoagulable traces
compared to those without DIC were more hypercoagulable. Compared to surgical and healthy controls fibrinolysis was impaired in sepsis patients.

39% of sepsis patients had normal CFT, MCF and
alpha angle, values in 61% with pathological variable showed broad distribution. Hypocoagulable
profile associated with increased mortality (OR
4.1; 95%CI 1.4-11.9).
Sepsis patients had lower alpha angle, other TEG
parameters did not differ.

All parameters within reference values.

Increased lysis index in sepsis compared to
postoperative controls (97±0.3% vs. 92±0.5%,
p<0.001). CFT, alpha and MCF did not differ
between groups. Lysis index had best accuracy for
diagnosis sepsis.
All parameters within reference values.

Comparison Main ROTEM/TEG findings

Sepsis: at diag- Prothromnosis, 24h, 4,
bin index,
7, 14, 28 days factor
levels, IL-6,
TNF-alpha.

Within 12
hours of diagnosis

Within 24
hours of diagnosis

Not stated

0, 12, 24, 48 h
after inclusion

Timing of
measurement
Within 24
hours of sepsis
diagnosis
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Sepsis (N=15), TEG
trauma
(N=14), surgery (N=21),
healthy control (N=23)
Sepsis (N=21), ROTEM
no sepsis
(N=23)

Not stated

Not stated

Viljoen,
1995 [42]

Umgelter,
2009
(abstract)
[45]

TEG

ROTEM

ROTEM
or TEG
TEG

Severe sepsis
(N=13) and
septic shock
(N=37)

Prospective
cohort

Massion,
2012 [52]

Population,
(N)
Post surgical
oesophagectomy (N=38),
of these 9
developed
sepsis.
Septic shock
(N=39)

Ostrowski, Prospective
2012 [10]
observational

Prospective
observational

Type of study

Author,
year
Durila,
2012 [53]

Not stated

Daily

Day 1-4

Admission to
day 7

Timing of
measurement
Morning of
surgery and
daily day 1-6
post operative

Fibrinolysis was decreased (increased lysis
indexes), associated with hypocoagulation in conventional coagulation tests (decreased protein C
and AT). Other parameters within reference values
(CT, MCF and alpha). Non-survivors were more
hypocoagulable, but ROTEM values were not independently associated with mortality.
According to cloth strength (MA) 48% of sepsis
patients was normocoagulable, 22% hypocoagulable and 30% hypercoagulable. 50% of patients
with hypocoagulable profile had overt DIC, versus
none of those with a hypercoagulable profile.
Hypocoagulable profile predicts 28-day mortality
if corrected for SOFA, but not if corrected for SAPS
II score.
Sepsis patients were hypocoagulable compared to
surgery and controls. Sepsis patients had higher
elastase-alphasub1 proteinase inhibitor levels
compared to controls, without a correlation with
TEG parameters.

On 6th postoperative day sepsis patients had
higher lysis index compared to SIRS patients. Overall TEG not helpful in discriminating sepsis from
SIRS.

ThromROTEM did not discriminate between septic and
bin time,
non-septic cirrhotic patients.
D-dimer, AT

Plasma
elastasealphasub
1 PI

ISTH DIC
score,
INR, aPTT,
D-dimer,
fibrinogen,
CRP

aPTT, PT,
Thrombin
generation, factor
levels, AT,
protein C

aPTT, INR,
CRP, lactate,
IL-6, procalcitonin, AT,
D-dimer

Comparison Main ROTEM/TEG findings
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Iden!fica!on

Figure 2: PRISMA flow diagram

Addi!onal records
iden!fied through other sources
N=13

Records iden!fied through database
screenings N=1080
Medline N=454
Embase N=485
Cochrane library N=141

Screening

Records a"er duplicates
removed
N=680

Records !tles screened
N=680

Eligibility

Excluded a"er !tle review
N=461
Abstracts screened for eligibility
N=219

Included

Full-text ar!cles assessed for
eligibility
N=44

Studies included in qualita!ve
synthesis
N=18

Excluded a"er review of
abstracts
N=175

Excluded a"er review of full-text
ar!cle N=26
Reasons for exclusion:
– Pa!ent popula!on N=21
– No ROTEM/TEG performed N=6
– Conference report of later
published article N=1
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Table 3: Summary of risk of bias and applicability concerns for included studies
STUDY

Gonano et al.
[40]
Raineri et al.
[39]
Collins et al.
[43]
Chiari et al.
[47]
Daudel et al.
[44]
Schmittinger et
al. [46]
Sivula et al.
[41]
Adamzik et al.
[50]
Altmann et al.
[48]
Durila et al.
[49]
Adamzik et al.
[9]
Cortegiani et al.
[51]
Brenner et al.
[54]
Durila et al.
[53]
Massion et al.
[52]
Ostrowski et al.
[10]
Viljoen et al.
[42]
Umgelter et al.
[45]

Risk of bias
Patient
Conduction Use and
interpreselection and interpretation of tation of
TEG/ROTEM reference
standard
?
-

Applicability concerns
Patient Patient Reference
flow
selecstandard
tion

?

-

-

?

?

-

-

-

-

?

?

-

?

-

-

-

?

-

?

-

-

-

-

-

?

-

-

-

-

NA

-

-

NA

-

?

?

?

-

-

-

?

?

-

-

-

-

?

NA

NA

-

NA

-

+

-

-

-

-

-

-

-

+

-

-

?

?

NA

-

-

NA

-

-

-

-

-

-

-

?

?

+

-

-

-

?

-

-

-

-

-

-

-

+

-

-

+

?

?

?

+

+

+

+

NA

?

+

NA

-, low risk; +, high risk; ?, unclear risk; NA, not applicable
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Synthesis of results
Studies varied widely in the way they were conducted. Main differences were timing of TEG/ROTEM measurements, number of measurements, use of preset reference values or control group to assess derangements in TEG/ROTEM measurements
in sepsis, and variable use of different comparison tests. Because of this clinically
relevant heterogeneity, we carried out a narrative synthesis of the results of the
included studies.
Ability of TEG/ROTEM to detect sepsis-induced coagulopathy
In five studies, all TEG/ROTEM measurements in sepsis were within reference values [44,46,48,49,54]. These studies included a total of 176 sepsis and severe sepsis patients. In seven studies, TEG/ROTEM revealed pathological changes ranging
from distinct hypercoagulability [40], to predominantly hypocoagulable profiles
[42,51]. Four prospective observational studies, together including 214 patients,
reported heterogeneous results with patients showing hyper- and hypocoagulability [9,10,41,43]. Impaired fibrinolysis in sepsis patients was demonstrated in five different observational studies with a total of 162 patients [41,50,52-54]. Two of these
studies reported increased lysis indices as the only abnormal ROTEM parameter in 30
and 39 patients with septic shock [52,54]. In a small cohort of 16 patients with severe
sepsis; patients were randomized to tight glycemic control or conventional glucose
levels; strict regulation of glucose levels resulted in enhancement of fibrinolysis, as
measured by lysis index with ROTEM [39]. Overall, if sepsis-induced coagulopathy
was detected, the proportion of sepsis patients with sepsis-induced coagulopathy
that was detected by TEG/ROTEM ranged from 43% to 100% [9,10,40,41].
Altogether, in the majority of studies, TEG/ROTEM was able to detect sepsis-induced
coagulopathy. However, changes in parameters were heterogeneous and study
designs varied widely, with a lack of clarity on interpretation of test results. Based
on the above, the quality of evidence supporting the use of TEG/ROTEM to detect
sepsis-induced coagulopathy is considered low.
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Additional value of TEG/ROTEM in sepsis compared with standard coagulation
tests
Studies designed to compare conventional coagulation tests directly with TEG/
ROTEM for the detection of sepsis-induced coagulopathy were not retrieved.
However, two studies assessed the value of thromboelastography in the detection
of DIC. A prospective pilot study in 28 sepsis patients showed that CFT, MCF and
alpha angle discriminated moderately between overt DIC and no DIC. ROC values
were 0.815 (CI 0.624 to 0.935) for CFT, 0.891 (CI 0.715 to 0.975) for MCF and 0.828
(CI 0.639 to 0.943) for alpha angle. Combination of CFT, MCF and alpha resulted in a
sensitivity of 100% and a specificity of 75%, with a positive likelihood ratio of 4.0 and
negative likelihood ratio of 0.0 for the diagnosis of DIC [41].
A recent study showed that ROTEM values were within reference values. However,
patients with overt DIC had prolonged CFT and reduced MCF compared with those
without DIC. ROC curves for MCF in EXTEM (0.806; sensitivity 79%, specificity 75%)
and MCF in INTEM (0.853, sensitivity 86% and specificity 81%) achieved fairly good
results [54].
Interestingly, TEG/ROTEM failed to detect coagulopathy in two observational studies, whereas conventional coagulation assays were outside normal ranges [44,49]. In
44 sepsis patients, mean INR, D-dimer and fibrinogen levels were increased, whereas
mean TEG values were not [49]. A study of 30 sepsis patients revealed similar results,
with decreased levels of individual factor levels and increased aPTT tests, whereas
ROTEM variables remained within reference values [44].
Some studies addressed the question whether TEG/ROTEM was superior in discriminating sepsis from non-sepsis patients compared with conventional biomarkers.
Indeed, two observational studies demonstrated that the lysis index derived from
thromboelastometry could be helpful to discriminate between sepsis and postoperative inflammatory response [50,54]. Decreased fibrinolytic activity, as reflected
by the lysis index, was found to discriminate sepsis from postoperative SIRS patients
(ROC-AUC 0.811, sensitivity 93%, specificity 50%), which was comparable to CRP
and procalcitonin [54]. In a larger cohort of 56 sepsis patients and 52 postoperative
controls, lysis index had even better diagnostic value than procalcitonin (ROC-AUC
0.901, sensitivity 84% and specificity 94%) [50]. In contrast, in cirrhosis patients and
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post-esophagectomy patients, thromboelastometry variables failed to discriminate
between sepsis and non-sepsis patients [45,53].
Ability of TEG/ROTEM to identify patients likely to benefit from anticoagulant
treatment in sepsis
We hypothesized that TEG/ROTEM may help to identify patients likely to respond to
therapies that target coagulopathy. However, we did not find any study addressing
this question. The only data on TEG/ROTEM and therapy interfering with coagulation consist of a few small patient series evaluating TEG/ROTEM measurements
during anticoagulant treatment. In an observational study of 15 patients treated
with rhAPC, ROTEM measurements did not change during treatment [47]. Gonano
[40] showed distinct hypercoagulability in 33 patients with severe sepsis, of whom
17 were treated with antithrombin. In these patients, hypercoagulability was not
reversed by the treatment.
Use of TEG/ROTEM in prognostication of outcome
Although initially not looked for, we extracted a limited number of studies that
addressed the value of TEG/ROTEM in predicting outcome in sepsis and decided
post hoc to add these data to the review. In a cohort of 98 sepsis patients using multivariate analysis, a hypocoagulable profile on admission was shown to be an independent risk factor for 30-day mortality (OR 4.1; 95%CI 1.4 to 11.9) [9]. However,
not all studies have unequivocally showed the prognostic value of hypocoagulability
with mortality after correcting for disease severity [10,52].
In 50 patients with severe sepsis, hypocoagulable TEG MA at admission was an
independent predictor for 28-day mortality in a multivariate model including SOFA
score (hazard ratio 4.29 (1.35 to 13.65), p=0.014), but not in a model using SAPS
II score (hazard ratio 2.32 (0.66 to 8.15), p=0.188) [10]. Of note, in a multivariate
model a hypocoagulable profile due to a persistent deficit in thrombin generation
was a strong predictor of hospital mortality (p=0.024) as was aPTT (p=0.007) [52].
The presence of hypercoagulability did not predict outcome.
Quality of evidence of studies addressing the value of TEG/ROTEM to predict mortality is considered of moderate quality. Of note, in these studies most patients had
thromboelastography values outside reference ranges.
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Discussion
This systematic review on studies performing TEG/ROTEM measurements in sepsis
patients shows that studies were heterogeneous in design, use of control groups,
timing of TEG/ROTEM measurements, and chosen endpoints. Internal validity of
most studies is limited. Although most studies included sepsis patients according
to the ACCM/SCCP definition, external validity is limited because of relatively small
patient groups in most studies. Furthermore, standardization of used tests is limited, and most studies had methodological flaws, which may have resulted in bias.
Thereby, the overall quality of evidence on the value of TEG/ROTEM in adults with
sepsis is considered low.
Results of TEG/ROTEM measurements in sepsis vary widely across studies and show
both hypo- and hypercoagulability [10,40-43,46,51]. This is consistent with the
pathophysiology of ‘consumption coagulopathy’ during DIC, in which microvascular
thrombi are formed at the expense of a bleeding tendency because of low levels of
platelets and coagulation factors [56]. Of note, heterogeneity of results can also be
caused by differences in disease severity, as changes were more obvious in severe
sepsis patients [40,41,46,51] than in sepsis patients. In addition, variation in the way
studies were conducted has probably contributed to differences in outcome.
Interestingly, the degree of hypocoagulation was found to be associated with severity of organ failure [44]. In a study comparing different patient populations, hypocoagulation measured with TEG was most apparent in sepsis patients and associated
with a pro-inflammatory response and organ failure [42]. Timing of measurements
may be relevant to these observations, as hypocoagulation was found to be more
obvious in the acute phase of sepsis and returned to normal values toward discharge
of ICU [44,51].
Included studies varied widely with regard to the detection of hypercoagulability,
ranging from 30% [10] to 100% [40], which may have resulted from variation in timing as well as in the definition of hypercoagulability. Of note, TEG/ROTEM clearly
demonstrated hypercoagulability in models of endotoxemia [57], with a strong correlation with plasma levels of prothrombin fragments F1+2 [58,59].
In addition to hypo- and hypercoagulability, TEG/ROTEM can detect impairment in
fibrinolysis, expressed as increased lysis indices. Hypofibrinolysis has been demon-
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strated in several studies in sepsis patients [41,50,52-54], but the clinical relevance
of this finding must be determined. Of note, increased lysis indices were shown to
be helpful in discriminating sepsis and SIRS patients [50,53,54].
TEG/ROTEM has shown to be promising in diagnosing DIC, and in particular, the
combination of various parameters (reaction times, maximum amplitude and alpha
angle) improves diagnostic value [41,54]. A score to detect DIC with the use of thromboelastometry has been developed, including prolonged reaction and K times and
decreased alpha angle and maximum amplitude. This score was validated in patients
with an underlying disease known to be associated with DIC and with an ISTH DIC
[60] score of more than 5. However, to date, this score has not been validated in
critically ill patients with sepsis, and included studies in this review consisted of
relatively small patient groups. Therefore to date, quality of evidence supporting
the use of TEG/ROTEM to diagnose DIC is low, and further research is necessary.
Several factors in the way TEG/ROTEM measurements were conducted may have
affected the results of included studies. First, coagulopathy in sepsis is a dynamic
process, evolving from subtle activation of coagulation to overt DIC. Therefore timing may greatly influence TEG/ROTEM results. Performing sequential measurements
will probably provide better insight in the development of coagulation derangements. Timing and number of measurements in included studies varied widely.
Second, no uniform definitions exist of hypo- and hypercoagulability. Reference
values for patients with sepsis are not widely assessed and only one study determined cut-off values for a cohort of sepsis patients [9]. Some studies classified
patients as hypo- or hypercoagulable when measurements were outside preset
reference ranges [10,40,44,46]; others compared patients with healthy individuals [41,43,50,52,54]; and some compared mean or median values among or within
different patient groups [9,39,42,45-51,53,54]. To compare patient categories and
possibly investigate therapeutic interventions in the coagulation system, validated
universal reference values and definitions are essential. For ROTEM, a multicenter
investigation has been undertaken to assess reference values [4]. A study to verify
reference intervals of TEG reagents has been recently completed (NCT01357928),
and we hope that results will contribute to further standardization of TEG.
Third, the included studies differed in the types of reagents used, which may have
considerable effects on the results of the studies. Most studies using ROTEM used
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tissue factor, after recalcification of the citrated sample, to enhance coagulation
[41,43,44,48,52,54], although some also performed a non activated test (NATEM).
Of the studies using TEG only one study reported the use of kaolin activation [49];
the others only recalcified samples before testing. Of note, correlation between
non-kaolin-activated and kaolin-activated thromboelastography has shown to be
poor [61]. Furthermore, in some studies, a potential heparin effect was blocked by
the addition of heparinase [9,40,44,50,52,54], whereas others lacked information
on the use of heparinase [10,42].
In the current review, we included studies using ROTEM and studies using TEG. None
of the included studies studied both devices. Some studies that compared both
devices in other patient populations showed differences in test results between
ROTEM and TEG [62,63], although not all [64]. Therefore, comparisons of results of
studies using different devices should be made cautiously.
A hypocoagulable profile detected by TEG/ROTEM seems to be associated with
increased mortality among sepsis patients [9,10,46]. One could argue that a hypocoagulable profile merely reflects severity of disease. However, in the study of Adamzik
[9], hypocoagulable TEG/ROTEM remained an independent predictor of mortality
after correction for severity of disease. These findings are in line with results in a
larger cohort of general intensive care patients, in which a hypocoagulable profile at
admission was associated with an increased mortality [26]. This relation questions
the role of coagulation in inflammatory processes. We speculate that enhanced
coagulation during infection is functional, thereby preventing dissemination of bacteria. Thereby, hypocoagulability may facilitate enhanced spread of infection and
subsequently mortality [65]. The finding that hypocoagulability is associated with
organ failure and is an independent risk factor for mortality underlines the need for
further research. Currently, two observational prospective trials in sepsis patients
are conducted (NCT00994877 and NCT00299949) on the value of TEG/ROTEM to
diagnose DIC and to predict organ failure in sepsis. Results of these studies may help
to determine whether TEG/ROTEM can be used to select specific patient populations who are likely to benefit from therapies aimed at intervention in the coagulation cascade during sepsis.
Our review has limitations, which include the lack of a uniform definition of hypoand hypercoagulability assessed by ROTEM or TEG, different reference values, dif-
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ferences in control groups, and the heterogeneous study quality. Another limitation
is related to our search, in which we may have missed studies published in languages
other then English, as well as unpublished data. In addition, we might have missed
studies due to applied date restriction and limitation of our search to three databases.

Conclusion
A considerable proportion of sepsis patients have an altered coagulation status. An
abnormal TEG/ROTEM, in particular hypocoagulability, is prognostic for mortality
in the critically ill. Also, hypocoagulability as detected by TEG/ROTEM may aid in
diagnosing DIC and hypofibrinolysis. Despite heterogeneity and limited quality of
most included studies, application of TEG/ROTEM seems a promising tool in sepsis.
However, given that coagulopathy is a dynamic process, more insight in the kinetics
of the coagulation alterations, as diagnosed by TEG/ROTEM is needed before the
general use of TEG/ROTEM to detect hyper- or hypocoagulability and DIC can be
advocated.
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Abstract
Purpose: Data on the incidence of a hypercoagulable state in trauma, as measured
by ROTEM, are limited and the prognostic value of hypercoagulability after trauma
on outcome is unclear. We aimed to determine the incidence of hypercoagulability
after trauma and to assess whether occurrence of hypercoagulability has prognostic
value on the occurrence of multiple organ failure (MOF) and mortality.
Methods: Prospective observational cohort study in trauma patients who met highest trauma level team activation. Hypercoagulability was defined as a G value of ≥
11.7 dynes/cm2 and hypocoagulability as a G value of <5.0 dynes/cm2. ROTEM was
performed on admission and 24 hours later.
Results: 1010 patients were enrolled and 948 patients were analyzed. Median age
was 38 [IQR 26-53], 77% were male, median Injury Severity Score was 13 [IQR 8-25].
On admission, 7% of the patients were hypercoagulable and 8% were hypocoagulable. Altogether, 10% of patients showed hypercoagulability within the first 24
hours of trauma. Hypocoagulability, but not hypercoagulability, was associated with
higher SOFA scores, indicating more severe MOF. Mortality in patients with hypercoagulability was 0%, compared to 7% in normocoagulable and 24% in hypocoagulable patients (p<0.001). EXTEM CT, alpha and G were predictors for occurrence of
MOF and mortality.
Conclusion: The incidence of a hypercoagulable state after trauma is 10% up to
24 hours after admission, which is broadly comparable to the rate of hypocoagulability. Further work in larger studies should define the clinical consequences of
identifying hypercoagulability and a possible role for very early, targeted use of anticoagulants.
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Introduction
Major trauma is among the most common causes of death worldwide [1]. Whereas
uncontrolled bleeding accounts for 50-80% of mortality early following trauma
[2,3], multiple organ failure (MOF) is the most important cause of late mortality
after trauma [2,4]. Traumatic injury induces a hypocoagulable state, as a result of
acute traumatic coagulopathy (ATC) accompanied by loss, consumption and dilution of coagulation factors and fibrinolysis. Hypothermia, shock and acidosis further amplify the derangement of the coagulation system [5]. In addition to reduced
hemostatic potential, trauma can also induce a hypercoagulable state [6-8]. Animal
experiments have shown that hypercoagulability can arise within hours of the injury
[9], a phenomenon confirmed in humans [6,10]. However, uniform definitions of
hypercoagulability are lacking [11] and effects of this hypercoagulable state after
trauma are not fully elucidated, with studies showing conflicting results. An association with adverse events such as an increased risk of venous thrombo-embolism has
been reported [8,12,13]. However, early hypercoagulability has also been associated
with decreased early mortality, which may suggest that hypercoagulability is a functional response in order to reduce blood loss [10]. In addition to this endogenous
response, the paradigm of treatment of ATC has shifted, including earlier administration of larger amounts of fresh frozen plasma and other hemostatic agents. This was
shown to improve outcome [14], presumably by enhancing procoagulant abilities.
In sepsis, it has been demonstrated that hypercoagulability, characterized by the
formation of micro-thrombi with concurrent protein C deficiency and impaired
fibrinolysis, contributes to MOF and adverse outcome [15-17]. Although sepsis and
trauma are different entities, the accompanying coagulopathies show similarities
and persistent protein C deficiency after trauma is also associated with occurrence
of MOF [18,19]. Shock and hypoperfusion can induce activation of the endothelium and if the patient survives the initial bleeding episode, this can result in a procoagulant state. It is conceivable that therapy of ATC may add to this endogenous
response, possibly resulting in an overshoot in coagulation over time, with subsequent enhancement of hypercoagulability and MOF.
Diagnosing hypercoagulability is complex. Thrombin generation tests, or assessment of plasma levels of natural anticoagulants as protein C, protein S and tissue
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factor pathway inhibitor are not readily available for clinical use and not validated
to detect hypercoagulability. Thromboelastometry (ROTEM) is a bedside available
test providing real time information on all aspects of the coagulation system, including the presence of hypercoagulability [20,21]. The use of thromboelastography to
diagnose hypocoagulability in trauma has frequently been explored in recent years
[6-8,10,12,13,22,23]. However, reports on the use of ROTEM to detect a hypercoagulable state are scarce.
We aimed to study the incidence of hypercoagulability in multiple trauma patients
in the first 24 hours after injury and to establish whether hypercoagulability was
associated with the occurrence of MOF and mortality. In addition, as transfusion
strategies have shifted, we assessed whether transfusion strategy influenced the
occurrence of hypercoagulability.

Methods
Study design and patients
A prospective observational cohort study was conducted in four level-1 trauma
centers in London, Oxford, Oslo and Amsterdam. This study is part of the Activation of Coagulation and Inflammation in Trauma (ACIT) study, an ongoing prospective observational multicenter study in trauma patients. Local ethics committees
reviewed and approved the study. All procedures have been performed in accordance with the ethical standards laid down in the 1964 Declaration of Helsinki and
its later amendments. Between January 2008 and March 2013, all adult trauma
patients (18 years and older) who met the local criteria for highest trauma team
level activation were eligible for enrollment in the study. Patients were excluded if
arrival at the emergency department (ED) was >2 hours following injury; >2000 ml
of intravenous fluid was administered before ED admission; they were transferred
from another hospital or if they had burns covering >5% of total body surface area.
Patients were retrospectively excluded if they declined to give consent to use data,
were receiving anticoagulation (not including aspirin), or had moderate or severe
liver disease or a known bleeding diathesis.
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Data collection
Data were prospectively collected on patient demographics, time from injury to
arrival at the ED, mechanism of injury (blunt or penetrating), presence of traumatic
brain injury, vital signs on arrival and 24 hours after injury and amount of fluid and
blood products within the first 24 hours of injury. Trauma severity was assessed
using the Injury Severity Score (ISS) [24]. Outcome measures were MOF, defined
as worst Sequential Organ Failure Assessment (SOFA) score during admission, and
mortality after 28 days.
Thromboelastometry
Thromboelastometric variables were measured with ROTEM (Tem International,
Munich, Germany). Citrated blood samples were drawn within 1 hour after arrival
in the ED and a second sample was collected 24 hours (±2 hours) after admission.
All samples were processed within 1 hour. The ROTEM EXTEM assay was carried out
to assess tissue factor initiated coagulation and the ROTEM INTEM assay to assess
the intrinsic pathway. For EXTEM, 20 μL of 0.2 mol/L CaCl2 (star-tem®) and 20 μL of
human recombinant tissue factor (r EXTEM®) were added to a test vial. Subsequently
300 μL of the citrated blood sample was added. For INTEM, 20 μL of 0.2 mol/L CaCl2
(star-tem®), 20 μL of partial thromboplastin made of rabbit brain (in-tem®) and 300
μL of blood were added to the test cuvette.
The electronic pipette program guided all test steps. For both assays, clotting time
(CT), clot formation time (CFT), maximum clot firmness (MCF) and alpha angle were
recorded. Total clot strength was assessed by G as calculated according to the formula: (5000xMCF)/100-MCF and expressed as dynes/cm2 [20]. G has a curvilinear
relation with MCF and reflects the contribution of enzymatic and platelet components to the hemostasis, hereby better reflecting hemostatic potential than individual thromboelastometry parameters [8,25]. G has been shown to be valuable in
diagnosing hypo- and hypercoagulability [8,20,25]. Hypercoagulability was defined
as a G value of ≥ 11.7 dynes/cm2 and hypocoagulability as a G value of <5.0 dynes/
cm2 (values provided by manufacturer).
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Outcome variables
Primary outcome was the occurrence of MOF, assessed by the SOFA score, which
reliably assesses organ failure in trauma patients [26]. The score awards 0 (normal)
to 4 (most abnormal) points for each organ system. MOF was defined by a score of
3 points or more [4]. Secondary outcome was 28-day mortality. In addition, effect
of transfusion strategy (ratio Red Blood Cells (RBC): Fresh Frozen Plasma (FFP)) on
ROTEM profile and occurrence of hypercoagulability was determined.
Statistics
Continuous normally distributed variables are expressed by their mean and standard deviation. Not normally distributed variables are expressed as medians and their
interquartile ranges and categorical variables are expressed as n (%). ISS was treated
as a continuous variable. Groups are compared by using Student’s t-test or MannWhitney U test in case of not normally distributed data.
For comparison of categorical variables, the Chi-square test or Fisher’s exact tests
are used.
The primary analysis focused on modeling the hypothesized relation between
ROTEM detected hypercoagulability, MOF and mortality in trauma patients. First,
univariate logistic regression analysis was used to select independent factors
achieving a p value ≤ 0.10, in addition to factors that were deemed clinically important (age, time to ED, presence of traumatic brain injury, injury mechanism, ISS, Base
Excess, systolic blood pressure) in relation to the outcome variables. Subsequently,
selected ROTEM factors were entered in a multivariate logistic regression model.
Patients who died on admission were not included in the analyses to assess the
value of thromboelastometry to predict MOF, while patients who died later were
included when a SOFA score was available. All deceased patients were included in
the analyses to assess the value of ROTEM to predict mortality.
To compare the effect of transfusion strategies, transfused patients were divided
based on RBC:FFP ratio. Statistical significance was considered to be at p 0.05. Analyses were performed using R (version 2·3; R Foundation for Statistical Computing,
Vienna, Austria). Graphs were created with Prism 5.0 (GraphPad Software San Diego,
CA, USA).
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Figure 1: Flow diagram of inclusion and occurrence of multiple organ failure and mortality
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Results
During the study period, 1245 patients were screened and 1010 patients were
enrolled in the study (figure 1). For 62 of the patients, no data were available on
occurrence of MOF or mortality, therefore analyses were performed in the remaining 948 patients. Patient characteristics are listed in table 1. The majority of included
patients were males experiencing blunt injury. Median age was 38 years and median
ISS was 13 (IQR 8-25).
ROTEM profiles and hypercoagulability on admission
Baseline thromboelastometry data were available for 886 patients upon ED admission and for 451 patients when assessed 24 hours after admission. On admission,
the G value was increased in 63 (7%) of the patients, while 71 (8%) were hypocoagulable and the remaining 85% had normal clot strength according to the G value.
Patients showing hypercoagulability on admission were more often female (40%
vs. 28%, p<0.001), had lower ISS scores (9 vs. 20, p<0.001) and higher base excess
values (-1.3 mEq/L vs. -4.3 mEq/L, p<0.001) compared to hypocoagulable patients.
Also, they received less RBC, FFP and platelet transfusions compared to hypocoagulable patients. In addition, hypocoagulable patients had longer time to arrival at ED
(table 1).
ROTEM profiles and hypercoagulability 24 hours after admission
After 24 hours, 26 (6%) patients were hypercoagulable and 35 (8%) were hypocoagulable (Supplemental file: figure 1). In accordance with the hypercoagulable patients
at ED admission, the hypercoagulable patients 24 hours after admission had lower
ISS scores (14 vs. 25, p=0.04), higher base excess values (-1.4 mEq/L vs. -6.2 mEq/L,
p<0.001) and received less RBC transfusions compared to the hypocoagulable
patients. Amount of FFP and platelets transfused did not differ between hyper-,
normo- and hypocoagulable patients.
Altogether, during the first 24 hours after trauma, 88 (10%) patients were hypercoagulable at some point.
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Table 1: Characteristics of patients with hyper-, hypo- and normocoagulable ROTEM profiles at admission.

Age (years)
Sex, male % (n)
Time to ED
(minutes)
Trauma mechanism, blunt % (n)
Brain injury, % (n)
ISS
Systolic BP,
(mmHg)*
Base Excess
(mEq/L)
RBC (units)
FFP (units)
PLT (units)
Cryoprecipitate

All
patients
N=948
38 [26-53]
77 (730)
70 [51-90]

Hypercoagulable1
N=63
44 [33-62]
60 (38)
71 [46-86]

Normocoagulable2
N=752
38 [25-53]
80 (599)
70 [53-88]

Hypocoagulable3
N=71
38 [25-54]
72 (51)
80 [60-100]

p value

82 (777)

81 (51)

82 (619)

86 (61)

0.69

28 (265)
13 [8-25]
130 (30)

23 (14)
9 [5-17]
136 (28)

27 (193)
13 [5-25]
131 (29)

38 (26)
20 [10-39]
122 (34)

0.09
<0.001
0.06

-1.5
[-4.2 – 0.6]
5 [3-8]
4 [4-8]
1 [1-2]
2 [2-2]

-1.3
[-3.2-0.2]
4 [3-5]
3 [2-4]
1 [1-1]
NA

-1.2
[-3.7-0.8]
4 [3-8]
4 [4-8]
1 [1-2]
2 [2-2]

-4.3
[-9.5—0.5]
6 [4-11]
6 [4-13]
2 [1-5]
2.5 [2-5]

<0.001

<0.05
<0.001
0.05

<0.05
0.001
<0.01
0.06

1

Hypercoagulable G≥11.7 dynes/cm2
2
Normocoagulable G=5-11.7 dynes/cm2
3
Hypocoagulable G<5 dynes/cm2
All variables expressed as median and interquartile ranges [IQR].
*expressed as mean and standard deviation (SD)
ED = emergency department
ISS = injury severity score
BP = blood pressure
RBC = red blood cell
FFP = fresh frozen plasma

ROTEM profiles and multiple organ failure
41% of trauma patients developed MOF (figure 1). These patients were older, had
higher ISS scores, more often had brain injury and received more blood products
(Supplemental file: table 1). Of patients who were hyper- or normocoagulable on
admission, 40% developed MOF, compared to 53% of the hypocoagulable patients.
In patients presenting with hypocoagulability, the worst SOFA scores were higher
compared to those who were normo- or hypercoagulable on admission (p=0.003,
figure 2). Also, patients who developed MOF had hypocoagulable admission profiles
as measured by ROTEM compared to patients who did not develop MOF (table 2).
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Figure 2: Occurrence of multiple organ failure and worst SOFA scores in patients with hypo-,
normo- and hypercoagulable profiles at admission and 24 hours after admission. Gray bars
indicate occurrence of multiple organ failure and black dots indicate median SOFA scores and
interquartile ranges.

*p<0.01
**p<0.05
MOF
= multiple organ failure
SOFA
= sequential organ failure assessment

The same picture was noted 24 hours after admission. Worst median SOFA scores
were highest among patients showing hypocoagulability 24 hours after admission,
indicating more severe organ failure in these patients (figure 2).
ROTEM profiles and prediction of MOF and mortality
Univariate logistic regression analysis with admission ROTEM variables identified
INTEM CFT, INTEM alpha, INTEM MCF, EXTEM CT, EXTEM alpha, EXTEM MCF and
G to be associated with the occurrence of MOF, as were trauma characteristics and
baseline vital parameters. After performing multiple logistic regression analysis with
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Table 2: Thromboelastometry results at admission of patients who did and did not develop
multiple organ failure.

Intem CT (sec)
Intem CFT (sec)
Intem alpha°
Intem MCF (mm)
Extem CT (sec)
Extem CFT (sec)
Extem alpha°
Extem MCF (mm)
Extem G (dynes/cm2)

MOF
N=381
138 [115 to 168]
80 [63 to 104]
74 [70 to 77]
60 [56 to 64]
59 [49 to 73]
98 [78 to 122]
71 [66 to 75]
60 [56 to 65]
7.5 [6.4 to 9.3]

No MOF
N=549
134 [113 to 166]
71 [60 to 89]
76 [73 to 78]
62 [58 to 65]
55 [46 to 68]
88 [72 to 105]
73 [69 to 76]
62 [58 to 66]
8.2 [6.9 to 9.7]

p value
0.22
<0.001
<0.001
<0.001
0.002
<0.001
<0.001
0.005
0.005

Median and interquartile range [IQR]
MOF
= multiple organ failure
CT
= clotting time
CFT
= clot formation time
MCF
= maximum clot firmness

ROTEM variables, admission EXTEM CT, alpha and G were shown to be predictors
for the occurrence of MOF (table 3). The odds ratios for MOF indicated that change
of the parameters towards a more hypocoagulable profile resulted in an increased
risk for the development of MOF. We did not find any correlation between a hypercoagulable profile and the occurrence of MOF.
EXTEM CFT and G were predictors for MOF 24 hours after admission (table 3).
The total mortality was 10% (n=97) (figure 1). Of note, patients who were hypercoagulable on admission had lower 28-day mortality compared to normo- and hypocoagulable patients (0% in hypercoagulable patients vs. 7% in normocoagulable and
24% in hypocoagulable patients, p<0.001). Multivariate analysis with ROTEM variables showed that low EXTEM alpha angle on admission was a predictor for mortality (0.95 (0.91-0.98) p<0.01). Every degree increase of the alpha angle results in a
0.95 reduction of mortality risk.
ROTEM profiles, transfusion strategy and occurrence of MOF
In order to assess whether liberal use of FFP affected occurrence of hypercoagulability and subsequent MOF, we performed an additional sub-analysis in patients
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Table 3: Prediction of occurrence of multiple organ failure by EXTEM ROTEM variables at
admission and 24 hours after admission with multivariate analysis.
Admission
CT
CFT
Alpha
MCF
G
24 hours after admission
CT
CFT
Alpha
MCF
G

OR

95% CI

p value

1.01
0.99
0.95
1.01
0.94

1.00-1.01
0.99-1.00
0.92-0.98
0.98-1.04
0.89-0.99

0.05
0.23
<0.01
0.62
0.02

1.00
1.03
1.04
1.04
0.92

0.00-2.39
1.01-1.04
0.95-1.15
0.99-1.09
0.85-1.00

0.86
<0.01
0.37
0.13
0.05

CT = clotting time
CFT = clot formation time
MCF = maximum clot firmness

transfused with RBC and FFP. Transfused patients were divided in one group with an
RBC:FFP ratio of 1:1 (n=35), one with a ratio of more then 1:1 (n=115) and one with a
ratio of less then 1:1 (n=21). These 3 groups did not differ significantly with respect
to baseline characteristics (data not shown) and platelet transfusions. ROTEM
EXTEM CT, CFT, MCF and alpha did not differ at baseline and after 24 hours, nor did
G values (data not shown). After 24 hours, none of the patients transfused with a
RBC:FFP ratio <1:1 showed hypercoagulability and of patients transfused with higher
ratios of RBC:FFP, only 2 out of 100 patients progressed from a normocoagulable to
a hypercoagulable state (Supplemental file: figure 2).
Occurrence of MOF was high in all groups, but did not differ between groups with
different transfusion ratios (82% in patients with a ratio of 1:1 or higher, and 81% in
patients with RBC:FFP <1:1 respectively, p=0.99).

Discussion
The current study shows that a hypercoagulable state as detected by thromboelastometry, occurred in 7% at admission and in 10% of patients within 24 hours after
trauma. Characteristics associated with a presence of hypercoagulability included
lower ISS, higher base excess values, female gender and shorter time to ED arrival.
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These rates were not that different to the detected incidence for hypocoagulability, which has been the focus of considerable research interest, as part of evolving
concepts of ATC. In contrast to our hypothesis, hypercoagulability did not appear
to predict the occurrence of MOF. Rather, severity of MOF after trauma was associated with a hypocoagulable state. Hypercoagulable patients at admission had lower
mortality, consistent with lower ISS and better base excess values. High EXTEM CFT
and low G values were predictive for the development of MOF and low EXTEM alpha
was predictive for mortality.
Hypercoagulability after trauma has been reported using a variety of TEG measurements [6,8,10,27,28], however whether TEG and ROTEM results are interchangeable
is still under debate [29,30]. Reported incidences of hypercoagulability diagnosed
by TEG range from 11 to 80% [6,8,10,12,28]. This wide variation can be ascribed
to use of different definitions of hypercoagulability, with studies using individual
parameters of the thromboelastographic trace [6,10,28], a combination of parameters [7,12] or the use of G as a marker of whole clot strength [8]. Also injury severity
and timing of measurements differed among these cohorts. However, our findings
are in line with those previously reported in a smaller cohort of trauma patients [28].
We hypothesized that occurrence of hypercoagulability was associated with MOF.
However, we observed an opposite effect. Patients showing hypocoagulability
within the first 24 hours of admission developed more severe organ failure and had
an increased late mortality. This observation is in line with studies demonstrating
that hypocoagulability is associated with adverse outcome after trauma and brain
injury [22,25,31]. We showed that, in addition to individual parameters, G values on
admission and 24 hours after admission are predictors for the occurrence of MOF.
Of note, G is considered to better represent total clot strength than the individual
thromboelastography parameters [8,20,25]. ROTEM has been studied extensively
in trauma patients, mainly focusing on diagnosing early coagulation abnormalities
[32,33], prediction of transfusion requirements [34,35] and correction of hypocoagulability [36-38]. Our data indicate, contrary to our hypothesis, that hypocoagulability detected by ROTEM also has an enhanced risk of adverse outcome, which is in
line with previous observations in a smaller cohort [35].
In the current study, patients with hypercoagulability had lower mortality and lower
SOFA scores. A similar observation was recently reported in a smaller cohort of
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trauma patients [10]. Based on our data, we hypothesize that early hypercoagulability after trauma is an evolutionary response to prevent exsanguination. Results do
not point towards the hypothesis that early hypercoagulability after trauma resembles DIC with the formation of micro-thrombi, thereby contributing to organ failure
[19,39]. The observation that early hypercoagulability after trauma is more prevalent in females, is in line with a previous report [6].
Limitations of our study include that we did not systematically look for occurrence
of venous thrombo-embolism. It is also not possible to rule out a contribution of
late hypercoagulability to the development of MOF, as we only assessed ROTEM
on admission and after 24 hours. Prolonged hypercoagulability has been linked to
increased risk of thrombo-embolic complications [8,12,13]. Also, we did not assess
d-dimers and hereby we were not able to correlate ROTEM findings to DIC scores.
However, a recent review of pathology samples obtained early after trauma failed
to demonstrate micro-thrombi despite the clinical presence of increased DIC scores
[40]. Furthermore, we had a number of missing values at 24 hours following trauma.
Limited reports have described the coagulopathic changes over time in trauma and
a recent small cohort study suggested that hypercoagulability after trauma occurs
after 48 hours [41]. Therefore, further research should include serial measurements
and a prospective standardized observation of complications after trauma. However, the current data suggest that early hypercoagulability after trauma not only
reduces early mortality [10], but also seems to be associated with lower occurrence
and severity of MOF and 28 day mortality.
Altogether, this study has identified a significant proportion of patients with hypercoagulability as defined by ROTEM at admission. Further work in larger studies
should define the clinical consequences and prognostic value of identifying hypercoagulability, specifically including thrombo-embolic events, and might assess a
role for very early, targeted use of anti-coagulants in selected patients. The role of
plasma or other blood components in potentially exacerbating the consequences
of hypercoagulability is also an area of further research. In this study, patients with
hypocoagulability on admission mostly tended to regress to normal values over time
and not to hypercoagulability, irrespective of blood product ratio. This is in contrast
with studies showing an association between amount of blood products and MOF
[42,43], but is in line with other studies, which suggested that other fluids were more
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associated with MOF than blood products [44,45]. Also, there is experimental evidence that FFP preserves endothelial integrity in hemorrhagic shock [46].

Conclusion
In a cohort of trauma patients, 10% shows a hypercoagulable state, as defined by
ROTEM G value, within the first 24 hours. Occurrence of early hypercoagulability is
not associated with development of MOF, moreover it appears to protect against
adverse outcome. Admission ROTEM variables indicating hypocoagulability are predictive of the development of MOF and mortality. Liberal use of FFP is not associated with enhanced hypercoagulability.
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Supplemental files
Table 1: Characteristics of patients who did and did not develop multiple organ failure.

Age (years)
Sex, male % (n)
Time to ED (minutes)
Trauma mechanism, blunt % (n)
Brain injury, % (n)
Injury severity score
Systolic blood pressure (mmHg)
Base Excess (mEq/L)
Red Blood Cells
Patients transfused, % (n)
Units
Fresh frozen plasma
Patients transfused, % (n)
Units
Platelets
Patients transfused, % (n)
Units

Multiple Organ
Failure
N = 381
40 [27-57]
77 (303)
78 [60-95]
87 (327)
42 (160)
24 [13-34]
124 (32)
-3 [-6.35 - -0.80]

No Multiple Organ
Failure
N = 549
35 [24-49]
80 (422)
65 [47-83]
79 (430)
15 (80)
9 [4-17]
134 (27)
-0.45 [-2.43 - 1.13]

p value

44 (168)
6 [4-10]

12 (65)
3 [2-6]

<0.001
<0.001

34 (130)
5 [4-8]

6 (30)
4 [2-4]

<0.0001
<0.001

24 (92)
1 [1-2]

3 (16)
1 [1- 1]

<0.0001
0.05

<0.001
0.41
<0.001
0.001
<0.001
< 0.001
<0.001
<0.001

Data expressed as median [interquartile ranges] or mean (standard deviation).
ED = emergency department.
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Figure 1: ROTEM measurements in trauma patients at admission and 24 hours after admission. Profiles classified as hyper-, normo- or hypercoagulable according to G value.

Hypercoagulable G>11.7 dynes/cm2 ; normocoagulable G=5-11.7 dynes/cm2 ; hypocoagulable
G<5 dynes/cm2
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Hypercoagulable G>11.7 dynes/cm2 ; normocoagulable G=5-11.7 dynes/cm2 ; hypocoagulable G<5 dynes/cm2

Figure 2: ROTEM measurements in trauma patients transfused with RBC and FFP at admission and 24 hours after admission. Profiles classified
as hyper-, normo- or hypercoagulable according to G value.
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Abstract
Background: Prophylactic use of fresh-frozen plasma (FFP) is common practice in
patients with a coagulopathy undergoing an invasive procedure. Evidence that FFP
prevents bleeding is lacking, while risks of transfusion-related morbidity after FFP
have been well demonstrated. We aimed to assess whether omitting prophylactic FFP transfusion in non-bleeding critically ill patients with a coagulopathy who
undergo an intervention is non-inferior to a prophylactic transfusion of FFP.
Study design and methods: A multicenter randomized open-label trial with blinded
endpoint evaluation was performed in critically ill patients with an increased International Normalized Ratio (INR; 1.5-3.0). Patients undergoing placement of a central
venous catheter, percutaneous tracheostomy, chest tube, or abscess drainage were
eligible. Patients with clinically overt bleeding, thrombocytopenia, or therapeutic
use of anticoagulants were excluded. Patients were randomly assigned to omitting
or administering a prophylactic transfusion of FFP (12 ml/kg). Outcomes were occurrence of postprocedural bleeding complications, INR correction, and occurrence of
lung injury.
Results: Due to slow inclusion, the trial was stopped before the predefined target
enrollment was reached. Eighty-one patients were randomly assigned, 40 to FFP and
41 to no FFP transfusion. Incidence of bleeding did not differ between groups, with
a total of one major and 13 minor bleedings (p=0.08 for noninferiority). FFP transfusion resulted in a reduction of INR to less than 1.5 in 54% of transfused patients. No
differences in lung injury scores were observed.
Conclusion: In critically ill patients undergoing an invasive procedure, no difference
in bleeding complications was found regardless whether FFP was prophylactically
administered or not.
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Introduction
Fresh-frozen plasma (FFP) is effective in correcting multiple clotting factor deficiencies, and transfusion guidelines recommend its use during massive bleeding and
such a deficiency [1, 2]. In the past decades, use of FFP has grown steadily [3,4].
In addition to the use of FFP in actively bleeding patients, a substantial amount of
FFP is transfused prophylactically to nonbleeding patients with a coagulopathy [5-9].
Coagulopathy, defined as prolonged prothrombin time (PT) or International Normalized Ratio (INR), has a high prevalence in critically ill patients [5]. Thereby, substantial amounts of FFP are utilized in the intensive care unit (ICU) [8-10].
An important reason for physicians to transfuse FFP is the prevention of bleeding
complications in nonbleeding patients with a coagulopathy, in particular in those
undergoing an invasive procedure [8,11]. However, currently used diagnostic tests
for coagulopathy such as INR and PT poorly represent in vivo hemostatic potential.
Therefore, PT has limited value in predicting bleeding risk [12,13]. In addition, retrospective studies suggest that commonly performed invasive procedures in the critically ill, such as central venous catheter placement, percutaneous tracheostomy,
and thoracocentesis, carry a low bleeding risk [13-16].
Evidence from randomized controlled trials that support FFP transfusion to correct
coagulopathy in order to reduce risk of bleeding before an invasive procedure is limited [17,18]. On the other hand, FFP transfusion is associated with acute lung injury,
which may occur in up to 30% of transfused critically ill patients [19], prolonging
mechanical ventilation and ICU length of stay [20]. Also, an increased infection risk
has been reported following FFP transfusion [21]. Thereby, the risk-benefit balance
of prophylactic FFP may be limited. Despite the absence of evidence of a benefit,
prophylactic FFP transfusion is common practice in the ICU [8,10,22,23]. We conducted a multi-center randomized controlled clinical trial in critically ill patients with
a coagulopathy who needed to undergo an invasive procedure. Using noninferiority
analysis, we aimed to determine whether FFP transfusion could be safely omitted in
these patients.
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Materials and methods
The Institutional Review Board of the Academic Medical Center - University of
Amsterdam, Amsterdam, The Netherlands, approved the study protocol. Before
entry in the study, written informed consent was obtained from the patient or legal
representative in accordance with the Declaration of Helsinki. The study protocol
was registered with trial identification numbers NTR2262 and NCT01143909 [24].
Setting and patients
Consecutive patients of 18 years and older admitted to the intensive care with an
INR of at least 1.5 and not more than 3.0 and the need to undergo an invasive procedure were considered eligible. Defined invasive procedures were insertion of a
central venous catheter, thoracocentesis, percutaneous tracheotomy, drainage of
abscess, or fluid collection. Patients with clinically overt bleeding (defined as either
a decrease in hemoglobin (Hb) >1.6 g/dL or a need for transfusion or hemodynamic
instability due to bleeding at the time of the procedure) or with a thrombocytopenia
of not more than 30 x 109/L were excluded from participation. Also, patients were
excluded when treated with vitamin K antagonists, activated protein C, abciximab,
tirofiban, ticlopidine or prothrombin complex concentrates. In addition, patients
with a history of congenital or acquired coagulation factor deficiency or bleeding diathesis were excluded. Patients treated with low molecular weight heparin
(LMWH) or heparin in therapeutic dose were eligible if medication was discontinued
for an appropriate period. Patients were enrolled at four sites in the Netherlands:
two university hospitals (Academic Medical Center, Amsterdam and Leiden University Medical Center, Leiden) and two large teaching hospitals (Tergooiziekenhuizen,
Hilversum and Diakonessenhuis, Utrecht).
Clinical practices, such as using ultrasound guidance when inserting a central venous
catheter or a chest tube, were applied according to each center’s specific expertise
and routine, to minimize interference of the trial intervention with normal clinical
practice. Tracheostomy was performed percutaneously under direct sight using
bronchoscopy. Use of low molecular weight heparin in a prophylactic dose was
standard care in all patients. Selective digestive tract decontamination was part of
standard care in three centers. The decision to transfuse red blood cells (RBCs), FFP
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or platelets (PLTs) in case of postprocedural bleeding was made by the treating physician in accordance with national guidelines.
Study design
Since manufacturing a completely matched placebo in full compliance with the current good manufacturing practice standards was considered not possible, a prospective, randomized, open-label, blinded endpoint evaluation (PROBE) design was
chosen. Patients admitted to the ICU were prospectively screened between May
2010 and June 2013 for INR prolongation. Patients fulfilling inclusion criteria were
randomly assigned to receive or not to receive a single dose of 12 ml/kg FFP.
The randomization procedure was Web-based, using permuted blocks and was
stratified by study center and type of invasive procedure. Patients could only be
randomized once (e.g., for one procedure). Fresh-frozen quarantine plasma, manufactured by Sanquin, the Dutch National Bloodbank, was used. Transfusion amount
was rounded to whole units. After randomization and transfusion or not, the scheduled intervention was carried out and patients were observed for 24 hours.
Study end points
The primary outcome of the study was procedure-related bleeding, occurring within
24 hours after the procedure. Bleeding was assessed using a tool validated in the
critically ill (HEME)[25]. Major bleeding was defined as bleeding accompanied by
any of the following: a decrease in Hb by more than 2 g/dL in the absence of another
cause of bleeding, transfusion of 2 or more units RBCs without an increase in Hb, a
decrease in systolic blood pressure by more than 20 mmHg, an increase in heart rate
by 20 beats/min or more, or wound-related bleeding requiring an intervention. Minor
bleeding was defined as prolonged bleeding at the site of insertion or increase in size
of subcutaneous hematoma. The potential bleeding site was assessed by a physician
blinded to the intervention who filled out a predefined bleeding score form consisting of blood pressure, heart rate, Hb level, and occurrence of procedure-related
bleeding with or without the need for intervention or transfusion. Subsequently this
blinded physician assigned a score of major bleeding, minor bleeding or no bleeding
at 1 and 24 hours after the intervention. The effects of FFP on correction of INR and
additional transfusion requirements were assessed. Development of lung injury was
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assessed by calculating the lung injury score 24 hours after the intervention, which
includes radiographic infiltrates on chest X-ray, a hypoxemia score (PaO2/FiO2),
positive end expiratory pressure level (cm H2O), and respiratory system compliance
score when available [26]. Ventilator associated pneumonia (VAP) was defined as
newly diagnosed (infiltrate on chest X-ray and clinical signs of pneumonia), culture
proven pneumonia, while on mechanical ventilation.
Statistical considerations
The sample size and power calculation of this study was based on studies that showed
that the occurrence of major bleeding in patients with a coagulopathy undergoing invasive procedures was less than 1%. Group size calculation was focused on
demonstrating noninferiority. With a sample size in each group of 198, a one-sided
Z test with continuity correction (pooled) achieved 80% power to reject the null
hypothesis that the proportion of bleeding patients in the experimental group (no
FFP transfusion) was higher, that is, inferior to the proportion in the control group
(FFP transfusion) with a margin of 0.03. It was assumed that the expected difference
in proportions is zero and the proportion in the control group is 0.01. The one-sided
significance level of the test was targeted at 0.05. Therefore, we intended to enroll
200 patients per treatment arm [24].
Statistical analysis
Variables are expressed by their mean and standard deviation if normally distributed. If not normally distributed they are expressed by their medians and interquartile ranges. Categorical variables are expressed as number (%). The primary endpoint
of procedure-related major bleeding only occurred once, rendering planned noninferiority analysis impossible. Therefore, a post hoc noninferiority analysis for all
types of bleeding complications (major and minor) was performed according to the
method of Dunnett and Gent [27]. The null hypothesis stated that the difference
between the control treatment (FFP transfusion) and the intervention (no FFP transfusion) equals a delta of 0.03. The alternative hypothesis stated that the difference
between the control treatment and the new treatment is smaller than a delta of
0.03. A significant result (p≤0.05) would indicate that omitting FFP transfusion is
noninferior to administering FFP before an intervention. In addition, occurrence of
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bleeding between both groups was compared by Fisher exact test. Because of the
noninferiority design of the trial, both an intention-to-treat analysis and a per-protocol analysis was performed and results of the per-protocol analysis are reported.
The secondary outcome variables were analyzed using the two-group t-test or
Mann-Whitney test, simple linear regression and chi-square test, when appropriate.
In case of paired data the paired t-test was used, or in case of not normally distributed data the Wilcoxon signed rank test was used. Correlations were determined by
Spearman’s Rho. In all analyses statistical uncertainties are expressed in 95% confidence limits, with a significance level of 0.05. Statistical analyses were carried out
with R statistical computing (Vienna, Austria, http://www.R-project.org).

Results
Patients and interventions
Owing to slow inclusion, the trial was stopped before the predefined target enrollment was reached. Between May 2010 and June 2013, a total of 13,163 INR values
were screened in 6825 patients. A total of 1478 patients had an INR of at least 1.5
and not more than 3.0. Of these, 615 patients did not fulfill inclusion criteria, leaving
263 patients with an INR of at least 1.5 and not more than 3.0 scheduled to undergo
a predefined intervention. Of these, 65 patients declined informed consent. An additional 83 patients were missed and 34 patients did not participate due to other reasons, including refusal from treating physicians to include a specific patient (3.8%).
This left 81 coagulopathic patients who underwent randomization (figure 1). Five
patients did not undergo an intervention despite randomization and were therefore excluded from further analysis. The results of the per-protocol analysis are
reported. Half of the included patients had sepsis. Prevalence of disseminated intravascular coagulation and liver disease was high (table 1). Groups were balanced with
respect to demographic variables and disease severity scores. However, in patients
randomly assigned to the nontransfused group, liver disease was more frequent
(p=0.006). Baseline values of coagulation tests, Hb, and lung injury scores did not
differ between the two groups, nor did preprocedural use of anticoagulant medication (table 1). Central catheter placement was the most frequent intervention (76%
in the FFP transfusion and 78% in the nontransfused group; table 2).
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Figure 1: CONSORT diagram.
Number of screened pa!ents and INR’s
Pa!ents N=6825
INRs N=13163

Number of INRs ≥ 1.5 en ≤ 3.0
N=3499 in 1478 pa!ents
Number of pa!ents with
exclusion criterium:
N=615
Number of poten!al eligible pa!ents:
N=863

Eligible number of pa!ents undergoing
interven!on:
N=263
No par!cipa!on due to:
No informed consent N=65
Missed N=83
Physician declines par!cipa!on N=10
Other N=24

Underwent randomiza!on
N=81

Assigned to FFP
N=40

No interven!on N=2

Included in analysis
N=38
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Assigned to no FFP
N=41

No interven!on N=3

Included in analysis
N=38
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Table 1: Patient characteristics
FFP transfusion No FFP transfusion p value
(n=38)
(n=38)
General characteristics
Gender, male
67 (26)
Age (years)
64 (54-70)
BMI
24 (22-28)
Days admission until intervention
3 (1-8)
APACHE IV score
107 (80-129)
SOFA score
12 (10-14)
Medical history
Pulmonary disease
13 (5)
Liver disease
16 (6)
Cardiac failure
16 (6)
Medical condition 24 hours before intervention
Mechanical ventilation
84 (32)
Sepsis
47 (18)
Pneumonia
26 (10)
Disseminated intravascular coagulation
45 (17)
Baseline measurements
INR
1.8 (1.5-2.2)
aPTT (sec)
43 (38-52)
9
92 (52-180)
PLT count (x10 /L)
Haemoglobin (g/dL)
9.3 (8.4-10.2)
Lung Injury Score
2 (1-2.7)
Anticoagulation
Aspirin
10 (4)
Clopidogrel
3 (1)
Aspirin and clopidogrel
0 (0)
UFH therapeutic dose
10 (4)
LMWH therapeutic dose
23 (9)

47 (18)
66 (62-72)
23 (20-26)
2 (1-3)
101 (83-126)
12 (10-15)

0.09
0.23
0.15
0.26
0.76
0.81

10 (4)
45 (17)
16 (6)

0.72
0.006
1.00

76 (29)
47(18)
24 (9)
38 (14)

0.52
1.00
0.89
0.54

1.9 (1.6-2.2)
41 (36-49)
110 (52-183)
9.3 (8.4-10.6)
1.3 (0.83-2.3)

0.29
0.35
0.94
0.79
0.61

24 (9)
5 (2)
5 (2)
18 (7)
11 (4)

0.11
0.54
0.49
0.31
0.14

Data are expressed as percent (number) or median (interquartile range).
BMI
= Body Mass Index
APACHE = Acute Physiology and Chronic Health Evaluation
SOFA
= Sequential Organ Failure Assessment
INR
= International Normalized Ratio
aPTT
= Activated Partial Thromboplastin Time
PLT
= platelet
UFH
= Unfractionated heparin
LMWH = Low-molecular-weight heparin
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Table 2: Intervention and transfusion characteristics in randomized patients.
FFP transfusion
(n=38)
Intervention
Central venous catheter
76 (29)
Chest tube
11 (4)
Tracheotomy
5 (2)
Abdominal drain
8 (3)
FFP before to intervention
Units
3 (2-4)
Dose (ml/kg)
12 (10-13)
Transfusions in first 24 hr after intervention
RBCs (units)
1 (0-2)
FFP (units)
0 (0-1)
PLTs (units)
1 (0-2)

No FFP transfusion
(n=38)

p value

76 (29)
8 (3)
5 (2)
11 (4)

0.58

0
0
1 (0-3)
2 (0-2)
0 (0-1)

0.91
0.06
0.43

Data expressed as percent (number) or median (interquartile range).
Table 3: Bleeding rates in randomized patients.

Fatal bleeding
Major bleeding
Minor bleeding
No bleeding

FFP transfusion
(n=38)
0
0
8
30

No FFP transfusion
(n=38)
0
1
5
32

Data are expressed as number.

Occurrence of bleeding
None of the patients experienced a fatal bleeding. Overall, one major and 13 minor
bleedings occurred (table 3). The major bleeding complication was a hematothorax
after ultrasound-guided insertion of a chest drainage system (Pleural Catheter, RM
Temena GmbH, Felsberg, Germany) in a patient randomly assigned not to receive
FFP transfusion. The patient was treated with 100 mg of aspirin once daily and
unfractionated heparin in a dose of 500 IU/hr. The heparin was discontinued more
than 3 hours before the procedure. Coagulation tests 1 hour before the intervention showed a PT of 18.9 seconds, an INR of 1.71, activated partial thromboplastin
time (aPTT) 47 seconds, fibrinogen 2.3 g/L and a PLT count of 34*109/L. Within the
first hour after insertion of the chest drainage system 300 ml of blood ran from the
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drain. In response to this complication the patient was transfused with 3 units of
RBCs, 3 units of FFP and 1 unit of PLTs, which resulted in cessation of the bleeding
and stabilization of the patient.
As the primary outcome of major bleeding only occurred once, meaningful statistical
analysis was not possible. Therefore, bleeding data (major and minor bleeding complications) were aggregated into bleeding and no bleeding categories. Occurrence
of bleeding did not differ between groups (eight events in the FFP group compared
to six in the nontransfused group, p=0.77; table 3). However, the observed difference in occurrence of bleeding was 4.8% to the detriment of the group transfused
with FFP, while a difference of 3% to the detriment of the nontransfused group was
allowed. Noninferiority analysis generated a chi-square of 2.05 (df 1, p=0.08 [one
sided]) 1 hour after the intervention and a chi-square of less than 0.01 (df 1, p=0.50
[one sided]) 24 hours after the intervention.
Preprocedural omission of FFP was not associated with increased occurrence of
bleeding (relative risk 1.17; 95% confidence interval [CI] 0.62-2.19; p=0.78). Preprocedural use of anticoagulation (PLT inhibitors, therapeutic use of heparin or lowmolecular-weight heparin) was not associated with increased occurrence of bleeding
(relative risk 1.47; 95%CI 0.55-3.92; p=0.44; figure 2). Patients randomly assigned to
FFP transfusion received a median of 3 FFP units [IQR 2-4]. FFP transfusion before
the procedure did not affect transfusion requirements in the first 24 hours after the
procedure (table 2).
Correction of INR
FFP transfusion resulted in a median reduction of INR from 1.8 (IQR 1.5-2.5) to 1.4
(IQR 1.3-1.63; p<0.001). However, only 54% of patients had a corrected INR to less
than 1.5 after FFP transfusion (figure 3). The effect of FFP on INR reduction varied widely. Patients with higher pretransfusion INR values experienced the greatest
reduction after FFP transfusion (r =0.68, p<0.01; figures 3 and 4).
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Figure 2: Occurrence of bleeding complications related to randomization group and use of
anticoagulant medication before randomization.

Grey dots indicate patients without FFP transfusion before intervention, black dots indicate
patients transfused with 12 ml/kg FFP before intervention. Encircled dots indicate patients
who received antiplatelet therapy less than 3 days before the intervention.
Figure 3: Effect of FFP transfusion (12 ml/kg) on correction of INR in 38 patients randomized
to the transfusion group.

The grey line indicates an INR value of 1.5.
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Figure 4: Correlation of INR value before FFP transfusion and magnitude of effect of FFP
transfusion.

Table 4: Clinical outcomes 24 hours after randomization.

Lung injury score
P/F ratio
Ventilator associated pneumonia
Mechanical ventilation days
SOFA 24 hours after intervention
ICU length of stay
Overall mortality

FFP transfusion
(n=38)
2 (0.8-2.5)
203 (143-308)
8 (3)
11 (6-16)
12 (9-16)
12 (6-19)
51 (19)

No FFP transfusion
(n=38)
1.25 (0.4-2.4)
248 (180-308)
5 (1)
3 (2-12)
11 (9-14)
7 (3-17)
71 (27)

p value
0.28
0.51
0.001
0.01
0.68
0.13
0.08

Data expressed as percent (number) or median (interquartile range)
P/F = pO2 (mmHg)/fraction of inspired oxygen
ICU = intensive care unit
SOFA = Sequential Organ Failure Assessment
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Clinical outcome
At baseline, lung injury scores were increased in both groups, with values indicating moderate to severe lung injury, consistent with underlying morbidity of these
patients. After the intervention, lung injury score and oxygenation score tended to
be lower in the FFP group, but this did not reach statistical significance. Degree of
change in lung injury score after 24 hours did not differ between groups. Duration of
mechanical ventilation was significantly longer in patients transfused with FFP compared to nontransfused patients (p=0.01). Additional linear regression identified the
presence of sepsis and liver disease as important contributors to prolonged duration of mechanical ventilation. Furthermore, the incidence of VAP was significantly
higher in the FFP group patients.
ICU length of stay did not differ between both groups. Mortality tended to be higher
in the nontransfused group (51% mortality in patients transfused with FFP compared
to 71% in those not transfused with FFP before the intervention, p=0.08; table 4).
Additional linear regression demonstrated that liver disease was the sole predictor
for mortality (p=0.056). Hereby, liver disease was a confounder for mortality.

Discussion
In this multicenter randomized controlled trial, occurrence of bleeding complications after an invasive procedure in critically ill patients with a coagulopathy did not
differ between patients with or without a prophylactic FFP transfusion. Due to limited inclusion, noninferiority of omitting FFP transfusion could not be demonstrated.
Post hoc analysis showed a trend towards noninferiority with a 5% higher bleeding
rate in the transfused group compared to nontransfused patients. FFP transfusion
was associated with prolonged duration of mechanical ventilation and increased
VAP rates.
Our study is the first randomized controlled trial on the efficacy of prophylactic FFP
transfusion to prevent bleeding in coagulopathic patients undergoing an invasive
procedure. Previous studies on prophylactic FFP transfusion reported the effect
of FFP on laboratory variables but not on bleeding [12,28]. In this trial, only one
major bleeding occurred. Minor bleeding occurred in up to 17% of patients and
mostly consisted of prolonged oozing of insertion site or hematoma formation, not
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requiring any specific therapy or transfusion. Occurrence of minor bleeding is of
limited value for clinical practice and most likely clinicians administer FFP in order to
prevent major bleeding complications. From our data is it is not possible to determine whether a lack of difference in occurrence of minor bleeding complications
also has predictive value for the occurrence of major bleeding complications. However, retrospective studies also showed that the incidence of major bleeding after
an invasive procedure in patients with a prolonged INR is less then 1% [29-31]. Low
incidence of bleeding has been reported in observational studies in coagulopathic
patients receiving central venous catheter placement [32,33] and percutaneous tracheotomy [15] and after thoracocentesis [14,34]. Also, procedure-related bleeding
complications were not influenced by the administration of FFP [14,16]. Our data are
in line with previous reported observations that invasive procedures can be safely
carried out in critically ill patients with a coagulopathy.
Bleeding is a subjective endpoint. We could not blind the transfusion bags and manufacturing a placebo was not considered feasible. Therefore, we have chosen for an
observer blinded to intervention safeguarding objectivity. The endpoint evaluation
in a PROBE study is as reliable as a double-blind study, provided that the same criteria are applied [35]. In addition, it is shown that results from double-blind, placebocontrolled and PROBE trials are statistically comparable [36]. The HEME tool used
to assess procedure-related relevant bleeding in our trial has been validated for ICU
patients, with a high inter- rater agreement [25]. Another frequently used tool, the
World Health Organization (WHO) bleeding scale, which assesses the presence of
petechiae or mucosal bleeding, is validated for patients with cancer but not in the
critically ill [37]. A possible disadvantage of the HEME tool is that some items, such
as decrease in systolic blood pressure or increase in heart rate, may also occur in the
absence of bleeding. However, assessors were asked to consider such physiologic
changes only if they occurred in the absence of other causes [25].
Although FFP transfusion resulted in a reduction of INR in all patients, only half corrected to an INR of less than 1.5, a value which is a reported trigger for FFP transfusion in clinical practice [8]. In line, most studies show a reduction and not a complete
normalization of INR after FFP transfusion [10,12,19,38]. This is probably due to
low FFP doses or attempts to correct minimally elevated INR, which is not possible
[28,39]. It can be argued that no effect of FFP transfusion was seen in our study due
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to a low dose. Studies on the dose of FFP to correct INR in ICU patients show conflicting results. In a small cohort of 22 patients, a dose of 33 ml/kg was more effective in
achieving target levels of coagulation factors compared to 12 ml/kg [12]. However,
in a larger trial in ICU patients, 20 ml/kg did not differ from 12 ml/kg in correction of
INR or increasing coagulation factors above a minimum hemostatic threshold [38].
Of note, audits on FFP transfusion show that the dose of prophylactic FFP transfusion used in clinical practice is often less than 10 ml/kg [9,40]. The strength of this
study is the use of a fixed dose, which is in line with doses used in common clinical
practice [7,8,10,40,41]. Although we cannot exclude that higher doses of FFP may
prevent bleeding, we think that underdosing of FFP is unlikely to have contributed
to the absence of a difference in bleeding complications between both groups,
because there was no trend towards efficacy of FFP.
In line with previous reports, the effect of FFP transfusion on INR decrease correlated with pretransfusion INR [12,28]. In the current study, the lower INR boundary
was chosen in line with clinical practice, in which an INR of at least 1.5 is frequently
reported to be a transfusion trigger [6,8], in particular when an intervention is
scheduled [40]. We choose an upper limit of an INR of not more than 3.0 to prevent
noncompliance by participating physicians [11].
In recent years, many reports have been published on the adverse effects of FFP. FFP
transfusion is an independent risk factor for new onset of acute lung injury [42-45],
in particular in patients who are mechanically ventilated [46]. Furthermore, studies
consistently report an association between FFP and increased length of ICU stay
[6,45,46]. We did not confirm an association between FFP and lung injury, probably
due to low numbers of patients. Of note, oxygenation tended to be worse and duration of mechanical ventilation was prolonged in patients transfused with FFP, associated with an increased incidence of VAP in the transfused group. This observation
is consistent with reports in trauma and nontrauma patients, where transfusion of
FFP has been shown to be independently associated with infection and pneumonia
[21,47]. However, in our cohort duration of mechanical ventilation was affected by
the presence of sepsis or liver disease, hereby impeding conclusions about the association between FFP and duration of mechanical ventilation. Whether FFP transfusion indeed can induce transfusion-related immunomodulation is, however under
debate [48,49].
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The major limitation of our trial is that we stopped early due to slow inclusion.
Despite the addition of extra recruitment sites, we were only able to randomize
20% of the targeted patient number. Several factors contributed to this disappointing inclusion rate. First, there is a small window of opportunity to include patients.
Placement of central venous catheter may be an urgent procedure in critically ill
patients, which does not allow postponing the intervention until informed consent
was obtained. This accounted for a 20% loss of potentially eligible patients. Second,
despite that certified ICU staff physicians asked informed consent, denial rate was
high. Third, treating physicians were at times reluctant to randomize patients for the
trial. The reasons were bidirectional: physicians who wanted to correct coagulopathy before the invasive procedure did not want to take the risk of randomization to
no FFP, and on the other hand physicians who felt no need for FFP transfusion did
not want to risk having to administer FFP. Therefore, despite the expressed need
for trials on the use of FFP in critically ill patients with a coagulopathy, preferences
of treating physicians about the use of FFP were major constraints to the conduct a
successful clinical trial. We feel that future trials on the efficacy of FFP may not be
feasible to conduct, at least in the Netherlands, and that further knowledge on the
efficacy of FFP should be gathered from prospective cohort studies or retrospective
studies.
Another limitation of our study is the randomization imbalance resulting in a higher
proportion of patients with liver disease in the no FFP group. As liver disease influenced mortality, it also affected duration of mechanical ventilation. Of note, the
combined outcome of major and minor bleeding was assessed within 24 hours;
therefore, these outcomes are less likely to be affected by the presence or absence
of liver disease. Despite disappointing inclusion rates, our study is the largest randomized trial to date on the effectiveness of FFP to prevent bleeding in critically ill
patients with a coagulopathy and we believe results are of interest to any physician
involved in performing invasive procedures.
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Conclusion
The effect of FFP on major bleeding complications could not be assessed due to
low inclusion rate and low incidence of major bleeding complications in critically
ill patients with a coagulopathy undergoing an invasive procedure. The combined
outcome of major and minor bleeding complications did not differ between patients
with or without FFP transfusion. A dose of 12 ml/kg of FFP only partially corrected
INR.
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Abstract
Coagulopathy has a high prevalence in critically ill patients. A prolonged INR is a common trigger to transfuse fresh frozen plasma (FFP), even in the absence of bleeding.
Thereby, FFP is frequently administered in these patients. However, efficacy of FFP
to correct hemostatic disorders in non-bleeding recipients is questioned. We aimed
to assess the effect of a fixed dose of FFP transfusion on the hemostatic balance in
non-bleeding critically ill patients with a coagulopathy. Markers of coagulation, individual factor levels and levels of natural anticoagulants were measured and thrombin generation assays were performed before and after FFP transfusion (12 ml/kg)
to 38 non-bleeding critically ill patients with a prolonged INR (1.5-3.0). At baseline,
levels of procoagulant factor II, V and VII as well as levels of anticoagulants protein C,
S and antithrombin were below normal values, associated with impaired thrombin
generation. FFP transfusion increased both levels of individual coagulation factors
as well as levels of anticoagulant proteins. Thrombin generation was not affected
by FFP transfusion. In conclusion, in critically ill patients with a coagulopathy, FFP
transfusion does not alter hemostatic balance or thrombin generation.
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Background
Coagulopathy occurs in up to 30% of critically ill patients [1]. Seventy percent of
Fresh Frozen Plasma (FFP) used by critical care facilities is transfused to patients
with prothrombin time (PT) prolongation, mostly in the absence of bleeding [2]. To
assess bleeding risk and effectiveness of FFP transfusion, International Normalized
Ratio (INR) is often used. An increased INR indicates that at least one of the vitamin
K dependent coagulation factors is below the hemostatic threshold [3] and is a common trigger to administer FFP [4]. However, in acquired coagulopathy in critically
ill patients, where multiple clotting factors are deficient, the relationship between
clotting factor levels and INR prolongation is complex and not well understood.
Indeed, INR only represents a part of the coagulation cascade and is insensitive to
the activity or concentration of natural anticoagulants and fibrinolytic proteins. In
the critically ill, and particularly in patients with disseminated intravascular coagulation (DIC), levels of natural anticoagulants are reduced and fibrinolysis is attenuated
[5,6].
The hemostatic balance is the net result of the presence of pro-coagulant, anticoagulant and fibrinolytic factors. Disturbance between these components can
result in variable in vivo coagulation profiles, ranging from hypocoagulable with
increased bleeding tendency to a pro-coagulant state with (micro-) vascular thrombus formation. Thereby, despite an elevated INR, patients may not necessarily have
an increased bleeding tendency. In line with this, INR poorly reflects risk of bleeding
in the critically ill [7].
The efficacy of FFP to correct coagulopathy has only been evaluated in small and
heterogeneous studies [8-10]. Notably, the efficacy of FFP to prevent bleeding in
coagulopathic critically ill patients has not been demonstrated [11]. Besides coagulation factors, FFP also contains natural occurring anticoagulants antithrombin, protein C and S. The net effect of FFP transfusion on anticoagulant proteins and the
hemostatic balance in the critically ill is not well known [12].
In a predefined sub study of a multicenter randomized controlled trial on the efficacy of prophylactic FFP transfusion to prevent bleeding in critically ill patients with
an increased INR who were scheduled to undergo an invasive procedure [13], we
investigated whether INR prolongation parallels changes in other tests investigating
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hemostasis and evaluated the effect of a fixed dose of FFP on the hemostatic balance of these patients.

Materials and methods
The original study was approved by the medical ethics committee of the Academic
Medical Center, Amsterdam, the Netherlands. Before entry in the study, written
informed consent was obtained from the patient or legal representative in accordance with the Declaration of Helsinki. The study protocol was registered with trial
identification numbers NTR 2262 and NCT01143909.
Setting and patients
The study was performed between May 2010 and June 2013 in four mixed medicalsurgical ICUs in the Netherlands. Patients were eligible when INR was 1.5-3.0 and
needed to undergo an intervention. Patients younger than 18 years or with a known
bleeding diathesis, treated with vitamin K antagonists, activated protein C, abciximab, tirofiban, ticlopidine or prothrombin complex concentrates were excluded.
Patients treated with therapeutic doses of heparin or low molecular weight heparin were allowed to participate if medication was discontinued for an appropriate
period, which was >2 hours for heparin and >12 hours for low molecular weight
heparin. Use of low molecular weight heparin in a prophylactic dose was part of
standard care in all patients.
Design
A predefined post hoc study of a randomized controlled clinical trial on risk and benefit of FFP transfusion in critically ill patients with a coagulopathy [13]. After inclusion, patients were randomized to a single dose of 12 ml/kg FFP or no FFP transfusion
before a scheduled intervention. The FFP was quarantine plasma manufactured by
Sanquin, the Dutch National Bloodbank. The dose of FFP was based on clinical practice and a previous study with a target of INR reduction to <1.5 [9,14]. Patients were
observed until 24 hours after the intervention for bleeding complications.
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Patient data and sample collection
Patient data were collected from the electronic patient data management system
(PDMS) and consisted of medical history, admission diagnosis, use of anticoagulant
medication and occurrence of bleeding. Disseminated intravascular coagulation
(DIC) was assessed using the ISTH DIC score, which defines overt DIC as a score of
≥5 points [15].
Blood samples were drawn from an indwelling arterial catheter at baseline and the
second sample was taken directly after FFP transfusion (but prior to the invasive
procedure). Samples were collected in sodium citrate (0.109M 3.2%) tubes. Samples were centrifuged within 30 minutes at 2000 x g for 15 mins at 18°C and subsequently 5 mins at 15000 x g also at 18°C. Supernatant was collected and stored at
-80°C until measurements were performed.
Assays
PT, INR, aPTT and levels of D-dimer and fibrinogen were all determined immediately after the sample was drawn with standard assays on an automated coagulation analyzer (Sysmex CA 7000 and all reagents, Siemens Healthcare Diagnostics,
Marburg, Germany) according to manufacturers protocols. After termination of the
study the remaining assays were performed collectively in all patients. Levels of factors II, V and VII were determined by a PT based one stage clotting assay (ACL TOP
700, Instrumentation Laboratory, USA), using recombiplastin and factor II, V and VII
deficient plasma (Instrumentation Laboratory, USA). Antithrombin was assessed by
chromogenic substrate method (Symex CA7000) with reagents and protocols of the
manufacturer.
Protein C activity was measured by a kinetic assay (Coamatic Protein C, Chromogenix, Mölndal, Sweden). Total protein S levels were determined by enzyme-linked
immunosorbent assay (ELISA) as described previously [16]. Free protein S was measured by precipitating the C4b-binding protein-bound fraction with polyethylene glycol 8000 and measuring the concentration of free protein S in the supernatant [16].
Thrombin-antithrombin (TATc), prothrombin fragment 1 + 2 (F1+2) and plasmin-α2antiplasmin complex (PAP) levels were measured using specific commercially available ELISAs according to the instruction of the manufacturer (Siemens Healthcare
Diagnostics and DRG, Marburg, Germany).
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Thrombin generation assay
The Calibrated Automated Thrombogram® assays the generation of thrombin in
clotting plasma using a microtiter plate reading fluorometer (Fluoroskan Ascent,
ThermoLab systems, Helsinki, Finland) and Thrombinoscope® software (Thrombinoscope BV, Maastricht, The Netherlands). The assay was carried out as described by
Hemker et al. [17] and the Thrombinoscope® manual. Coagulation was triggered by
recalcification in the presence of 5 pM recombinant human tissue factor (Innovin®,
Siemens Healthcare Diagnostics, Marburg, Germany), 4 μM phospholipids, and 417
μM fluorogenic substrate Z-Gly-Gly-Arg-AMC (Bachem, Bubendorf, Switzerland).
Fluorescence was monitored, and the parameters (lag time, peak thrombin, area
under the curve or endogenous thrombin potential) were calculated using the
Thrombinoscope software.
Statistics
All variables are expressed as mean (standard deviation) or median (interquartile
ranges) depending on whether distribution was normal or not. To compare groups
two group t-test or Mann-Whitney test was used. Paired data were compared using
the Wilcoxon signed rank test. A p value of less than 0.05 was considered significant.
Statistical analyses were performed with SPSS 20.0 (SPSS, Inc, Chicago, IL, USA) and
Prism Version 5.0 (Graphpad Software, San Diego, USA).

Results
Patients
In total 38 patients were randomized to FFP transfusion and all samples before and
after transfusion were available for analysis. Patients were critically ill, as reflected
by a high disease severity score (e.g. APACHE IV and SOFA score) (table 1). Half of
the patients had sepsis and more than a third had DIC. A considerable number of
patients received heparin or low molecular weight heparin treatment in a therapeutic dose, which was discontinued for at least an appropriate period prior to baseline
measurements. In 8 of 38 patients, minor bleeding complications occurred in the
first 24 hours after the intervention. None of these events required transfusion of
extra FFP or an intervention to cease bleeding.
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Table 1: Patient characteristics
FFP transfusion
n=38
General characteristics
Gender, male, % (n)
Age (years)
APACHE IV score
SOFA score
Medical condition
Liver disease, % (n)
Sepsis, % (n)
DIC, % (n)
Anticoagulation
Aspirin, % (n)
Clopidogrel, % (n)
Heparin, % (n)*
Low Molecular Weight Heparin, % (n)*
Transfusion
FFP (units)
Outcome
ICU length of stay (days)
28 day mortality, % (n)

67 (26)
64 (54-70)
107 (80-129)
12 (10-14)
16 (6)
47 (18)
45 (17)
10 (4)
3 (1)
10 (4)
23 (9)
3 (2-4)
12 (6-19)
51 (19)

Data expressed as median and interquartile ranges.
* therapeutic dose
APACHE = Acute Physiology and Chronic Health Evaluation
SOFA
= Sequential Organ Failure Assessment
DIC
= Disseminated Intravascular Coagulation
FFP
= Fresh Frozen Plasma
ICU
= Intensive Care Unit

Baseline coagulation tests in critically ill with a prolonged INR
Median INR levels at baseline were 1.8 [1.5-2.2] in all patients. As expected, median
baseline levels of coagulation factors were all reduced, with a factor II of 34% [2646], factor V of 48% [28-76] and VII level of 25% [16-38] (figure 1). Also, patients had
decreased levels of endogenous anticoagulant factors, including antithrombin (47%
[35-78]), protein C activity (33% [21-50]), as well as of levels of total protein S (51%
[36-70]) and free protein S (53% [32-75]) (figure 2). Markers of activation of coagulation TATc and F1+2 were above upper reference value at baseline (10 ug/L [5-22]
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Figure 1: Levels of individual coagulation factors at baseline and after Fresh Frozen Plasma
transfusion (12 ml/kg).

Figure 2: Levels of anticoagulant proteins before and after Fresh Frozen Plasma transfusion
(12 ml/kg).

and 370 pMol/L [113-608] respectively). Also, the fibrinolytic marker PAP was above
upper reference value at baseline (842 ug/L [322-1267]).
Effect of FFP transfusion on coagulation tests, factor levels and anticoagulants
FFP transfusion reduced median INR to 1.4 [1.3-1.6] (table 2). As expected, FFP transfusion increased median levels of coagulation factors II (44% [38-52]), V (58% [44118
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Figure 3: Thrombin generation test results before and after Fresh Frozen Plasma transfusion
(12 ml/kg).

Dotted lines indicate reference ranges.
FFP = Fresh Frozen Plasma
ETP = endogenous thrombin potential

90]) and VII (37% [28-55]). However, all factor levels remained under the lower limit
of reference values after transfusion (figure 1). Protein C, S and antithrombin levels
also increased in response to FFP transfusion (figure 2). FFP did not increase markers of coagulation, but rather reduced levels of F1+2. TATc levels were unaffected by
FFP transfusion. We also measured parameters of fibrinolysis. FFP did not affect PAP
levels, although D-dimer concentration was reduced after FFP transfusion (table 2).
The response of patients with and without bleeding complications following FFP
transfusion did not differ, with no differences in levels of factors II, V and VII and
anticoagulants antithrombin, protein C and S (data not shown).
Effect of FFP transfusion on thrombin generation
In 27 patients, paired samples were available to perform thrombin generation
tests. At baseline, patients had prolonged lag time, which is the time from start of
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Table 2: Markers of coagulation at baseline and after Fresh Frozen Plasma transfusion
(12 ml/kg).

INR
aPTT (sec)
Platelet count (*109/L)
D dimer (mg/L)
Fibrinogen (g/L)
F1+2 (pMol/L)
TATc (ug/L)
PAP (ug/L)

Before FFP
n=38
1.8 (1.5-2.2)
43 (38-52)
89 (51-183)
7.5 (2.1-11.3)
3.1 (2.1-5.2)
370 (113-608)
10 (5-22)
842 (322-1267)

After FFP
n=38
1.4 (1.3-1.6)
39 (32-46)
96 (45-158)
6.4 (3.3-11.0)
2.8 (2.3-5.4)
323 (162-480)
11 (6-22)
833 (411-1151)

p value
<0.001
<0.001
0.001
0.009
0.97
0.02
0.56
0.11

Data expressed as median (IQR)
Wilcoxon Signed Rank test.
FFP
= Fresh Frozen Plasma
INR
= International Normalized Ratio
aPTT
= Activated Partial Thromboplastin Time
F1+2
= Prothrombin Fragment 1+2
TATc
= Thrombin-antithrombin complex
PAP
= Plasmin-α2-antiplasmin complex

the assay until detection of the first thrombin (figure 3). Also, peak values and ETP
(endogenous thrombin potential) were both reduced, indicating reduced thrombin
generation, which is in line with the low individual factor levels in these patients.
Transfusion of FFP resulted in slightly increased peak values, however values were
still lower compared to the normal range, indicating a persistent hypocoagulable
profile. The other thrombin generation parameters were unaffected by FFP transfusion, with persistent prolonged lag time and time to peak and reduced ETP (figure 3).

Discussion
In the current study, we demonstrated that critically ill patients with a prolonged
INR have reduced levels of individual coagulation factors with a concurrent decrease
in levels of natural occurring anticoagulant factors. Transfusion of a fixed dose of FFP
improved individual factor levels, but also increased levels of natural anticoagulants.
Thrombin generation was impaired in these patients and only improved marginally
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in response to FFP transfusion. Thereby, FFP transfusion appears not to influence
hemostatic balance in non-bleeding patients with an increased INR.
INR is frequently used to assess bleeding risk and elevation is often a trigger to prophylactically administer FFP [18]. Indeed, we found that critically ill patients with an
increased INR have reduced levels of individual coagulation factors, as found previously [8]. These reduced levels may render them susceptible for enhanced bleeding.
Concurrently, also in line with previous reports [6], we found that levels of natural
anticoagulants antithrombin, protein C and S were reduced at the same time, hereby
suggesting an unchanged hemostatic balance. As INR does not reflect altered levels
of anticoagulants, this test poorly reflects in vivo coagulation and actual bleeding
risk. In patients with liver disease, it has been shown that INR elevation indeed fails
to predict bleeding complications [19]. In these patients, reduced levels of clotting
factors, natural anticoagulants [20] and pro- and antifibrinolytic factors [21] led to
the concept of “rebalanced hemostasis” [22]. Our results confirm this concept of
rebalanced hemostasis in non-bleeding critically ill patients with a coagulopathy.
The present study aimed to establish the effect of a standardized dose of FFP on
individual components of the coagulation system, as well as on global tests of coagulation. We demonstrated that FFP transfusion indeed reduced INR value, in line
with an increase in individual factor levels. However, all individual levels remained
under the lower limit of the reference values. Of note, the increase in factor levels
was equal in those patients experiencing bleeding after the intervention compared
to those who did not. Equally important to the concept of the ability of FFP to mitigate the risk of bleeding, is the effect of FFP on levels of anticoagulant factors. FFP
resulted in a concomitant rise of levels of natural anticoagulants antithrombin, protein C and S. Data on the effect of FFP on the hemostatic balance in non-bleeding
critically ill patients are scarce. A frequently referenced study investigating factor
levels after FFP transfusion in the critically ill showed decreased levels of all factors
and small increments after FFP transfusion [8]. However, in this study, different doses
of FFP were used in small patients groups and anticoagulant factor levels were not
assessed, rendering the net effect of FFP on hemostatic balance unknown. In a study
in critically ill neonates, prophylactic FFP transfusion resulted in similar results to
ours, with increased coagulation factor levels but also levels of anticoagulants [23].
In our study, levels of F1+2 were slightly reduced and TATc levels were unaffected by
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FFP administration, contradicting enhanced thrombin generation as a result of FFP
transfusion and suggesting that hemostatic balance is unaltered by FFP. Of note, in
line with the concept of “rebalanced hemostasis”, the paradigm on the use of FFP in
liver failure patients has also shifted and liver transplantations are increasingly performed without any transfusion despite increased INR values [24]. Taken together,
administration of FFP supplies both pro-coagulant and anti-coagulant coagulation
factors, resulting in an unchanged hemostatic balance. Despite INR correction, any
change to a more pro-coagulant state following FFP transfusion is highly limited.
Results of thrombin generation tests in our patients varied widely, but predominantly showed a hypocoagulable profile. Reduced levels of individual coagulation
factors, in particular factor VII, probably contributed to a delay in initial thrombin
generation, resulting in increasing lag time and time to thrombin peak. In addition,
low thrombin peak and ETP values indicate reduced overall thrombin generation.
These results are in line with those previously reported in sepsis patients [6,25]. FFP
transfusion resulted in only marginally increased peak values and did not affect ETP
values, indicating a very limited effect of FFP transfusion on thrombin generation in
our patients. In line with this, in a study similar to this one performed in critically ill
neonates, prophylactic FFP transfusion was demonstrated to even attenuate thrombin formation, which was thought to be due to increased levels of anticoagulants
following FFP [23]. We did not perform thrombin generation assays with the addition of thrombomodulin or activated protein C, which is a limitation of our study. In
patients undergoing liver transplantation, thrombin generation was preserved after
addition of thrombomodulin hereby demonstrating a defective endogenous anticoagulant system. Indeed these patients had reduced levels of antithrombin and
protein C and S [20]. Of note, levels of antithrombin, protein C and S were reduced
to a similar extent in our patients. Therefore, the observed hypocoagulable profiles
in thrombin generation assays do not preclude a preserved hemostatic balance, as
stated previously.
Our study has several other limitations. First, our group size was relatively small.
However, patient characteristics correspond well with those of patients with a
coagulopathy in a large prospective cohort study in mixed medical/surgical ICUs
[1], supporting the generalizability of our results. Second, the dose of FFP was chosen aiming to reduce INR to <1.5 and to not fully correct INR [13]. The observed
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limited increment in coagulation factor levels could have been calculated beforehand and higher dose of FFP than 12 ml/kg would have been required to normalize
factor levels. However, transfusion with higher doses of FFP is not current practice
[2,18,26,27], moreover audits have revealed that a substantial number of patients is
transfused with a dose less than 10 ml/kg [14,28]. As transfusion with doses of FFP
used in this study reflect current practice, we think that results are relevant to the
practicing physician.

Conclusion
Critically ill patients with increased INR display a hypocoagulable state with impaired
thrombin generation. Prophylactic FFP transfusion resulted in an increase, but not in
correction, of individual coagulation factors with a concomitant increase in levels of
anticoagulants. In addition effect on thrombin generation was highly limited, hereby
the net hemostatic balance remained unchanged after FFP transfusion. These results
underline the lack of rationale to administer FFP to non-bleeding ICU patients with
a coagulopathy.
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Abstract
Introduction: Increased INR values have a high prevalence among critically ill patients
and are often a trigger to administer Fresh Frozen Plasma (FFP). However, ability of
INR to accurately reflect hemostasis is limited. In contrast to INR, rotational thromboelastometry (ROTEM) assesses whole clot formation and degradation.
Aim: Assessing correlation of ROTEM with conventional hemostatic tests in critically
ill patients with a coagulopathy and evaluating the response of thromboelastometry
variables to a prophylactic transfusion of a fixed dose of FFP in these patients.
Methods: In a sub-study of a prospective trial evaluating the efficacy of FFP to prevent bleeding, ROTEM assays were performed in 16 critically ill patients with a prolonged INR (1.5-3.0) before and after transfusion of a fixed dose of FFP (12 ml/kg).
Results: At baseline, only INTEM CFT was prolonged to 133 (51-162), while all other
variables were within reference ranges. INR showed weak correlation with INTEM
CFT, and was not correlated with EXTEM CFT. In patients with disseminated intravascular coagulation (DIC), EXTEM CFT was increased (218 sec (154-409) vs. 60 sec
(38-165), p=0.007), whereas alpha (55° (44-65) vs. 79° (70-83), p=0.003) and MCF
(47 mm (36-49) vs. 65 mm (55-77), p=0.01) were decreased compared to those without DIC, indicative of a hypocoagulable state. Also, CFT, MCF and alpha correlated
well with platelet count, fibrinogen and factor II levels, as well as with DIC score.
EXTEM CFT, alpha and MCF had high accuracy in discriminating patients with and
without DIC. Transfusion of FFP decreased EXTEM CT (70 (46-94) before vs. (58 (4682) after FFP, p=0.04) and MCF (51 mm (43-65) before FFP vs. 55 (47-75) after FFP,
p=0.04) and decreased FIBTEM CT (66 sec (50-96) before vs. 49 (40-66) after FFP,
p=0.01).
Conclusion: ROTEM parameters were mostly within reference ranges and correlated
only modestly with INR, but did correlate with platelet count, fibrinogen and factor
II levels. Patients with DIC had more hypocoagulable profiles and ROTEM could be
useful to diagnose DIC. Transfusion of FFP improved EXTEM CT and MCF.
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Background
Coagulopathy, defined as prolonged prothrombin time (PT) or increased International Normalized Ratio (INR), has a high prevalence in critically ill patients [1]. Audits
of transfusion practice show that clinicians consider increased INR and PT values
as indicators of increased bleeding risk and thereby they are an important trigger
to transfuse Fresh Frozen Plasma (FFP), in particular in patients undergoing invasive procedures [2,3]. However, despite the widespread use of INR and PT to detect
coagulopathy, these tests do not accurately reflect in vivo hemostatic potential [4],
which may be due to the fact that only a part of the coagulation cascade is assessed.
Essential contributors to hemostasis, such as platelet count and levels of endogenous anticoagulants, both of which are often decreased in the critically ill, are not
accounted for [5,6].
An important cause of abnormal coagulation test results in critically ill patients is the
presence of disseminated intravascular coagulation (DIC). The clinical picture of DIC
ranges from severe consumption coagulopathy with increased bleeding tendency to
a prothrombotic state with (micro)vascular thrombosis. Conventional coagulation
tests lack the ability to discriminate between these profiles.
Ideally, a test to assess bleeding risk in the critically ill should take into account
all factors contributing to hemostasis and be readily available for clinicians caring
for these patients. In recent years there has been a growing interest in rotational
thromboelastometry (ROTEM), a point of care test evaluating whole clot formation
and degradation. Use of ROTEM was shown to reduce the amount of transfusions
in cardiac surgery [7] and ROTEM may also be of use to detect DIC in the critically
ill [8,9]. Therefore we aimed to study the correlation of thromboelastometry with
other hemostatic tests and ISTH DIC score in critically ill patients with a coagulopathy. Also, the effect of transfusion of prophylactic FFP on ROTEM parameters in nonbleeding patients has not been evaluated before. As a substudy of a trial evaluating
efficacy of prophylactic FFP in coagulopathic patients prior to undergoing an intervention, the response of thromboelastometry variables to a fixed dose of FFP was
investigated.
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Methods
Setting and patients
The study was performed as a predefined post-hoc substudy of a randomized clinical trial on the efficacy of prophylactic FFP in critically ill patients with a coagulopathy [10]. Patients were either randomized to receive or not to receive 12 ml/kg of
FFP transfusion before an intervention. Patients were eligible if INR was ≥1.5 and
≤3.0 and an intervention was scheduled. Defined invasive procedures were insertion of a central venous catheter, thoracocentesis, percutaneous tracheotomy or
drainage of abscess or fluid collection. Patients randomized to FFP transfusion were
included in the current study. Patients with clinically overt bleeding or with a thrombocytopenia <30 x 109/L were excluded from participation. Patients using platelet
aggregation inhibitors, low molecular weight heparin in a therapeutic dose, vitamin
K antagonists, activated protein C or prothrombin complex concentrates were also
excluded. Patients treated with heparin were eligible if medication was discontinued for an appropriate period.
The study was conducted in a mixed-medical surgical ICU in a university hospital,
the Academic Medical Center in Amsterdam, the Netherlands in accordance with
the Declaration of Helsinki. The protocol was approved by our Institutional Review
Board. Written informed consent was obtained from patients or legal representative
before entry in the study.
Data collection
Baseline data included demographics, admission reason, APACHE IV and SOFA score
and previous medical history. DIC was assessed using the ISTH DIC score, which
defines DIC as a score of ≥5 points [11]. Blood samples were drawn just prior to FFP
transfusion and immediately after FFP transfusion.
Coagulation assays
Routine coagulation tests included INR, aPTT, fibrinogen, d-dimer levels (Sysmex
CA 7000 and all reagents, Siemens Healthcare Diagnostics, Germany) and platelet
count. In addition, levels of coagulation factors II, V and VII were assessed using
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a one stage clotting assay according to manufacturers instruction (ACL TOP 700,
Instrumentation Laboratory, USA).
Antithrombin was assessed by chromogenic substrate method (Sysmex CA 7000,
Siemens Healthcare Diagnostics, Germany) with reagents and protocols of the manufacturer. Plasmin-α2-antiplasmin complex (PAP) levels were measured using specific commercially available ELISAs according to the instruction of the manufacturer
(Siemens Healthcare Diagnostics, Germany). Protein C activity was assessed by a
kinetic assay (Coamatic Protein C, Chromogenix, Mölndal, Sweden) and protein S
levels were determined by ELISA, as described previously [12]. All tests were carried
out before and directly after FFP transfusion.
ROTEM measurements
Using ROTEM (Tem International, Munich, Germany), three separate assays were
carried out, including EXTEM to assess tissue factor-initiated coagulation, INTEM to
assess the intrinsic pathway and FIBTEM to qualitatively assess fibrinogen status. For
EXTEM, 20 μL of 0.2 mol/L CaCl2 (star-tem®) and 20 μL of recombinant tissue factor
(r EXTEM®) were added to a test vial, subsequently 300 μL of the citrated blood sample was added. For the INTEM test 20 μL of 0.2 mol/L CaCl2 (star-tem®), 20 μL of partial thromboplastin made of rabbit brain (in-tem®) and 300 μL of blood were added
to the test cuvette. FIBTEM test was carried out by adding 20 μL of recombinant
human tissue factor (r EXTEM®), 20 μL of platelet inactivating cytochalasin D solution 0.2 mol/L CaCl2 and 300 μL of the blood sample to the test vial. The electronic
pipette program guided all test steps. For INTEM and EXTEM clotting time (CT), clot
formation time (CFT), clot firmness (MCF), alpha angle and maximum lysis (ML) were
recorded. For the FIBTEM assay CT and MCF were recorded. All treating physicians
were blinded for ROTEM results.
Statistical analysis
All variables are expressed as median (interquartile ranges). To compare groups
Mann Whitney was used for independent variables and Wilcoxon signed rank test
was used for paired data. Fisher’s exact test was used for comparisons in crosstabs. Correlations were assessed using Spearman’s rho. To assess value of ROTEM
variables to diagnose DIC, receiver operating characteristic (ROC) curves were used.
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Results are given as area under the curve (AUC) and 95% confidence interval (CI). In
addition optimal cut-off values ad odds ratio’s were calculated for each parameter.
A p value less than 0.05 was considered significant. Statistical analyses were performed with SPSS 20.0 (SPSS Inc., Chicago, USA) and Prism Version 5.0 (Graphpad
Software, San Diego, USA).

Results
Patients
Of the 16 included patients (table 1), the majority was admitted to the ICU due to
sepsis. Accordingly, patients were ill, as reflected by high disease severity scores.
Eight patients fulfilled criteria for overt DIC, with a median platelet count of 69 x
109/L. Median levels of natural anticoagulants antithrombin, protein C and S were
reduced. Most patients underwent central venous catheterization and minor bleeding occurred after six interventions, including hematoma requiring prolonged pressure, suture or application of spongostan. No major bleedings were observed.
Thromboelastometry and assessment of coagulation status
Baseline thromboelastometry results are depicted in figure 1. With the exception of
INTEM CFT, which was prolonged, all median variables were within manufacturers
reference values. However, EXTEM CFT was at the upper reference limit. In addition,
both median INTEM and EXTEM MCF were on the lower reference range, indicating
a tendency to hypocoagulability.
Baseline CT for both INTEM and EXTEM did not correlate with INR, nor did EXTEM
CFT, while INTEM CFT showed moderate positive correlation with INR. Both INTEM
and EXTEM CFT correlated positively with aPTT (tables 2a and 2b). CFT, alpha and
MCF (INTEM and EXTEM) correlated well with platelet count, fibrinogen and factor
II levels. Other factor levels did not correlate with ROTEM variables (tables 2a and
2b). Lysis indexes did not correlate with markers of fibrinolysis such as D-dimer and
plasmin-antiplasmin levels (data not shown).
ROTEM parameters did not differ between patients with and without bleeding (data
not shown).
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Table 1: Characteristics of critically ill patients with a coagulopathy prior to receiving prophylactic FFP for an intervention.
n = 16
General characteristics
Gender, male, % (n)
Age (years)
APACHE IV score
SOFA score
Medical condition
Liver disease, % (n)
Sepsis, % (n)
DIC, % (n)
Coagulation
INR
aPTT (sec)
Platelet count x109/L
Fibrinogen (g/L)
Antithrombin (%)
Protein C (%)
Total protein S (%)
Intervention
Central venous catheter, % (n)
Chest tube, % (n)
Tracheotomy, % (n)
Abdominal drain, % (n)
Outcome
Occurrence of bleeding, % (n)*

63 (10)
58 (46-69)
115 (81-136)
14 (8-16)
25 (4)
56 (9)
50 (8)
1.60 (1.54-2.12)
40 (35-47)
69 (49-177)
2.60 (1.95-4.80)
54 (38-68)
34 (22-53)
47 (39-72)
69 (11)
13 (2)
13 (2)
6 (1)
38 (6)

Data expressed as median and interquartile ranges.
*Assessed using a tool validated in critically ill (HEME)[24]
APACHE = Acute Physiology and Chronic Health Evaluation
SOFA
= Sequential Organ Failure Assessment
DIC
= Disseminated Intravascular Coagulation
aPTT
= Activated Partial Thromboplastin Time
INR
= International Normalized Ratio

Thromboelastometry in patients with disseminated intravascular coagulation
In patients with DIC, thromboelastometry profiles were more hypocoagulable compared to those without DIC (figure 2). Also, prolonged CFT and reduced alpha and
MCF were significantly associated with DIC score (tables 2a and 2b). Although the
proportion of patients with DIC that had EXTEM test results outside manufacturers
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Figure 1: ROTEM EXTEM variables before and after Fresh Frozen Plasma transfusion (12 ml/
kg). Dotted lines indicate reference ranges.

FFP
CT
CFT
MCF

= Fresh Frozen Plasma
= clotting time
= clot formation time
= maximum clot firmness

reference range did not differ from those without DIC (p=0.12), a ROC curve analysis
was performed to investigate the value of these variables for the diagnosis of DIC.
ROC curves for EXTEM CFT, alpha and MCF are shown in figure 3. Comparison of
EXTEM CFT, alpha and MCF in patients with and without DIC showed all three variables were capable of detecting differences between these groups with high accuracy (table 3).
Response of thromboelastometry variables to transfusion with FFP
Transfusion with 12 ml/kg FFP reduced median EXTEM CT and improved median
EXTEM MCF, indicating enhanced coagulation. However, in most patients, variables
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Figure 2: ROTEM EXTEM variables before and after Fresh Frozen Plasma transfusion (12 ml/
kg) in patients with and without disseminated intravascular coagulation.

FFP
DIC
CT
CFT
MCF

= Fresh Frozen Plasma
= Disseminated intravascular coagulation
= clotting time
= clot formation time
= maximum clot firmness

only changed marginally after FFP transfusion (figure 1). FIBTEM MCF was unaffected
by FFP transfusion and the same applied for the INTEM variables (CT: 183 (175-218)
before vs. 175 (159-197) after FFP (p=0.40), CFT: 133 (51-162) before vs. 115 (60-140)
after FFP (p=0.33), alpha: 74 (63-80) before vs. 72 (68-78) after FFP (p=0.63) and
MCF: 52 (43-70) before vs. 55 (49-69) after FFP (p=0.19)). The effect of FFP transfusion did not differ among patients with or without DIC (figure 2).
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Table 2a: Correlation of INTEM ROTEM variables with coagulation tests at baseline.
INR
aPTT (sec)
Platelet count (x109/L)
Factor II (%)
Factor V (%)
Factor VII (%)
Fibrinogen (g/L)
DIC score

CT
0.174
0.430
-0.270
-0.609*
-0.319
-0.187
-0.498
0.452

CFT
0.538*
0.646*
-0.908**
-0.785**
-0.187
-0.451
-0.769**
0.802**

Alpha
NA
NA
0.725**
0.839**
0.187
0.487
0.865**
-0.918**

MCF
NA
NA
0.811**
0.794**
0.279
0.389
0.665**
-0.636*

Table 2b: Correlation of EXTEM ROTEM variables with coagulation tests at baseline.
INR
aPTT (sec)
Platelet count (x109/L)
Factor II (%)
Factor V (%)
Factor VII (%)
Fibrinogen (g/L)
DIC score

CT
-0.022
0.318
-0.487
-0.412
-0.146
-0.062
-0.233
0.271

CFT
0.369
0.548*
-0.833**
-0.689**
-0.190
-0.306
-0.743**
0.796**

Alpha
NA
NA
0.818**
0.732**
0.259
0.373
0.765**
-0.860**

MCF
NA
NA
0.613*
0.513*
0.018
0.484
0.724**
-0.790**

*p<0.05
**p<0.01
INR = International normalized ratio
aPTT = activated partial thromboplastin time
DIC = disseminated intravascular coagulation
CT = clotting time
CFT = clot formation time
MCF = maximum clot firmness
NA = not applicable
Table 3: Results of Receiver Operating Characteristics curve analysis for EXTEM variables in
patients with and without disseminated intravascular coagulation.

CFT
alpha
MCF

AUC

95% CI

p value

0.906
0.945
0.883

0.757-1.056
0.841-1.050
0.688-1.078

<0.01
<0.01
0.01

CFT = clot formation time
MCF = maximum clot firmness
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Sensitivity Specificity Likelihood
ratio
>105 sec
100%
75%
3.0
<67°
88%
88%
7.0
<51 mm
88%
88%
7.0
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Figure 3: Receiver operating characteristics curves for EXTEM clot formation time, alpha and
maximum clot firmness for the diagnosis of disseminated intravascular coagulation in critically ill patients with coagulopathy.

CFT = clot formation time
MCF = maximum clot firmness

Discussion
The current study demonstrates that most ROTEM variables are within reference
values in critically ill patients with an increased INR. Correlation with the widely
used INR is moderate, while ROTEM correlates well with factor II, platelet count and
fibrinogen. ROTEM profiles are more hypocoagulable in patients with DIC compared
to those without DIC and CFT, alpha and MCF correlate strongly with DIC score.
Prophylactic transfusion of FFP slightly improved ROTEM EXTEM results and FIBTEM
CFT.
In the present study, ROTEM measurements were done in severely ill patients with
increased INR values. Thromboelastometry results were heterogeneous ranging
from hyper- to hypocoagulable profiles, as shown before in ICU patients [13]. However for the whole cohort, most results were within reference ranges, which is in line
with reports from patients with severe sepsis [6,14]. Thereby, it can be questioned
whether reference values as validated in healthy volunteers for a single outcome
should be used to diagnose hypo- or hypercoagulability in the critically ill, or rather
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that new reference values should be formulated for specific profiles by combining
several ROTEM values.
We assessed the correlation of ROTEM with conventional coagulation tests and individual factor levels. INR values increase when levels of factor II, VII, IX and X are
reduced and a reduction of these factors would result in concomitant prolonged
coagulation times in the ROTEM assay, as was observed in patients with sepsis [15].
Indeed, INTEM CFT was prolonged and EXTEM CFT was at the upper reference limit
in our patients. However, correlation between INR values and ROTEM was only
seen in the INTEM assay and not in the EXTEM, as reported previously [16]. A possible explanation for this observation could be that compared to activation of the
intrinsic pathway, EXTEM is less standardized due to the use of tissue factor [17].
This has led to the recommendation to use INTEM for patients with known bleeding
diathesis [18]. Of note, correlation with INR was only modest. A stronger correlation
was found between CFT, alpha and MCF with fibrinogen, factor II levels and platelet
count in our patients, which is in line with recent reports in surgical patients [16] and
sepsis patients [14]. Hereby, ROTEM could provide valuable information on different
components of the coagulation system in a bedside manner, abating the need to
perform different assays.
Half of the patients in the current study had overt DIC. Compared to patients without DIC, ROTEM CFT was prolonged and alpha and MCF were reduced, indicative of
a more hypocoagulable profile. Also, ROTEM correlated highly with the DIC score.
Comparable observations have been reported in sepsis patients [6,8]. Similar to our
findings, the combination of CFT, alpha and MCF values was able to discriminate
between patients with and without DIC [8]. This suggests that ROTEM could be a
useful diagnostic test for DIC [19]. Further research is warranted enabling development of a thromboelastographic DIC score for critically ill with appropriate reference values.
Transfusion with a fixed dose of FFP reduced CT in EXTEM and FIBTEM and increased
MCF in EXTEM, whereas INTEM variables remained unaffected. Although FFP is
widely used to correct coagulopathy in critically ill patients [1], effect of this practice on coagulation parameters is limited. An increase in individual factor levels
and decrease of INR following FFP transfusion has been demonstrated in different
patient groups [20-22], however to our best knowledge this is the first report of the
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effect of FFP on thromboelastometric variables. Of note, observed increments in
this study were only small and the clinical significance of the observed improvement
is doubtful.
Our study has several limitations. First, group size is relatively small, although patient
characteristics correspond well with those of larger cohort studies on thromboelastometry in the ICU [13], supporting the generalizability of our results on correlation
between ROTEM and other hemostatic tests. However, although we found no differences in ROTEM parameters between patients with and without bleeding following
an intervention, assessment of the ability of ROTEM to predict bleeding complications requires a larger sample size. Another limitation is test precision of ROTEM,
which is a subject of debate with reported high coefficients of variance [23]. However, in order to limit variation as much as possible, all tests were carried out on the
same device by only two experienced researchers.

Conclusion
In critically ill patients with a coagulopathy, ROTEM parameters were mostly within
manufacturers reference ranges. Correlation with INR was moderate, but CFT, alpha
and MCF correlated well with platelet count and levels of factor II and fibrinogen, as
well as with DIC score. Also, EXTEM variables showed high accuracy in discriminating
patients with and without DIC. Thereby, ROTEM may be a useful tool in diagnosing
DIC in the critically ill. Transfusion of FFP resulted in improved EXTEM CT and MCF
and reduced CT in FIBTEM.
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Abstract
Much controversy exists on the effect of a fresh frozen plasma (FFP) transfusion on
systemic inflammation and endothelial damage. Adverse effects of FFP have been
well described, including acute lung injury. However, it is also suggested that a higher
amount of FFP decreases mortality in trauma patients requiring a massive transfusion. Furthermore, FFP has an endothelial stabilizing effect in experimental models.
In 38 coagulopathic non-bleeding critically ill patients receiving a prophylactic transfusion of FFP (12 ml/kg) prior to an invasive procedure, we measured inflammatory cytokines and markers of endothelial condition before and after transfusion.
At baseline, systemic cytokine levels were mildly elevated in critically ill patients.
Surprisingly, FFP transfusion resulted in a decrease of TNF-α (from 11.3 to 2.3 pg/ml,
p=0.01). Other cytokines were not affected. FFP also resulted in a decrease in systemic syndecan-1 levels from 675 to 565 pg/ml (p=0.01) and a decrease in median
factor VIII levels (from 246 to 246%, p<0.01), suggestive of an improved endothelial
condition. This was associated with an increase in ADAMTS13 levels (from 24 to
32%, p<0.01), with a concomitant decrease in von Willebrandfactor (vWF)(from 474
to 423%, p<0.01), In conclusion, a fixed dose of FFP transfusion seems to stabilize
endothelial condition, possibly by increasing ADAMTS13 which cleaves vWF.
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Introduction
Substantial amounts of Fresh Frozen Plasma (FFP) are utilized in the intensive care
unit (ICU)[1,2]. FFP is effective in correcting clotting factor deficiencies [3] and is
therefore transfused in patients with active bleeding, but also frequently in patients
with abnormal coagulation tests to prevent bleeding [2,4]. In sepsis patients, FFP
transfusion rates of up to 57% have been reported [5]. However, there is an association between FFP transfusion and adverse outcome in the critically ill, including
transfusion-related acute lung injury (TRALI) [4,6-8], transfusion-related circulatory
overload [9,10], multi-organ failure [8,11] and an increased risk of infections [12].
Although not entirely understood, the pathological mechanisms underlying the
association between FFP transfusion and lung injury is thought to result from an
inflammatory response including a neutrophil influx into the lungs and elevated
pulmonary levels of IL-8 and IL-1, as demonstrated in TRALI patients [13,14]. In line
with this, FFP increased expression of endothelial adhesion molecules in human
pulmonary endothelial cells [15]. Together, these data suggest that endothelial cell
activation and disruption may be an early event following lung injury due to transfusion [16].
On the other hand, FFP also seems to have protective effects. In trauma patients
requiring a massive transfusion, it is suggested that resuscitation with a higher ratio
of FFP to red blood cell units decreases mortality [17,18]. Of interest, this decreased
mortality is irrespective of correction of coagulopathy by restoring coagulation factor levels [18,19]. Instead, a beneficial effect of FFP may be related to the restoration
of injured endothelium. Patients in hemorrhagic shock have a disrupted endothelial
integrity and glycocalix layer, with decreased syndecan-1 expression [20]. Syndecan-1 is a proteoglycan on the luminal surface of endothelial cells which inhibits leukocyte adhesion and is shed during endothelial damage, resulting in increased levels
of syndecan-1 in the systemic compartment [21]. In a hemorrhagic shock model, FFP
was found to improve endothelial integrity, associated with increased expression of
syndecan-1 on endothelial cells [22].
Vascular integrity is also disrupted in various populations of critically ill patients,
as demonstrated by increased levels of syndecan-1 [23,24]. The effect of a transfusion of a fixed dose of FFP on endothelial and cytokine host response in patients is
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not known. In a study investigating the risk-benefit ratio of FFP transfusion in nonbleeding critically ill patients with a coagulopathy, we investigated host response to
a fixed dose of FFP transfusion.

Methods
Study design
This was a predefined post-hoc sub-study of a multicenter trial in which non-bleeding
critically ill patients with an increased International Normalized Ratio (INR 1.5-3.0)
were randomized between May 2010 and June 2013 to omitting or administering
a prophylactic transfusion of FFP (12 ml/kg) prior to an invasive procedure. Only
patients randomized to receive FFP were included in this sub-study. Patients were
enrolled at 3 sites in The Netherlands: two university hospitals (Academic Medical
Center, Amsterdam and Leiden University Medical Center, Leiden) and one large
teaching hospital (Tergooi Ziekenhuizen, Hilversum). The Institutional Review Board
of the Academic Medical Center - University of Amsterdam, Amsterdam, The Netherlands, approved the study protocol. Before entry in the study, written informed
consent was obtained from the patient or legal representative in accordance with
the Declaration of Helsinki. The study protocol was registered with trial identification numbers NTR2262 and NCT01143909 [25].
Exclusion criteria were clinically overt bleeding, thrombocytopenia of <30 x 109/L,
treatment with vitamin K antagonists, activated protein C, abciximab, tirofiban,
ticlopidine or prothrombin complex concentrates and a history of congenital or
acquired coagulation factor deficiency or bleeding diathesis. Patients treated with
low molecular weight heparin (LMWH) or heparin in therapeutic dose were eligible
if medication was discontinued for an appropriate period. Sepsis was defined by the
Bone criteria [26]. Disseminated intravascular coagulation (DIC) was defined by an
ISTH score of ≥5 [27]. The FFP was quarantaine plasma manufactured by Sanquin,
the Dutch National Bloodbank. As of 2007, women are deferred from donation for
preparation of FFP in the Netherlands.
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Sample collection
Citrated blood samples were drawn from an indwelling arterial catheter before and
directly after FFP transfusion. Samples were collected in sodium citrate (0.109M
3.2%) tubes and were centrifuged twice within 30 minutes: first 15 minutes at 2000
x g and then 5 mins at 15000 x g, both at 18°C. Supernatant was collected and stored
at -80°C.
Assays
Tumor necrosis factor-α (TNF- α) levels were measured by enzyme-linked immunosorbent assay (ELISA), according to instructions of the manufacturer (R&D Systems
Inc., Minneapolis, MN, USA). Serum levels of IL–1β, IL–1RA, IL–8, IL–10, Macrophage
Inflammatory Proteins (MIP)-1A, Monocyte Chemotactic Protein (MCP)–1 and soluble CD40 ligand were determined by Luminex, according to instructions of the
manufacturer (Merck Millipore Chemicals BV; Amsterdam; the Netherlands). When
less than 50 beads were measured by the Luminex assay, samples were excluded
from further analysis. Von Willebrand Factor (VWF) antigen (VWF:Ag) levels were
determined with an in-house enzyme-linked immunosorbent assay (ELISA) assay
using commercially available polyclonal antibodies against VWF (DAKO, Glostrup,
Denmark). ADAMTS13 antigen levels were measured using a commercially available
ELISA according to the manufacturer’s instructions (Sekisui Diagnostics, Stamford,
CT) and ADAMTS13 activity was assessed using the FRETS-VWF73 assay (Peptanova,
Sandhausen, Germany) based on the method described by Kokame et al. [28].
Statistical analysis
Variables are expressed as medians and interquartile ranges or means and standard
deviations. For comparisons, a paired t-test was used, or in case of not normally distributed data the Wilcoxon signed rank test. Statistical uncertainties are expressed
in 95% confidence limits, with a significance level of 0.05. For the analyses, we used
SPSS 20 and Graphpad Prism 5.
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Results
Patients
From 38 patients receiving FFP, paired samples from 33 patients were available for
analysis before and after FFP transfusion. Patients were ill, as reflected by a high
disease severity score and half of the patients had sepsis (table 1). Patients received
a mean dosage of 11.2 (2.8) ml/kg FFP.
Inflammatory cytokine and chemokine levels before and after transfusion of
12 ml/kg FFP
At baseline, levels of cytokines were mildly elevated in this cohort. After FFP transfusion, median TNF-α decreased (p=0.01, table 2). Levels of all other cytokines were
not affected by FFP transfusion. Chemokine levels IL-8 and MCP1 were elevated at
baseline but also not influenced by FFP transfusion. Levels of soluble CD40L, which
has been implicated as a mediator in TRALI [29], were also not significantly altered
by FFP transfusion.
Parameters of endothelial condition before and after transfusion of 12 ml/kg FFP
After FFP transfusion, levels of ADAMTS13 increased (p<0.01, figure 1). This increase
was accompanied by a decrease in VWF (p<0.01) and in levels of syndecan-1.
Factor VIII levels were slightly decreased following FFP transfusion (p=0.01).

Discussion
Our patients had mildly elevated levels of inflammatory cytokines at baseline, which
corresponds to levels measured before in critically ill patients [30]. We observed
no aggravation of this inflammatory response after FFP transfusion. Rather, there
was a decrease in TNF-α level. This is not in line with a study in which FFP elicited
an inflammatory response in endothelial cells [31], nor with an in vitro model of
transfusion, in which whole blood incubated with FFP induced TNF production [32].
Of the cytokines we measured, only TNF-α changed after FFP transfusion. As TNF-α
is known to be the quickest responder among all cytokines, we may have timed
our measurement too early after FFP transfusion to note an effect of FFP on other
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Table 1: Patient characteristics
FFP transfusion
n=33
General characteristics
Gender, male, % (n)
Age (years)
APACHE IV score
SOFA score
Medical history
Pulmonary disease, % (n)
Liver disease, % (n)
Cardiac failure, % (n)
Medical condition 24 hours before transfusion
Mechanical ventilation, % (n)
Sepsis, % (n)
Disseminated intravascular coagulation, % (n)

64 (21)
61 (50-70)
96 (79-128)
11 (10-14)
8 (3)
16 (6)
16 (6)
82 (27)
45 (15)
49 (16)

Data expressed as median and interquartile ranges
Table 2: Inflammatory cytokines in critically ill patients with a coagulopathy before and
after a transfusion of fresh frozen plasma (12 ml/kg)
Before FFP
pro-inflammatory parameters (pg/ml)
TNF-α
11.3 (2.3 – 52.3)
IL1-β
15.0 (11.7 – 18.8)
IL-8
178 (124 – 418)
MCP1
1255 (503 – 3376)
MIP1A
19.6 (15.7 – 33.6)
sCD40L
409 (257 – 614)
anti-inflammatory parameters (pg/ml)
IL-1RA
69.3 (52.1 – 110.6)
IL-10
36.1 (15.5 – 100.1)

After FFP

p value

2.3 (2.3 – 41.0)
14.4 (13.1 – 23.3)
187 (113 – 412)
1101 (434 – 5802)
19.1 (13.3 – 34.4)
324(216 – 537)

0.01
0.97
0.23
0.89
0.12
0.08

73.5 (47.8 – 104.9)
31.5 (14.8 – 279.6)

0.11
0.62

Data expressed as median (IQR)
FFP = Fresh Frozen Plasma

cytokine levels. However, lung injury following transfusion is thought to be an early
event. Also, we choose this early time point to minimize confounding by other factors. Taken together, FFP does not appear to elicit an early inflammatory response.
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Figure 1: Effect of fresh frozen plasma transfusion (12 ml/kg) on markers of endothelial condition: ADAMTS13, Von Willebrandfactor, Factor VIII and Syndecan-1.

vWF = von Willebrandfactor
FVIII = Factor VIII
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Of interest, recent in vitro studies support an endothelial stabilizing role of FFP, as
FFP reduced vascular endothelial cell permeability [22,33] and decreased expression of endothelial adhesion markers [34] and endothelial white blood cell binding
[22,34,35]. Effects of FFP were investigated in a rat hemorrhagic shock model, characterized by systemic shedding of syndecan-1, decreased syndecan-1 expression
on pulmonary cells and increased pulmonary vascular permeability. Syndecan-1 is
a proteoglycan on the luminal surface of endothelial cells which inhibits leukocyte
adhesion during inflammation and is shed in case of endothelial damage [21]. Resuscitation with FFP was found to abrogate these effects, whereas resuscitation with
crystalloids did not [22], associated with preservation of the endothelial glycocalyx
[36] and improvement of lung injury [37].
In trauma patients with hemorrhagic shock, syndecan-1 levels are also increased
[20]. Studies of the effect of FFP on endothelial condition in patients are however
lacking. Of note, recent evidence in trauma patients requiring a massive transfusion suggests that more and earlier administration of FFP decreases mortality
[17,18,38,39]. This effect was not associated with improved coagulation ability, as
the reduction in mortality in their study was irrespective of the admission INR [18]
and coagulopathy does not seem to improve with higher amounts of FFP [19]. Given
that FFP restores coagulation factors but also anti-coagulant proteins and that the
net effect on hemostasis is unclear, FFP may exert protection via other mechanisms.
This study found that FFP decreased levels of syndecan-1, associated with decreased
levels of factor VIII, the latter which may also reflect improved endothelial condition. These results support earlier experimental work indicating that FFP preserves
endothelial integrity.
The mechanism underlying this beneficial effect of FFP has not yet been described.
We found that FFP transfusion was associated with an increase in ADAMTS13 and a
decrease in vWF. Thereby, ADAMTS13 may have increased the ability to cleave large
vWF multimers present on the activated endothelium. As large vWF multimers damage the endothelium, this effect may have preserved endothelial condition. This is
also the rationale behind the treatment of thrombotic thrombocytopenic purpura
by therapeutic plasma exchange.
A protective effect of FFP on the endothelium is in apparent contrast with studies
that have linked FFP to the occurrence of TRALI [4,6-8]. In an effort to reconcile
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these findings, we suggest that FFP associated with TRALI occurs as a result of an
antibody-mediated pathogenesis. Indeed, efforts to reduce antibody positive blood
products by male only policies, are associated with a significant reduction in TRALI
[40]. In patients in whom transfusion is associated with lung injury in the absence of
antibodies, other products such as red blood cells and platelets may be more important in inducing lung injury. Although dissecting these effects in multiple transfused
patients is a challenge, future research should focus on differential effects of different blood products.
This study is limited by a small and heterogeneous patient population. Thereby,
some of the effects may be caused by chance or by regression to the mean. Findings
need to be confirmed in a larger sample. Also, as mentioned, the timing of measurement may have been too early following FFP transfusion. We cannot exclude that
FFP induces a pro-inflammatory host response later in time.
In conclusion, this study is the first to describe the effect of a fixed dose of FFP transfusion in detail in critically ill patients. Results suggest that FFP stabilizes endothelial
condition.
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Abstract
Background: Prophylactic use of Fresh Frozen Plasma (FFP) to prevent bleeding in
critically ill patients with a coagulopathy is widespread practice, while evidence of
efficacy is lacking and detrimental effects of FFP in this population have clearly been
demonstrated. This has led to a call for randomized trials on the risks and benefit of
FFP in the non-bleeding critically ill patients with a coagulopathy. However, to date,
conducting a trial on this subject has not been successful. Recently a multicenter
randomized trial was stopped prematurely due to slow inclusion.
Aim: To examine clinicians’ attitude towards correction of coagulopathy with FFP
in non-bleeding critically ill patients undergoing an intervention and to assess clinicians’ opinions regarding a trial on prophylactic administration of FFP in critically ill
patients with a coagulopathy prior to undergoing an intervention.
Methods: A survey in 55 critical care physicians working at 4 intensive care departments which participated in a randomized trial on the risks and benefits of FFP in
critically ill patients.
Results: Response rate was 84%. Of all respondents, 61% stated a need to assess
International Normalized Ratio (INR) before placement of a central venous catheter.
Before insertion of a chest tube (89%) or tracheostomy (91%), nearly all respondents
indicated that INR should be assessed. Reasons to withhold transfusion of FFP to
non-bleeding critically ill patients are risk of TRALI (46%), fluid overload (39%) and
allergic reaction (24%). Although the majority of respondents expressed the opinion
that the trial was clinically relevant and had a clear protocol, up to 56% of them
indicated that one or more patient subgroups should have been excluded from participating in a trial on prophylactic administration of FFP.
Conclusion: Critical care physicians express the need for more evidence on the prophylactic use of FFP in critically ill patients with a coagulopathy. However, the majority expressed reluctance to include patients in a trial on the effectiveness of FFP due
to their personal beliefs about the preferable transfusion strategy in certain patient
categories. Results suggest that trials on FFP, at least in the Netherlands, are not
feasible.
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Background
The prevalence of coagulopathy as detected by prolonged coagulation tests in critically ill patients is high [1]. In order to prevent bleeding complications, fresh frozen
plasma (FFP) is frequently administered prophylactically to critically ill patients with
prolonged prothrombin times (PT) or elevated International Normalized Ratio (INR)
values [2-4]. However, evidence that prophylactic transfusion of FFP reduces bleeding risk in these patients is limited [5,6]. On the other hand, it has well been demonstrated that FFP transfusion in the critically ill contributes to adverse outcome [3,7].
This has resulted in a call for randomized trials evaluating the benefit of prophylactic
FFP in patients with a coagulopathy [8-12]. However, to date only small trials [13,14],
cohort studies [15] or retrospective studies have been reported [16-18].
Conducting a successful trial on the efficacy of FFP transfusion in critically ill patients
is likely to encounter several difficulties. First, critically ill patients are often not
able to give consent to participate in a trial [19] and permission from a legal representative is warranted. However, most substitute-decision makers are unaware of
patients wishes regarding research and are anxious to make a decision to participate
or not [20]. Furthermore, time is limited in decision making about participation in a
trial conducted on the Intensive Care Unit (ICU). Besides issues on informed consent
there may be factors related to clinical practice which hamper performing transfusion trials. It has been reported that clinicians have strong beliefs about the ability
of FFP to influence bleeding risk in coagulopathic patients [21-23]. Altogether, this
may have contributed to a lack of successfully conducted large randomized trials on
the effectiveness of prophylactic FFP transfusion in critically ill patients. In line with
this, results of two randomized trials have not been completed (NCT00953901) or
published [24].
We carried out a multicenter randomized clinical trial to assess risks and benefits of
FFP to prevent bleeding in coagulopathic critically ill patients undergoing an invasive
procedure (TOPIC trial) [25]. However, despite a proactive screening approach at all
trial sites, the trial was stopped early due to slow inclusion. In order to give directions that help to improve conduction and subject enrolment in future transfusion
trials, we conducted a survey among the ICU physicians who participated in this trial.
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Methods
Setting
In June 2013, a questionnaire was sent to staff physicians and fellows of the ICU
departments of two university hospitals and two large teaching hospitals in the
Netherlands just after ending enrolment of patients in the TOPIC trial. The TOPIC
trial randomized critically ill patients with a coagulopathy prior to undergoing an
intervention to administration of a fixed dose of FFP (12 ml/kg) or to no transfusion
[25]. At each research site, a local investigator was responsible for active screening
of eligible patients, and at two sites, research nurses supported the trial. Medical
staff of participating sites was informed and updated on relevant aspects of the
trial by regular presentations by the main or local investigator and a digital newsletter. All involved medical staff members were provided with pocket cards containing
essential information of the trial and for inclusion and randomization 24/7 phone
assistance was available.
Survey
The questionnaire comprised multiple-choice questions regarding the need to
assess coagulation status in non-bleeding patients, factors influencing the decision
to administer FFP, factors affecting patient inclusion, and overall evaluation of our
TOPIC trial. In addition, data on hospital setting, previous training and age of participants were collected.
Statistical analysis
Descriptive statistics were used to summarize respondents’ characteristics. Categorical data were presented in percentages and analyses were carried out with SPSS
version 20.0 (SPSS, Inc, Chicago IL, USA) and Prism version 5.0 (Graphpad Software,
San Diego, USA).

Results
A fully completed survey was obtained in 46 of 55 participants (84%). The majority
of respondents worked at an ICU in a university hospital, however other character-
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Table 1: Characteristics of respondents
N=46
Medical specialty
Medicine
Anesthesiology
Cardiology
Qualification
Critical care specialist
Fellow training in intensive care
Type of ICU
University hospital
Teaching hospital
Age
20-35 year
36-50 year
51-65 year
Sex
Male

62%
28%
10%
72%
28%
83%
17%
24%
63%
13%
65%

istics such as medical specialty and age did not differ from previously reported surveys among Dutch critical care physicians [26]. Characteristics of the respondents
are summarized in table 1.
Need to assess coagulation status
The most commonly performed invasive procedures in critically ill are placement
of a central venous catheter (CVC), a chest tube, a tracheotomy and drainage of
fluid/abscess collections. 61% of respondents indicated that INR should be assessed
before placement of a CVC. For placement of a chest tube or tracheostomy, nearly
all respondents indicated that INR should be assessed (89% and 91% respectively to
CVC). According to 75% of the respondents, there is a need to assess INR before fluid
or abscess drainage (figure 1).
Decision to administer FFP and inclusion of patients
Respondents were asked to indicate which factors determine the decision to prophylactically administer FFP prior to an invasive procedure. Reducing risk of bleeding
is the main reason to administer FFP prophylactically. However, risk of bleeding was
a concern in only a minority of respondents (15%). In addition, 60% indicated to have
no concerns about the occurrence of bleeding complications after an intervention.
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Figure 1: Percentage of respondents indicating that INR should be assessed before placement of a central venous catheter, chest tube, tracheostomy or abscess or fluid drainage.

CVC = central venous catheter
Figure 2: Factors reported by respondents to omit transfusion of fresh frozen plasma in critically ill patients with a coagulopathy needing to undergo an intervention.

TRALI = transfusion related acute lung injury
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Factors determining the decision to withhold FFP were more frequently reported.
The risk of inducing a transfusion related acute lung injury (TRALI) was the most
frequently reported factor to omit administering FFP. Participants also reported risk
of fluid overload, an allergic reaction or loss of coagulation status as a marker of
disease severity as reasons not to administer FFP before an intervention in nonbleeding critically ill patients with a coagulopathy (figure 2).
Overall evaluation of the TOPIC trial
The majority of the respondents had no objection towards the conduct of research
in incapacitated patients (76%) or intervention studies in critically ill patients (91%).
Nearly all physicians (98%) indicated that it was ethically justified to study the effect
of FFP on prevention of bleeding and correction of INR in critically ill patients. Clinicians indicated to have a need for more evidence with respect to the treatment of
coagulopathy (80%) and administration of FFP in critically ill (76%). In addition, the
majority judged the trial to be well designed with a clear protocol and 87% stated
that the chosen endpoint of the trial, major bleeding complication after an intervention, was clinically relevant.
Of respondents, 89% had no objection towards requesting informed consent of critically ill patients or relatives. However, 15% considered asking patients consent to be
complex for the TOPIC trial, moreover 24% indicated that asking consent of patients’
relatives was complex. Indeed, declined consent rate for the TOPIC trial was 25%.
Three quarters of participants indicated that the chosen range of INR (1.5-3.0) for
inclusion was appropriate. However, 30% classified a FFP dose of 12 ml/kg as too
high, whereas 11% indicated that the trial had interference with prevailing treatment protocols. In contrast to these answers, only 41% stated that the trial was
widely supported by the medical staff in their department. Furthermore, the majority of respondents had the opinion that certain patient groups should have been
excluded from the trial (table 2). Altogether, 56% of respondents indicated one or
more clinical conditions to exclude a patient from participating in the TOPIC trial.
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Table 2: Reasons to exclude a patient from participating in a trial on the effectiveness of
fresh frozen plasma.
Medical condition
Heart failure
State of fluid overload
Liver failure
Disseminated intravascular coagulation
Reduced P/F ratio

Percentage indicating that patient
should be excluded
24
33
24
33
13

P/F = PaO2 divided by the fraction of inhaled oxygen

Discussion
The current survey demonstrates that the majority of critical care physicians
requires assessment of INR before commonly performed invasive procedures in
critically ill patients. In addition, they indicated a need for more evidence regarding
the treatment of coagulopathy and administration of prophylactic FFP. Nevertheless, a randomized trial on the efficacy of prophylactic FFP transfusion, which was
judged to be ethical and well designed, was not widely supported by the medical
staff of participating centers. Moreover, the majority of physicians were reluctant to
include all patients in this trial, indicating a lack of knowledge and the presence of
strong personal beliefs regarding FFP administration in the critically ill. These personal beliefs were major contributors to a lack of sufficient inclusion in a trial on the
efficacy of prophylactic FFP transfusion.
Although the majority of respondents deemed it necessary to obtain an INR before
performing an invasive procedure in a critically ill patient, evidence supporting that
increased INR or PT values predict bleeding risk is scarce [27]. Despite the limited
value of INR to predict bleeding risk, increased values are an important trigger for
clinicians to administer FFP [21]. In the current survey, respondents indicated that
the TOPIC trial was clinically relevant. This is in line with the call in the medical community for trials on this subject [6,8]. Moreover, the design of the TOPIC trial was in
line with a proposal done by a committee of experts on clinical trial opportunities
in transfusion medicine [28]. Therefore, the TOPIC trial was expected to be widely
supported by involved physicians.
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The survey indicated several barriers for inclusion of patients in the TOPIC trial.
A general well-known problem is the difficulty of obtaining informed consent in
critically ill patients. A substantial amount of respondents indicated that obtaining
informed consent of substitute decision maker was complex. In a quarter of eligible patients, consent was declined which is in line with other intervention studies
in critically ill patients [29]. However, a more important barrier for patient inclusion in our FFP trial turned out to be physician-driven. Physicians involved in the
TOPIC trial indicated to be reluctant to include certain patients. The reasons were
bidirectional. Physicians who wanted to correct increased INR with FFP before the
planned invasive procedure did not want to take the risk of randomization to no
FFP, although this concerned a minority. The majority of physicians felt no need for
FFP transfusion and did not want to risk having to administer FFP. Nearly half of the
surveyed physicians indicated to be concerned about possible detrimental effects
of FFP, with TRALI being the most frequently mentioned. This is consistent with
reported increased awareness of TRALI [30]. Reluctance to include patients was also
reflected by a relatively low percentage reporting support by the medical staff for
the trial. Taken together, despite the recognition that a trial on the efficacy of FFP
is highly warranted, reasons for slow inclusion with subsequent early stopping the
TOPIC trial, are, at least in part, physician-driven.
The strong beliefs among physicians about the administration of FFP are in line with
surveys reporting high rates of inappropriate use of FFP [22,23]. Moreover, in line
with previous reports [22], involved clinicians demonstrate a lack of knowledge
about appropriate dosing of FFP, as 30% indicated that the dose of 12 ml/kg FFP
used in the TOPIC trial was too high, while the recommended dose is 12 to 15 ml/
kg [31] or even as high as 35 ml/kg to obtain full normalization of factor levels [13].
When designing future trials on the efficacy of FFP in critically ill patients with a
coagulopathy, abovementioned obstacles need to be addressed in order to obtain
improved cooperation of involved ICU physicians.
The current survey has some limitations. First, the questionnaire was not formally
tested for reliability and validity. Furthermore, we did not address potential improvements of the design and protocol of the TOPIC study. Modifiable factors in enhancing enrolment of critically ill patients in clinical trials are research culture, support
of the clinical team and the consent procedure [29]. Also, it has been reported
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that passive dissemination of research information does not affect clinicians’ attitudes [32]. Therefore, we actively informed medical staff at all sites throughout the
whole study period by repeated presentations, digital newsletters and pocket cards.
Although we did not ask respondents for potential improvements on this information strategy, the majority indicated that enrolment criteria of the trial were clear.
Therefore, we do not think that a lack of information or knowledge about the trial
by involved physicians has contributed to the disappointing inclusion rates. Of note,
in line with previous reports [29], the presence of dedicated experienced research
personnel contributed to improved enrolment of subjects and minimized potential
additional workload for the bedside staff. In our opinion, exclusion of certain patient
categories, although desired by the respondents, should be avoided because this
will limit generalizability of results. However, in future trials these barriers should be
specifically addressed, so they can be overcome.

Conclusion
Despite that critical care physicians express a need for trials on the use of FFP in
patients with a coagulopathy, strong preferences of treating physicians about the
use of FFP were major constraints to the conduction a successful clinical trial. We
feel that results indicate that future trials on the efficacy of FFP may not be feasible
to conduct, at least in the Netherlands. Thereby, further knowledge on the efficacy
of FFP should be gathered from prospective cohort studies or retrospective studies.
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Introduction
Multiple observational studies have shown an association between transfusion and
lung injury in the critically ill [1-6]. The definition of transfusion-related acute lung
injury (TRALI) is the onset of acute lung injury (ALI) occurring within 6 hours following a blood transfusion. When other risk factors for ALI are present, the term ‘possible TRALI’ is used [7,8]. Although a temporal relation with a blood transfusion is an
obvious requirement for the definition of TRALI, the time frame of 6 hours is arbitrarily chosen. Indeed, it has been recognized that transfusion can result in delayed
respiratory complications, termed ‘delayed TRALI syndrome’ [9].
Recent observational studies suggest that the incidence of TRALI is high in several
critically ill risk populations. Cohort studies in critically ill patients report a 100fold higher incidence of TRALI when compared to the general hospital population
[10,11]. Of note, the attributive morbidity and mortality of TRALI is considerable. Up
to 70% of patients who develop TRALI needs referral to the intensive care unit (ICU)
and invasive mechanical ventilation [12]. When TRALI develops in patients already
admitted to the ICU, there is an association with prolonged mechanical ventilation,
increased hospital mortality and a decreased long-term survival [10,11,13]. Prognosis of the ‘delayed TRALI syndrome’ is particularly bad, with an estimated mortality
of 40% [9].
Obviously, blood transfusion cannot be avoided altogether. The high incidence
and considerable morbidity and mortality of TRALI warrant insight in the risks and
benefits of the decision to administer a blood transfusion. This chapter aims to
address the susceptibility of critically ill patients to the development of a TRALI reaction. Risk factors for critically ill patients to develop TRALI as well product-related
risk factors will be discussed. Efforts to reduce TRALI have focused to date on modification of blood products, which has resulted in a substantial reduction in TRALI
cases, but has not completely mitigated TRALI. In this chapter, we suggest that complete mitigation requires physicians to develop new approaches for patient-specific
transfusion practice, aimed at pre-emptively taking action to decrease the risk of
TRALI. It may be time to improve our assessment of the critically ill patient in need
of a transfusion.
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Pathogenesis of TRALI
The high incidence of TRALI reported in critically ill patient populations may be a
consequence of its pathogenesis. TRALI is mediated by the interaction of neutrophils with pulmonary endothelial cells and can be caused by any cell-containing or
plasma rich blood product. TRALI is thought to occur as a result of a ‘two hit’ insult
[14,15]. The first ‘hit’ is an inflammatory condition of the patient at the time of the
transfusion (e.g. sepsis, recent surgery), causing sequestration and priming of neutrophils and the expression of adhesion molecules in the pulmonary compartment.
In response to priming, neutrophils undergo changes allowing for close contact with
the endothelial surface of the pulmonary vasculature. The second ‘hit’ is mediated
by components in the transfusion product. Donor antibodies against human neutrophil antigens (HNA) or human leukocyte antigens (HLA) present on leukocytes
in the lungs of the recipient have been implicated. Also bioactive substances that
have accumulated during blood storage may play a role in TRALI. These mediators
are thought to stimulate the primed neutrophils to release proteases resulting in
endothelial damage, vascular permeability and the full clinical picture of TRALI
[16,17].
Findings from experimental models support the assumption that in TRALI, neutrophils are primed by inflammation. Priming with a ‘first hit’ of endotoxin (LPS) was
found to be a prerequisite for induction of TRALI using plasma from stored blood
products [16-19]. In the presence of a priming ‘hit’, it was demonstrated that lower
amounts of antibody were sufficient to elicit the TRALI reaction [20], which supports
the notion that the presence of an inflammatory response increases susceptibility
to TRALI. Thereby, both transfusion and patient-related factors play a role in TRALI
pathogenesis.

Blood product-related risk factors for TRALI
Anti-leukocyte antibodies
From case series, the presence of donor anti-leukocyte antibodies in the transfused product is thought to be implicated in TRALI. Involved antibodies are mainly
directed against HLA Class I, HLA Class II or HNA. Activation of neutrophils occurs
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via HLA Class I antigens. Mononuclear cells expressing HLA Class II are involved by
activation through HLA Class II antibodies [21]. Recently, a large, prospective, casecontrolled multicenter study systematically identified factors associated with an
increased risk of TRALI [22]. In this study, blood product-related risk factors were
the transfused volume of high titer cognate HLA class II antibody and the volume of
high titer HNA antibody. Antibodies not associated with increased risk of TRALI were
non-cognate or weak anti-HLA class II antibody, as well as HLA class I antibodies.
The finding that the presence of HLA Class II antibodies in plasma of blood donors
was of greater importance then class I, underlines results from previous studies [23].
Antibodies against the HNA-3a or 5b antigen appear to be especially important in
causing severe cases of TRALI [24].
Bioactive response modifiers
Bioactive lipids (lysoPCs and neutral lipids) increase during storage of red blood cells
(RBCs) and platelet concentrates [25,26]. These substances were shown to have in
vitro neutrophil priming capacity and can induce TRALI in animal models [16-18].
A retrospective clinical study of 10 TRALI patients linked the occurrence of TRALI
with transfusion of blood products containing lipids with neutrophil-priming activity
[27]. However, this finding was not confirmed in a study in cardiac surgery patients
developing TRALI [28]. Also, in the largest prospective case-control study to date,
no association was found between bioactive lipids and TRALI [22]. Other bioactive
substances, such as pro-inflammatory cytokines, have not been consistently linked
to TRALI [22].
The red cell storage lesion
During storage, RBC products undergo changes that affect their function and in vivo
survival, which are collectively termed the “storage lesion”. In vitro experiments
have shown increased reactive oxygen species (ROS) formation by endothelial cells
upon incubation with aged red blood cells but not with fresh cells [29]. Indeed, in
a murine “two hit” transfusion model, aged RBCs were capable of inducing a TRALI
reaction [30]. The proposed mechanism is either a decrease in the chemokine scavenging function of the RBC [31] or increased adhesion of the erythrocyte to the
endothelium due to a deficiency of anti-adhesive adenosine-5’-triphosphate release
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from the RBC [32]. Hereby, transfused RBCs may promote or exacerbate microvascular pathophysiology in the lung.
In conclusion, cognate HLA class II antibodies are blood product-related risk factors
for TRALI. Bioactive lipids can function as a second ‘hit’ and are able to induce a
TRALI reaction, but clinical data are conflicting. The aged RBC seems to play a role in
preclinical models of TRALI. To date, interventions aimed at decreasing TRALI incidence have focused on product-related risk factors.

Mitigating TRALI by modifying blood products
Exclusion of female donors
The prevalence of anti-leukocyte antibodies in the donor population depends on
donor allo-exposure. Transfusion can lead to sensitization of recipients, albeit with
very different reported numbers, ranging from 1 to 12% [33]. However, pregnancy
is the most important cause of sensitization in the donor population. Approximately
10% of previously pregnant women have HLA antibodies and this number increases
to 26-39% in women who have had three or more pregnancies [33]. In order to prevent antibody mediated TRALI, a predominantly male donor strategy for preparation of plasma rich products (including fresh frozen plasma and buffy coat-derived
pool platelets) was first implemented in the United Kingdom in 2003. Other countries followed. This resulted in a ~70% reduction in reported TRALI cases [33-37].
Hence, it seems that exclusion of female plasma donors prevents the majority of
TRALI cases caused by plasma-rich products. However, TRALI cases that occur due
to RBC transfusion and pooled platelets are not prevented.
Transfusion of fresh red blood cells only
The accumulation of compounds, such as bioactive lipids, during storage suggests
that the occurrence of TRALI may be associated with the use of older blood. A metaanalysis of studies on the effect of transfusion of stored blood showed an association
between transfusion of stored blood and mortality in various patient populations
[38]. In cardiac surgery patients, an association of prolonged storage of blood products and lung injury was found [39]. However, a large prospective study did not find
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evidence for an association between red cell storage duration and TRALI [22]. In a
prospective case-control study in ICU patients, stored red blood cell products did
not have any effect on pulmonary function or gas exchange [40]. Prospective randomized controlled clinical trials investigating the effect of fresh compared to stored
RBCs on outcome in the critically ill are currently underway.

Patient-related risk factors for TRALI
Predisposing factors for TRALI presumably lower the recipient’s threshold for developing TRALI. Specific host factors have recently been identified (table 1). In a mouse
model of TRALI, mechanical ventilation synergistically augmented lung injury, which
was even further enhanced by the use of injurious ventilator settings [41], supporting the concept that mechanical ventilation aggravates the course of a TRALI reaction. There are also clinical data suggesting that mechanical ventilation may be a risk
factor for lung injury following blood transfusion. As much as 33% of mechanically
ventilated critically ill patients develop lung injury within 48 hours after transfusion in an observational study [3]. In accordance, it was found that the presence of
mechanical ventilation predisposed to acquiring TRALI in a retrospective study in
ICU patients [11]. Furthermore, a recent study confirmed that high peak airway pressures (>30 cm H2O) contributed to an increased TRALI risk (OR 5.6 [2.1-14.9]) [22].
In addition to pulmonary hits, systemic inflammatory conditions are often present in
critically ill patients. In a retrospective study on risk factors for TRALI in ICU patients,
87% of the patients that confirmed to the diagnostic criteria for TRALI had a risk
factor for ALI prior to onset of (possible) TRALI [11]. Hence, it is not surprising that
there is an overlap between risk factors for ALI and TRALI. Of note, comparable to
possible TRALI, ALI is a syndrome which occurs as a complication of an inflammatory
condition.
Sepsis has been identified as a risk factor for TRALI in several studies in ICU patients
[10,11]. This is in line with animal models showing that endotoxemia reduceds the
amount of antibodies or bioactive response modifiers needed to induce TRALI
[16,20]. The presence of shock prior to transfusion increased TRALI risk [22]. Of
interest, plasma interleukin (IL)-8 levels in TRALI patients on a general hospital ward
were elevated prior to transfusion, underlining the contribution of an inflammatory
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status to the risk of developing TRALI [22]. In cardiac surgery patients prospectively
followed for the onset of TRALI, IL-8 levels prior to transfusion were elevated compared to transfused controls [42]. Because IL-8 has neutrophil-priming capacity,
we hypothesize that during an insult, endothelial cells produce IL-8, contributing
to attraction of neutrophils to the pulmonary compartment [42]. Whether IL-8 can
serve as a biomarker for diagnosing TRALI remains to be determined.
Coronary artery bypass grafting (CABG) was found to be a risk factor for TRALI
[11,43]. In this context, the incidence of TRALI was found to be 2.4% in a prospective
study in cardiac surgery patients [28], which is about 8 to 10-fold higher compared
to the general patient population. We speculate that this may be due to a longer
time on cardiopulmonary bypass (CPB) [28]. Hematologic malignancy is also a TRALI
risk factor in a general hospital patient populations as well as in ICU patients [11,43].
Massive transfusion is a risk factor for acute respiratory distress syndrome (ARDS)
[1,4] as well as for TRALI [11]. In patients admitted to the ICU because of bleeding,
the presence of liver failure was a strong risk factor for developing TRALI when compared to transfused patients without liver failure [13]. It is not clear whether these
conditions are risk factors solely because these patients commonly receive multiple transfusions, or that fluid overload induces priming. Of note, a prospective case
control study in TRALI patients in the general hospital population revealed that an
increased TRALI risk was associated with a positive fluid balance [22]. This is in line
with findings in ALI patients [44] and indeed suggests that fluid overload may play
role in TRALI pathogenesis.
Taken together, critical illness contributes to increased susceptibility to a TRALI
reaction. Of note, in a multivariate analysis of a retrospective study in ICU patients,
patient-related risk factors were more important for the onset of TRALI than transfusion-related risk factors, suggesting that development of a TRALI reaction depends
more on host factors then on factors in the blood product [11]. This finding suggests
that taking an active approach in daily ICU practice may be effective in mitigating
the risk of TRALI.
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Table 1: Patient-related risk factors for transfusion-related acute lung injury (TRALI)

Sepsis

Author, date [ref]

Type of study

Rana, 2006 [46]

Retrospective
case control
Prospective
case control

Gajic, 2007 [10]

Vlaar, 2010 [11]

Retrospective
cohort
Prospective
case control

Shock

Toy, 2012 [22]

Mechanical
Ventilation

Gajic, 2004 [3]

Retrospective
cohort

Vlaar, 2010 [11]

Retrospective
cohort
Prospective
case control

Toy, 2012 [22]

Cardiac
surgery

Vlaar, 2010 [11]
Toy, 2012 [22]
Vlaar, 2011 [28]

Hematologic Rana, 2006 [46]
malignancy
Vlaar, 2010 [11]
Silliman, 2003 [43]

Retrospective
cohort
Prospective
case control
Prospective
case control
Retrospective
case control
Retrospective
cohort
Retrospective
cohort

Massive
Vlaar, 2010 [11]
transfusion
Positive fluid Toy, 2012 [22]
balance

Retrospective
cohort
Prospective
case control

Liver failure

Retrospective
cohort
Prospective
case control

Benson, 2010 [13]
Toy, 2012 [22]

Relation between risk factor and
TRALI
Sepsis in 48% TRALI patients (p<0.01
vs. controls)
Sepsis in 37% patients developing
lung injury after transfusion (p=0.016
vs. controls)
Sepsis predisposes to TRALI (OR 2.5
[1.2-5.2])
Shock prior to transfusion predisposes to TRALI
(OR 4.2 [1.7- 10.6])
33% of ventilated patients develop
lung injury within 48 hours after
transfusion
Mechanical ventilation predisposes
to TRALI (OR 3.0 [1.3-7.1])
Peak airway pressure of >30 cm H2O
predisposes to TRALI (OR 5.6 [2.114.9])
Emergency cardiac surgery predisposes to TRALI (OR 17.6 [1.8-168.5])
Cardiac surgery predisposes to TRALI
(OR 3.3 [1.21-9.2])
Time on cardiopulmonary bypass
predisposes to TRALI (OR 1.0 [1.01.03])
Hematologic malignancy in 25%
TRALI patients (p<0.01 vs. controls)
Hematologic malignancy predisposes
to TRALI (OR 13.1 [2.7-63.8])
Hematologic malignancy in 46% of
TRALI patients (p=0.0004 vs. transfused controls)
Massive transfusion predisposes to
TRALI (OR 4.5 [2.1-9.8])
Fluid balance, increment per liter,
predisposes to TRALI (OR 1.17 [1.081.28], p<0.001)
Liver failure predisposes to TRALI
(OR 13.1 [2.7-63.8])
Liver transplant surgery predisposes
to TRALI (OR 6.7 [1.3-35.7])

Data are percentages or odds ratio (OR) with confidence interval
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Mitigating TRALI by individualized patient intervention
Appropriate management of critically ill patients has decreased their risk of developing ALI. The same may hold true for TRALI. Given the high number of ICU patients
who receive a blood transfusion, the association between blood transfusion and
adverse outcome in the critically ill [10,11,13] and the recent identification of TRALI
risk factors, it is possible and perhaps even mandatory for ICU physicians to take
an individualized approach towards their patients in need of a transfusion. Patientfocused strategies that may decrease the risk of TRALI include: monitoring fluid balance; shock prior to transfusion should be avoided; a restrictive fluid balance should
be maintained. Decreasing airway pressures in patients on mechanical ventilation
prior to transfusion may also decrease the risk of TRALI. Although not proven in clinical trials, low tidal volume ventilation may further reduce TRALI risk. With the use of
electronic medical records, protocols can be developed to further decrease the risk
of TRALI. An electronic screening algorithm has been developed which accurately
identifies TRALI patients [45]. Improvement in identification may contribute to better patient management of a TRALI case. Electronic health record surveillance may
also be a tool for further implementing measures to decrease TRALI.

Conclusion
The presence of an inflammatory condition increases the susceptibility to TRALI.
Specific patient-related risk factors have been identified, empowering the ICU physician to take an individualized approach to the patient in need of a transfusion, which
may contribute to mitigating the risk of TRALI.
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Abstract
Background: The incidence of transfusion-related acute lung injury (TRALI) in cardiac surgery patients is high and this contributes to an adverse outcome. Damageassociated molecular pattern (DAMP) molecules, HMGB1 and S100A12, are thought
to mediate inflammatory changes in acute respiratory distress syndrome. We aimed
to determine whether DAMP are involved in the pathogenesis of TRALI in cardiac
surgery patients.
Materials and methods: This was a secondary analysis of a prospective observational trial in cardiac surgery patients admitted to the Intensive Care of a university
hospital in the Netherlands. Fourteen TRALI cases were randomly matched with 32
transfused and non-transfused controls. Pulmonary levels of HMGB1, S100A12 and
inflammatory cytokines (IL-1β, Il-6, IL-8 and tumour necrosis factor-α) were determined when TRALI evolved. In addition, systemic and pulmonary levels of soluble
receptor for advanced glycation end products (sRAGE) were determined.
Results: HMGB1 expression and levels of sRAGE in TRALI patients did not differ
from those in controls. There was a trend towards higher S100A12 levels in TRALI
patients compared to the controls. Furthermore, S100A12 levels were associated
with increased levels of markers of pulmonary inflammation, prolonged cardiopulmonary bypass, hypoxemia and duration of mechanical ventilation.
Conclusion: No evidence was found that HMGB1 and sRAGE contribute to the development of TRALI. S100A12 is associated with duration of cardiopulmonary bypass,
pulmonary inflammation, hypoxia and prolonged mechanical ventilation and may
contribute to acute lung injury in cardiac surgery patients.
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Introduction
Transfusion-related acute lung injury (TRALI) is the leading cause of transfusionrelated morbidity and mortality. Incidence of TRALI is much higher in patients
undergoing cardiac surgery than in the general hospital population and contributes
to an adverse outcome [1,2]. TRALI is thought to result from the interaction of activated neutrophils with endothelial cells, thereby inducing endothelial damage, vascular leakage and pulmonary oedema. However, the precise pathways of TRALI are
largely unknown.
The receptor for advanced glycation end products (RAGE) is pivotal in the proinflammatory response in acute lung injury. RAGE is a multi-ligand pattern recognition receptor expressed on type I alveolar cells, endothelium and neutrophils
[3], ligation with damage associated molecular pattern (DAMP) molecules, including high-mobility group box 1 (HMGB1) and S100A12 (also known as EN-RAGE) is
thought to contribute to a pro-inflammatory response [4].
In lung injury inflicted by mechanical ventilation or by trauma, increased levels of
HMGB1 are associated with adverse outcome [5-8]. HMGB1 plays a role in neutrophil trafficking, as demonstrated by a study in which intratracheally instilled HMGB1
resulted in neutrophil accumulation, increased cytokine release and pulmonary
oedema [9]. HMGB1 may, therefore play an important role in neutrophil-mediated
acute lung injury (ALI). Interestingly, HMGB1 was shown to accumulate during red
blood cell storage [10].
The DAMP molecule S100A12 is thought to mediate the early phase of ALI. In vitro
experiments showed a direct pro-inflammatory effect of S100A12 on lung endothelial cells [11-13]. Soluble RAGE (sRAGE) is a marker of alveolar cell injury in ALI/acute
respiratory distress syndrome (ARDS) [14] and increased levels have been demonstrated in ALI following trauma [15], injurious mechanical ventilation [16] and lung
transplantation [17]. Interestingly, sRAGE levels were associated with both blood
transfusion as well as with the use of cardiopulmonary bypass [17,18]. Of note,
advanced glycation end products formed in red blood cells were found to ligate
to endothelial-bound RAGE, resulting in endothelial damage [19]. Thereby, RAGE
ligands may play a role in the neutrophil-endothelial interactions in the pathogenesis of TRALI. We aimed to elucidate whether RAGE-activating DAMP contribute to
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a TRALI reaction in patients undergoing cardiac surgery. To do this, we assessed
HMGB1 and S100A12 levels, as these are important RAGE activating DAMP [20] and
were shown to be associated with transfusion, the use of cardiopulmonary bypass
and ALI. In addition we determined sRAGE levels.

Materials and Methods
Setting
The study is a secondary analysis of a trial in cardiac surgery patients performed in
an Intensive Care Unit (ICU) of a university hospital in the Netherlands [1] and was
approved by the medical ethics committee of the Academic Medical Center, Amsterdam, the Netherlands (06/201#08.17.1328as). The study was carried out in accordance with the Declaration of Helsinki. Patients of 18 years or older were asked to
give written informed consent prior to valvular and/or coronary artery surgery for
participation in the study. Exclusion criteria were off-pump surgery and emergency
surgery.
Design
Patients were prospectively screened for the onset of TRALI up to 30 hours after surgery. Using the Canadian Consensus Conference definition [21], TRALI was defined
as new onset hypoxemia or deterioration demonstrated by a PaO2/FiO2 < 300,
occurring within 6 hours after transfusion, with bilateral pulmonary changes, in the
absence of cardiac pulmonary oedema [21-23]. Cardiogenic pulmonary oedema was
identified when pulmonary arterial occlusion pressure was >18 mmHg. Chest radiographs taken before surgery and on arrival at the ICU were scored for the presence
of new onset bilateral interstitial abnormalities by two independent physicians who
were blinded to the predictor variables.
Sixteen TRALI cases were identified and non-directed bronchoalveolar lavage (NBL)
fluid and plasma was available from 14 patients of these for analysis. Cases were
randomly matched with controls. Transfused cardiac surgery patients not developing ALI and cardiac surgery patients not transfused not developing ALI served as
controls.
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Cardiothoracic surgery, anaesthesia procedures and Intensive Care Unit
management
Patients were anesthetized with lorazepam, etomidate, sufentanil and rocuronium
for induction of anaesthesia and sevoflurane plus propofol for maintenance of
anaesthesia. As part of standard care, a pulmonary artery catheter was inserted for
peri-operative monitoring. In all patients, cardiopulmonary bypass was performed
under mild to moderate hypothermia (28°C-34°C), using a membrane oxygenator
and a non-pulsatile blood flow. During the procedure, lungs were deflated. After
surgery, all patients were transferred to the ICU with mechanical ventilation. The
postoperative ICU protocol involved fluid infusions with normal saline and starch
solutions and transfusion of leucodepleted erythrocytes to maintain haemoglobin
level above 8.5 g/dL. If indicated, norepinephrine was used to maintain a mean arterial blood pressure of 65 mmHg and dobutamine and/or milrinone were used to
achieve a cardiac index of ≥2.5 L/min/m2.
Data collection
The pre-operative European System for Cardiac Operative Risk Evaluation (EuroSCORE), the physical status according American Society of Anaesthesiologists (ASA
score), predicted vital capacity and forced expiratory volume in 1 second (FEV1)
were determined. Left ventricular function was categorized on the basis of ejection
fraction (EF), into good (EF>45%), moderate (EF<45% but >30%) or poor (EF ≤30%).
Data on operation time, clamp time and time on cardiopulmonary bypass, the duration of mechanical ventilation, and the partial pressure of oxygen in arterial blood
were all registered.
Plasma collection and analysis
Arterial blood samples, collected in test tubes containing EDTA, before cardiopulmonary bypass and after arrival at the ICU, were centrifuged at 1500 x g for 15
minutes at 4°C. The supernatant was stored at -80°C until sRAGE was measurement
was performed.
Levels of sRAGE were determined by an enzyme-linked immunosorbent assay
(ELISA) developed in our laboratory [24]. In short, 96-well plates were coated overnight with mouse anti-human RAGE antibody (R&D systems, Minneapolis, Minne-
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sota, USA). Samples diluted as appropriate were added and incubated for 2 hours.
Next, biotinylated goat anti-human RAGE antibody (R&D Systems) was added and
incubated for another 2 hours. Streptavidin poly-horseradish peroxidase (HRP) was
added for 30 minutes. Finally, sodium-acetate buffer (pH 5.5) containing 100 μ/
mL tetramethylbenzidine and 0.003% H2O2 was added and the colour reaction was
stopped by 1 N H2SO4. All measurements were made in duplicate.
Non-directed bronchoalveolar lavage technique
At onset of TRALI, we performed NBL, with which we have ample experience [25-28].
Controls were lavaged within 30 hours of admission to the ICU. There was no significant difference in timing of the NBL between the groups [1]. As described previously
[25-28], a standard 50 cm, 14-gauge tracheal suction catheter was introduced via
the endotracheal tube and advanced until significant resistance was encountered.
Immediately after instillation of 20 mL of sterile 0.9% saline over 10-15 seconds,
fluid was aspirated before withdrawal of the catheter. Generally, 4 to 5 mL of fluid
was recovered. NBL samples were centrifuged at 1500 x g for 10 minutes at 4°C. The
supernatant was collected and stored at -80°C until assays were performed. The cell
pellet was re-suspended in phosphate-buffered saline and cell counts were determined using a haemocytometer (Beckman Coulter, Fullerton, CA, USA) [26].
Analyses in non-directed bronchoalveolar lavage fluid
The correlation between HMGB1 concentration detected by ELISA and immunoblot
is poor [29]. Since HMGB1 and HMGB2 show high homology there may be simultaneous determination by ELISA [30]. We, therefore, choose to use western blotting which is more specific for HMGB1. The NBL fluid samples were mixed with
3-fold concentrated sodium dodecyl sulphate (SDS) sample buffer containing 6%
β-mercaptoethanol in a 2:1 ratio and denatured for 5 minutes at 95°C. Twenty
microliters of each sample was run on a 15% polyacrylamide gel and subsequently
transferred to a polyvinylidene fluoride (PVDF) membrane (Pharmacia, Piscataway,
NJ, USA). Cell extracts of 293T cells were included as positive control. After blocking
with 5% non-fat dry milk in phosphate-buffered saline + 0.05 % Tween-20 (PBS-T), the
membrane was incubated overnight at room temperature with a rabbit polyclonal
antibody directed against human HMGB1 (ab18256, Abcam, Cambridge, MA, USA) in
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PBS-T with 1% non-fat dry milk followed by secondary labeling with a HRP-labelled
goat-anti-rabbit IgG polyclonal antibody (Bioké, Leiden, the Netherlands) in PBS-T
with 1% non-fat dry milk. PVDF membranes were developed using Lumilight plus ECL
substrate (Roche, Darmstadt, Germany) and a chemoluminescence detector with a
cooled CCD camera (Syngene, Cambridge, UK). The density of HMGB1 bands at 35 kD
were measured using AIDA image analysis software (Raytest, Straubenhardt, Germany). HMGB1 levels were compared to a standard curve prepared by serial dilution
of 293T cell lysates which were run on the same gel with a lower detection limit of
500 cells. NBL fluid HMGB1 was then expressed in cell units (band densitometry correlated to the number of lysed cells).
Levels of sRAGE were determined by an ELISA, as described above [24]. S100A12 was
detected by an ELISA (CircuLexTM, Nagano, Japan). Diluted samples were added to a
microplate pre-coated with a monoclonal antibody specific for S100A12/EN-RAGE
and incubated for 1 hour. After washing, HRP-conjugated anti-S100A12/EN-RAGE
polyclonal antibody was added and incubated for 1 hour. Next, the substrate reagent tetra-methylbenzidine was added for 20 minutes. The reaction was stopped
with 1 N H2SO4. All measurements were made in duplicate. Lower detection limit
was 61 pg/mL.
As described previously, interleukin (IL)-1β, IL-6, IL-8 and tumour necrosis factor α
(TNFα) were measured using specific commercially available ELISA (PeliKine-compact™ kit), according to the instructions of the manufacturer (Sanquin, Amsterdam,
the Netherlands) [26,31].
Statistical analysis
Continuous data are expressed as mean and standard deviation (SD) or as medians and interquartile ranges (IQR) according to their distribution. Categorical variables are expressed as numbers (%). TRALI patients were compared with the control
groups using one-way ANOVA and Dunnett’s post-test or the Kruskall-Wallis test and
Mann-Whitney U test depending on data distribution. The chi-square test was used
to compare categorical variables. Correlations were determined by Spearman’s Rho.
Because of the small size of the individual groups (TRALI and controls), associations
were determined for the total group of patients.
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Statistical significance was defined as p<0.05. Statistical analysis was performed
with SPSS 18.0 (SPSS, Inc, Chicago, IL, USA).

Results
The patients’ characteristics are shown in table 1. Patients in the TRALI group were
older, had higher ASA scores and lower FEV1 values prior to surgery when compared
to controls. There were no differences in cardiac function, nor in other risk factors
for ALI (data not shown). TRALI patients more often underwent combined bypass
and valve replacement surgery and operation time and duration of cardiopulmonary bypass were significantly longer than those in controls. Patients who developed TRALI received more red blood cells and fresh-frozen plasma compared to
transfused controls. Cases had a lower PaO2/FiO2 ratio as well as a longer duration
of mechanical ventilation.
Levels of cytokines in non-directed bronchoalveolar lavage fluid
Pulmonary levels of the pro-inflammatory cytokines IL-8 and IL-6 in NBL fluid were
higher in TRALI patients than in controls [26]. Pulmonary levels (median (IQR)) of
IL-1β did not differ among TRALI patients (29.5 (4.1-204.2) pg/mL) and either transfused (14.7 (10.2-44.5) pg/mL) or non-transfused controls (9.7 (1.4-14.7) pg/mL),
(p=0.11). Likewise the levels of TNF-α did not differ among the groups, being 17
(4-121) pg/mL in TRALI patients compared to 36 (10-59) pg/mL in transfused and 34
(13-44) pg/mL in non-transfused controls (p=0.19).
Levels of sRAGE in plasma and bronchoalveolar lavage fluid of cardiac surgery
patients with TRALI and controls
In all patients, cardiac surgery resulted in a modest increase in plasma sRAGE levels
compared to baseline values (figure 1). Following surgery, levels (median and IQR)
of sRAGE in NBL fluid were low, being 34.1 (14.7-135.9) pg/mL in TRALI patients, 97.1
(19.3-150.4) pg/mL in transfused controls and 71.8 (27.3-200) pg/mL in non-transfused controls (p=0.57). Pulmonary levels of sRAGE were not elevated compared to
plasma levels and none of the levels differed between TRALI patients and controls
(figure 1).
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Table 1: Patient characteristics
Non transfused
No ALI
n=16
Patient data
Age, years*
Sex, male (%)
EuroSCORE*
ASA score#
FEV1, % predicted*
Left ventricular function
Poor (%)
Moderate (%)
Good (%)
Surgery data
CABG (%)
Valve replacement (%)
CABG + valve replacement (%)
Other (%)
Peri-operative data
Red blood cells, units#
Fresh frozen plasma, units#
Platelets, units#
Clamp time, min*
Pump time, min*
Operation time, min*
MV, hours*
PaO2/FiO2 ratio*

Transfused
No ALI
TRALI
n=16
n=14

63±13
13 (81)
3.8±2.8
3 (1)
100±17

65±10
9 (56)
5.4±3.2
3 (0)d
83±17d

74±8a
12 (79)
6.4±2.9
3 (1)b
81±19a

0 (0)
3 (21)
11 (79)

3 (19)
1 (6)
12 (75)

1 (7)
6 (43)
7 (50)

11 (69)
3 (19)
0
2 (12)

9 (56)
3 (19)
3 (19)
1 (6)

6 (43)
0
8 (57)a
0

NA
NA
NA
74±38
104±43
313±66
13.4±4.6
223±108

2.0 (1)
0.0 (2)
0.0 (0)
92±37
137±51
381±104d
16.6±8,4
170±78

2.5 (2)a
2.0 (2.8)a
0.5 (1)
114±45a
165±58b
414±81c
127.4±211a
118±44b

ASA: American Society of Anesthesiologists; FEV1: forced expiratory volume in 1 second;
CABG: coronary artery bypass grafting; MV: mechanical ventilation
*normally distributed data, expressed as means ± standard deviation (SD)
#not normally distributed data, expressed as median and interquartile range (IQR)
a
p<0.05, bp<0.01,cp≤0.001 TRALI compared to transfused or non-transfused controls
d
p<0.05 transfused controls compared to non-transfused controls
NA: not applicable
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Figure 1: sRAGE levels in plasma before and after cardiac surgery and sRAGE levels in nondirected bronchoalveolar lavage (NBL) fluid after surgery.
TRALI: TRALI cases.

Transfusion: transfused patients who did not develop lung injury.
No transfusion: patients not transfused and without lung injury.
Data are expressed as median and interquartile range.

Levels of HMGB1 in bronchoalveolar lavage fluid of cardiac surgery patients with
TRALI and controls
No differences were found in pulmonary HMGB1 expression (mean ± SD) between
patients with TRALI (712 ± 379 [cell units]) and either transfused (605 ± 205 [cell
units]) or non-transfused controls (556 ± 123 [cell units]) (p=0.86, figure 2). There
was a wide variation in expression of HMGB1. If dichotomized (detected versus not
detected), no differences were found among the three groups (data not shown).
Levels of S100A12 in bronchoalveolar lavage fluid of cardiac surgery patients
with TRALI and controls
S100A12 could be detected at substantial levels in NBL fluid of all patients, with the
highest median levels measured in TRALI patients (702 (77-1661) ng/mL) compared
to 388 (217-1199) ng/mL in transfused and 119 (71-349) ng/mL in non-transfused
controls (figure 3); this trend was, however, not statistically significant (p=0.15).
There was a negative correlation between S100A12 levels and pO2 6 hours postoperatively (r=-0.584, p=0.014) and a positive correlation between levels of
S100A12 in NBL fluid and duration of mechanical ventilation (r=0.445, p=0.005).
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Figure 2: Levels of HMGB1 in non-directed bronchoalveolar lavage (NBL) fluid after cardiac
surgery.

TRALI: TRALI cases
Transfusion: transfused patients who did not develop lung injury.
No transfusion: patients not transfused and without lung injury.
Data expressed as mean and standard deviation.
The western blot is representative for HMGB1 from a patient with TRALI (A) and two control
patients (B and C).

Furthermore, duration of ventilation was positively associated with the total number of units transfused (r=0.537, p=0.002). We then determined whether there was
a correlation between the degree of pulmonary inflammation and pulmonary levels
of S100A12. Patients with higher NBL levels of S100A12, had higher NBL cell counts
and higher NBL levels of TNF-α, IL-1B, IL-6 and IL-8 (figure 4). Levels of S100A12 were
not significantly associated with EUROscore, ASA score and amount of transfusion.
Levels of S100A12 did show a positive correlation with time on cardiopulmonary
bypass (r=0.337, p<0.05).
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Figure 3: Levels of S100A12 in non-directed bronchoalveolar lavage (NBL) fluid after cardiac
surgery.

TRALI: TRALI cases
Transfusion: transfused patients who did not develop lung injury.
No transfusion: patients not transfused and without lung injury.
Data expressed as median and interquartile range.

Discussion
In the present study, cardiac surgery patients had strongly elevated pulmonary levels of S100A12, which was associated with longer time on cardiopulmonary bypass,
hypoxemia, prolonged mechanical ventilation and pulmonary inflammation. The
levels of S100A12 were highest in those patients developing TRALI and this molecule
may, therefore, play a role in pathogenesis of TRALI.
Levels of S100A12 following cardiac surgery were very high compared to those in
previous studies in other postoperative patients [12]. Furthermore, the level of pulmonary S100A12 was about 10-fold higher than that reported in ARDS [11]. Increased
S100A12 correlated with decreased oxygenation, prolonged time on mechanical
ventilation and elevated pulmonary levels of pro-inflammatory cytokines. This is in
line with the recent finding that S100A12 actively contributes to the early inflammatory response by the amplification of inflammatory processes [32].
As time on cardiopulmonary bypass was significantly associated with elevated
pulmonary levels of S100A12 in this study, use of the bypass machine may have
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Figure 4: Pulmonary levels of inflammatory markers grouped by S100A12 in all patients. Cell
count in non-directed bronchoalveolar lavage (NBL) fluid was significantly higher in patients
with higher S100A12 levels

(a). Percentage of neutrophils in NBL fluid (b). Levels of IL-1β (c), IL-6 (d), IL-8 (e) and TNFα (f)
were significantly higher in patients with high levels of S100A12.
Data presented in quartiles.
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contributed to this increase. Increased levels of S100A12 after cardiopulmonary
bypass in children were found to correlate with severity of ALI [33]. Of note, levels in
TRALI patients were clearly higher compared to patients with ALI after cardiopulmonary bypass [33]. Given that S100A12 is a pro-inflammatory mediator whose levels
have been shown to rise early in the course of lung injury [11,12] and the TRALI
syndrome is classically a rapid pulmonary reaction to a blood transfusion, S100A12
might contribute to pulmonary inflammation in cardiac surgery patients with a
TRALI reaction. TRALI is thought to be a ‘two hit syndrome’, in which an inflammatory condition primes lung neutrophils, rendering them susceptible to lung injury
inflicted by mediators in the blood product [34]. As S100A12 mediates inflammation
via activated granulocytes [32], we speculate that S100A12 may amplify the TRALI
reaction or may contribute to the “first hit” in TRALI, thereby lowering the threshold
for developing TRALI [35]. This may explain the high incidence of TRALI found previously [1,36].
As shown before, plasma levels of sRAGE increased modestly in all patients following cardiac surgery. However, levels were low compared to those reported previously [18, 33]. In addition, sRAGE in NBL fluid after surgery was not elevated and did
not differ among TRALI patients and their controls. In line with this finding, sRAGE
levels in NBL were not elevated in an experimental model of TRALI [37]. RAGE is
expressed abundantly in pulmonary tissue and it has been proposed that S100A12
exerts its effects via RAGE. Interestingly, it was recently demonstrated that Toll-like
receptor 4 (TLR4), not RAGE, is pivotal in S100A12 mediated inflammatory response
[32]. In the lung, TLR4 expression has been demonstrated on vascular endothelial
cells and activation has shown to contribute to pulmonary neutrophil sequestration
[38]. Therefore, the relatively low levels of sRAGE in our patients do not preclude
S100A12-mediated pulmonary inflammation.
In this study, expression of HMGB1 was not increased in TRALI patients compared
to that in controls. HMGB1 has been demonstrated to be an important mediator
of inflammation in ARDS due to various causes [5,6,9]. However, its relation to outcome has not unequivocally been demonstrated. In trauma-induced ARDS, HMGB1
was associated with a poor outcome [8]. In another group of ARDS patients, HMGB1
levels did not differ between survivors and non-survivors, nor did they correlate
with lung injury score and hypoxemia [6]. These conflicting results may be related
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to the time course of lung injury. A late increase in HMGB1 was seen in patients
with ARDS, with peak levels occurring between day 1 and 7, but not at onset of disease [6]. In addition, in mechanically ventilated patients, pulmonary HMGB1 release
could only be demonstrated after days and not hours of ventilation [7]. Altogether,
HMGB1 has been suggested to be a late mediator of inflammation during ALI and it
does not seem to play a role in TRALI.
Taken together, no clear association between DAMP molecules and TRALI was
found. However, S100A12 was associated with pulmonary inflammation, suggesting
that this early DAMP molecule may be a strong driver of the inflammatory response
in ALI following cardiac surgery. Although the increase in pulmonary S100A12 levels
in TRALI patients was not statistically different from controls, the observed trend
suggests that the study was underpowered to establish a clear association. Whether
S100A12 is a mediator in TRALI does, therefore, remain to be established. Of note,
other DAMP molecules have been shown to accumulate during the storage of blood
products. These include haem and lipid peroxidation products, both ligands for
TLR4, and extracellular ATP and microparticles, which are capable of activating the
NLRP3 inflammasome [35]. The latter has been shown to contribute to pulmonary
inflammation [39]. Whether these DAMP molecules contribute to the inflammatory
changes in TRALI should be addressed in future research.
There are limitations to our study. First, the number of patients is small, which may
have underpowered the study. Second, NBL was collected only once, precluding
conclusion about the time course of the role of DAMP molecules in the maintenance
and amplification of the inflammatory response in TRALI. However, this cohort of
TRALI patients in whom lavage samples were obtained is the largest to date.
In conclusion, no evidence was found that HMGB1 and sRAGE contribute to the
development of TRALI. The early DAMP molecule S100A12 is associated with prolonged cardiopulmonary bypass, pulmonary inflammation, ventilation duration and
hypoxemia after cardiac surgery and may mediate the priming phase of ALI in cardiac surgery patients who develop this condition. Further research is warranted to
establish the role of DAMP molecules in the inflammatory response in TRALI.
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Abstract
Transfusion-related acute lung injury (TRALI) is the leading cause of transfusionrelated morbidity and mortality. Recent insights into the pathophysiology of TRALI
have led to various preventive strategies. Strategies in donor management range
from antibody testing of sensitized donors to the deferral of female plasma donors
altogether. However, knowledge on the efficacy of measures to reduce TRALI is
limited. In addition, the various measures may lead to a substantial loss of donors,
hampering steady blood supply. Thereby, consensus among countries and blood
collecting facilities regarding the optimal strategy to prevent TRALI is lacking. In
this review, the advantages and disadvantages of various preventive measures to
prevent TRALI are discussed, related to both patient factors as well as blood component-processing strategies, including transfusion policy, donor management and
practices of preparation and storage conditions of blood components.
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Introduction
Transfusion-related acute lung injury (TRALI) is the leading cause of transfusionrelated morbidity and mortality. Any plasma-containing blood product, non-cellular and cellular, can elicit a TRALI reaction and even small volumes can trigger the
reaction. TRALI is defined as the onset of Acute Lung Injury (ALI) [1] in temporal
relationship to a blood transfusion, characterized by pulmonary edema resulting in
decreased oxygenation and bilateral infiltrates on a chest radiograph [2,3].
TRALI is generally considered to be under-reported, underlined by the finding that
the incidence in TRALI cases reported to the blood bank is increasing [4,5]. Given
the persistent finding of an association between blood transfusion and the occurrence of ALI in observational studies [6], it is probable that TRALI cases reported to
the blood bank represent the “tip of the iceberg”. Although it is not known whether
adverse outcome in patients that develop TRALI is causal or merely reflective of
underlying disease severity, the clear association between transfusion and adverse
outcome [6-8] highlights the need for preventive measures.
Although the exact pathophysiology of TRALI is not known, there is near-universal
agreement that anti-leukocyte antibodies play a role. Human Leukocyte Antibodies
(HLA) and Human Neutrophil Antibodies (HNA) have been found in up to 85% of sera
of donors implicated in a TRALI reaction. HLA and HNA are thought to activate pulmonary neutrophils in the recipient, resulting in endothelial damage and pulmonary
edema. However, antibodies are not detected in all TRALI cases [9]. Also, many antibody-containing blood products fail to produce TRALI [10]. These supposed differences in susceptibility between individuals have led to the alternative hypothesis of
a ‘two-event’ model, in which the first hit is determined by recipient factors at the
moment of transfusion (e.g., mechanical ventilation or infection) causing priming of
the neutrophils. The second hit consists of the transfusion of antibodies present in
the blood product. Alternatively, biologically active substances which accumulate
during storage of blood products may provide additional signals in the activation of
neutrophils [11].
In recent years, there has been evolving interest in the prevention of TRALI. One
of the most important preventive measures has been the exclusion of female
plasma donors, which has led to a relevant reduction of the incidence of (reported)
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TRALI [4,12], as well as a reduction of respiratory complications following multiple
blood transfusions [13,14]. In addition to the antibody hypothesis, the ‘two-hit’
concept may have several implications for efforts to prevent TRALI. Recipient factors can be modified aiming to reduce susceptibility for TRALI as much as possible.
Furthermore, optimization of preparation and storage conditions of blood products
may attenuate the second hit.
This review will focus on strategies to prevent TRALI. Advantages and disadvantages
of various preventive measures will be discussed, related to both patient factors and
blood component-processing strategies, including donor management and practices
of preparation and storage conditions of blood components and transfusion policy.

Incidence of TRALI
Hemovigilance programs report variable TRALI incidences, ranging from 1:29.000 to
1:260.000 for all transfused blood products [5,15-17], suggesting that TRALI is a rare
complication of transfusion. Other data suggest much higher incidences with TRALI
occurring in 1 per 1120-5000 transfused products [18,19].
For several reasons, records from hemovigilance programs may underestimate TRALI
incidence. Hemovigilance programs rely on spontaneous reporting. Active follow-up
of transfused patients with computer-assisted screening showed a TRALI incidence
of 0.85%, in contrast to the spontaneously reported incidence that was only 0.24%
[20]. Look-back investigations and retrospective studies confirm under-reporting of
TRALI [10,21]. A lack of knowledge among clinicians further contributes to underrecognition [22]. Also, despite the consensus definition, imputability criteria exist
in various countries. These differences in local diagnostic criteria (i.e., France and
UK take the presence of antibodies into account) contribute to variance in reported
incidences and probably to underdiagnosing, in particular of nonimmune TRALI. Of
note, some of the criteria of the consensus definition are subjective, leading to interobserver variability in classifying cases of respiratory distress after transfusion.
TRALI incidence may be higher in critically ill patients and cardiac surgery patients.
Not only are these patients frequently exposed to allogenic blood products, they
often have an underlying condition (e.g., sepsis or mechanical ventilation) that promotes sequestration and priming of neutrophils in pulmonary capillaries. In line with
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the ‘two-event’ hypothesis, primed neutrophils may be prone to signals in the blood
product that mediate activation and additional lung injury after transfusion. Prospective cohort studies showed an incidence of 5-8% in transfused intensive care
unit (ICU) patients, with an incidence of TRALI per transfused unit of approximately
1% [7,8].

Outcome of TRALI
Most patients who develop TRALI need some kind of respiratory support; indeed
up to 70% require invasive mechanical ventilation [18] and subsequent ICU admission. When TRALI develops in critically ill patients, duration of mechanical ventilation is prolonged and ICU and hospital length of stay increased compared to controls
[8,23]. The mortality of TRALI is considerable; up to 21% of TRALI patients die [4].
In the critically ill, TRALI is an important contributor to mortality, with 42-47% mortality in TRALI patients compared to 23-25% in transfused controls who did not
develop ALI [7,8]. In addition to increased hospital mortality, long-term survival is
also significantly decreased for critically ill medical patients with TRALI compared to
critically ill transfused controls without TRALI [23]. Taken together, TRALI may not
be a rare disorder and the syndrome contributes to adverse outcomes. Therefore,
efforts to decrease TRALI are mandatory.

Pathogenesis of TRALI
Immune-mediated TRALI
In 65-85 % of TRALI cases, antibodies to HLA or granulocytes can be demonstrated in
one of the administered blood products [18,24,25]. Involved antibodies are mainly
directed against HLA class I, HLA class II or HNA and are thought to react with the
cognate antigen on the recipients’ neutrophils [26,27]. This interaction triggers a
cascade of inflammatory responses, culminating in pulmonary endothelial damage
leading to an increase in pulmonary vascular permeability and subsequent leakage
of a protein-rich pulmonary exudate [28]. In approximately 60% of the recipients,
presence of the cognate antigen can be demonstrated [18]. Most involved donors
in immune-mediated TRALI are multiparous women, since pregnancy is strongly
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associated with allo-immunization [29]. Both HLA class I and HLA class II antibodies
are implicated in TRALI. Antibodies against HNA-3a (5b) are less frequently involved
but associated with more severe cases of TRALI [30-32].
Non-immune-mediated TRALI
As antibodies do not seem to play a role in a substantial number of TRALI cases [8],
an alternative pathophysiological explanation implicates a ‘two event’ model [11], in
which the underlying condition of the patient predisposes to a TRALI reaction [33].
In primed recipients, biological response modifiers that accumulate during storage
of cellular blood components have been implicated, including lysophosphatidylcholines (LysoPCs), nonpolar lipids (arachidonic acid and 5-, 12-, and 15-hydroxyeicsotetranoic acid) [34-36], inflammatory cytokines and soluble CD40 ligand (sCD40L)
[37]. These substances induce activation of primed neutrophils in the recipient,
resulting in release of inflammatory cytokines and endothelial damage [11,35,38].
Results from experimental studies show that transfused antibodies also function as
the second hit [27], implicating that the two hit concept and the immune-mediated
concept are not mutually exclusive. A threshold model has been suggested [39], in
which a threshold must be overcome to induce a TRALI reaction. Whether TRALI
evolves, depends both on the presence of primed neutrophils in the recipients as
well as the potential of the transfused product to activate these neutrophils.

Prevention of TRALI using donor-management strategies
Ideally, donor-management strategies should be consistent within individual organizations and across transfusion medicine [40]. However, there is a lack of consensus
among institutions and different countries regarding the management of donors
implicated in TRALI [41,42]. In 2006 and 2007, the American Association of Blood
Banks (AABB) recommended US blood-collecting facilities to take actions to mitigate the risk of TRALI [43,44]. By 2009, 90% of blood centers instituted a platelet
and/or plasma risk-reduction policy, although a wide variation regarding the type of
implemented measures exists [42].
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Screening all donors for HLA and/or HNA antibodies
Various cohort studies have shown that the prevalence of HLA antibodies ranges
from 1 to 7% in individuals who have never been alloexposed [45-47]. An important limitation of antibody screening is the lack of a gold standard and uniformity in
antibody testing. To detect HLA antibodies, many different tests are available, with
various cutoff values. Currently there are no published data to assess the sensitivity
of a particular assay cutoff value for preventing TRALI [42,46]. Thereby, consensus
regarding deferral of donors who test positive for antibodies is lacking [41,48]. Testing for granulocyte antibodies is time consuming and requires large amounts of test
cells. Novel, more efficient assays for HLA and HNA antibody detection are underway [49,50], but not yet widely available.
In conclusion, testing of all donors for antibodies is a costly and time consuming
strategy to prevent TRALI, due to both the low prevalence of antibodies in unexposed donors as well as the limitations of the available assays [51].
Screening previously alloexposed donors for HLA and/or HNA antibodies
Transfusion can lead to sensitization of recipients, albeit with very different reported
numbers, ranging from 1 to 12% [45,51]. Pregnancy is the most important reason for
sensitization of the donor population [29,45,51,52]. About 10% of previously pregnant women have HLA-antibodies [32,53] and this number increases to 26-39% in
women who have had three or more pregnancies [29,45,51,52].
In 2009, a US survey on TRALI risk-reduction strategies showed that some, but not
all centers, tested for leukocyte allo-antibodies in alloexposed donors [42]. Although
indications for HLA testing varied widely (e.g., number of pregnancies, history of
transfusion or transplantation), the most common scenario was to screen women
with one or more pregnancies [42]. None of the centers screened for HNA antibodies. Powers et al. demonstrated that donor history indeed is a reliable predictor of
HLA alloimmunization [51]. In addition, the predictive value of a positive HLA antibody screen increases when the test is restricted to individuals with a higher pretest probability of HLA sensitization [47,51]. However, it is still unclear if alloexposed
donors who harbor antileukocyte antibodies should be deferred.
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Donor deferral based on antibody screening
Prospective follow-up of transfusion outcomes suggests that HLA antibodies infrequently cause TRALI [50] and deferral of all donors that test positive for HLA antibodies could result in an unnecessary loss of donors. In contrast to HLA antibodies,
HNA-3a (5b) antibodies are associated with more severe cases of TRALI [30,32]. In
2008, the International Society of Blood Transfusion recommended to consider
deferral of donors with HNA-3a antibodies from blood donation [54].
To establish if a TRALI case is antibody mediated, implicated donors and recipients
should be tested to detect antibody and cognate antigen interaction. However,
investigations are often incomplete as recipient samples for HLA and HNA typing can
be obtained only in a minority of TRALI cases [40]. Therefore, it was recommended
not to test donors for leukocyte antibodies in clinically unsubstantiated cases of
TRALI, or in cases in which critical information is lacking [40].
In conclusion, it is obvious that donors implicated in a proven case of TRALI should
be permanently deferred from further donations [10]. Donors with HLA or nonspecific HNA antibodies who are implicated in a case of TRALI, could be directed to
donating low plasma-volume products if causation is excluded by cross-match or
recipient typing studies [40]. Finally, it seems reasonable to defer all donors who
test positive for HNA-3a antibodies.
Donor deferral based on alloexposure
In Europe, most previously transfused donors are already deferred, in order to
decrease the risk of prion transmission [47,55]. In the USA, donors are deferred for
12 months after receiving a transfusion. As less than 5% blood donations are made
by previously transfused donors [56] and the rate of alloimmunization is low after
previous transfusion [45], the deferral of transfused blood donors is not considered
to be an effective TRALI mitigation strategy.
As noted, alloexposure also occurs after pregnancy. Transfusion of plasma from multiparous female donors led to a significant worsening in oxygenation and increased
inflammatory response compared to control plasma of non-alloexposed donors
[14]. Furthermore, a case referent study of 83 TRALI cases showed that the relative
risk of developing TRALI was 19 (CI 95% 1.9-191) after transfusion of plasma-rich
products from female donors [12]. In addition, in 71% of TRALI fatalities reported
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to the American Red Cross, a female antibody-positive donor was identified [57].
Thereby, a strategy could be to defer women reported to have been pregnant.
Half of blood donations in the USA are made by female donors, of which two thirds
reported one or more pregnancies [45,51]. In 2006, in the USA it was recommended
to exclude parous women as fresh frozen plasma (FFP) and platelet apheresis
donors, as one of the several possible interventions to prevent TRALI [44]. This led
to a reduction in reported TRALI cases from plasma transfusion [58]. Also, in 2007,
Switzerland adopted a policy to exclude parous women and donors testing positive
for HLA antibodies from the production of quarantine FFP [55].
A limitation to deferring parous women only will be the failure to defer female
donors with antibodies, who could not or did not accurately inform the blood bank
on abortion or miscarriages. About 8% of nulliparous women have HLA antibodies, probably owing to missed ectopic pregnancies and premature abortions [29].
Thereby, an alternative strategy is to defer all women from donation of plasma.
Deferral of all female donors
In 2003, the National Blood Service, which supplies 83% of blood components in the
UK, was the first to introduce a predominantly male donor strategy for FFP production and for suspension of buffy coat-derived pool platelets. This resulted in a significant drop in reported TRALI cases associated with transfused FFP and platelets.
Since 2005, no concordant antibody-positive cases of TRALI have been reported [4].
Also, in surgical patients receiving multiple transfusions, use of predominantly male
plasma significantly reduced the onset of ALI [13] or respiratory distress [59].
In 2007, The American Red Cross implemented a strategy based on preferential use
of plasma collected from male donors. As a result, 95% of distributed plasma for
transfusion was collected from male donors [40]. This strategy resulted in a significant reduction in TRALI associated with plasma transfusion (odds ratio: 0.21 95% CI:
0.08-0.45) [58]. Although not all blood collecting facilities in the USA implemented
a gender-based donor strategy, male only was the most frequently implemented
policy to reduce TRALI risk from apheresis platelets. Furthermore, 91% of the blood
centers had a plasma risk-reduction policy, which in some centers included maleonly plasma [42].
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In conclusion, exclusion of female donors prevents the majority of TRALI cases
caused by plasma rich products. However, TRALI due to red blood cell transfusion
and pooled platelets are not prevented.

Consequences of donor deferral for blood-banking practice
Preventing TRALI by screening or excluding (sub) groups of donors will have implications for blood-banking practice. The key issue is finding a balance between safety
and maintaining adequate supply of blood products.
Deferral based on antibody screening
Leukocyte antibody screening of only previously alloexposed and consequential
deferral of those with HLA antibodies, will lead to a loss of up to 10% of apheresis
donors and 7% of whole blood donations [32,51,56]. Deferral of all donors with any
leukocyte antibody from donation of any blood product would result in a loss of 9%
of donors [47]. An alternative option is exclusion based on the type of antibody, such
as, deferral of those with HNA-3a antibodies and HLA antibodies that react with HLA
antigens that are highly prevalent. Obviously, donors with circulating antibodies that
have been implicated in TRALI in which the cross match with the recipient is confirmed, should be deferred from further donations [40].
Deferral based on alloexposure
As most previously transfused donors are already deferred to decrease the risk of
prion transmission [47,55], implementation of this strategy will have limited effect
on blood-banking practice.
However, deferral of all previous pregnant women from donating plasma-rich blood
components however, would lead to a substantial loss of donors. As discussed previously, approximately 50% of donors are female and up to 65% of them have been
pregnant [29]. If all these women would be excluded, it is estimated that this would
result in a loss of 30% of whole blood donations and nearly a quarter of all apheresis
platelet donations [56]. In Spain, apheresis donations from females with a history of
pregnancy and positive for HLA antibodies are used for plasma derivates. This led to
16% loss of transfusable apheresis plasma and 12% loss of apheresis platelets from
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female donors. The latter could be compensated with platelets obtained from whole
blood donors. However, the loss of transfusable apheresis plasma was temporarily troublesome and it was occasionally necessary to import FFP from other blood
banks [60].
Deferral of all women
This strategy carries the risk of unnecessary loss of donors and blood that would be
safe for most recipients. However, in the UK, the implementation of predominantly
male FFP was not accompanied by loss of any donors [4]. Also in The Netherlands,
the male-only plasma measure was implemented without significant costs or serious threat to the plasma supply [61]. By contrast, calculations from the American
Red Cross Blood Service estimated that deferring all female donors would result in
a nearly 50% reduction in the units of whole blood available for plasma manufacturing. Deferral of female apheresis platelet donors would result in a loss of 37%
of apheresis platelet donations [56]. It is expected that the loss of female-derived
transfusable plasma units can be compensated, but the losses of apheresis platelet
would impact clinical care and are considered unacceptable.
A possible explanation for this discrepancy in loss of platelet donations is the difference in how platelets are collected. In the USA the predominant method is apheresis, while in Europe buffycoat-derived platelet pools are used. The latter also contain
some residual plasma, but can be resuspended in male plasma or additive solution
(AS), which has only recently became available in the USA [4]. In general, apheresis platelet risk-reduction policies led to an increased production of whole-blood
derived platelets in 25% of the blood centers [42].
In conclusion, deferral of all female plasma donations is proven to be feasible and
efficient in reducing TRALI. The deferral of all female platelet apheresis donations
without substantial losses is currently not feasible. Furthermore, to prevent unnecessary loss of donors, it should be emphasized that female donors remain eligible to
donate cellular components, but that their plasma would be preferentially diverted
to fractionation rather than infusion [57].
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Prevention of TRALI by modifying product preparation and storage
condition
Leukoreduction
Many countries and numerous blood-collecting facilities in the USA had implemented universal prestorage leukoreduction by the end of the 1990s. Its implementation is associated with decreased in-hospital mortality, which can possibly be
attributed to a decrease in the amount of inflammatory transfusion reactions [62].
According to the two-event model, TRALI can result from transfusion of bioactive
lipids that accumulate during storage of cellular blood components. Prestorage
leukoreduction of red blood cells reduces accumulation of cytokines [63], with a
concomitant attenuation of neutrophil-priming activity compared with non-leukoreduced blood [64]. However, accumulation of non-polar lipids is not attenuated
by prestorage leukoreduction of red blood cells and these lipids have been shown
to induce ALI in a two-event in vivo model of TRALI [36]. In addition, observational
studies on the effect of leukoreduction on ALI and TRALI incidence have shown conflicting results [65-69]. Of note, only a small minority (<10%) of TRALI cases result
from the interaction of transfused white blood cells with antibodies in the recipient
[60].
Blood product leukoreduction leads to reduced allo-exposure of transfused individuals, which consequently reduces the sensitization rates of these individuals
[68]. However, as rates of alloimmunization are modest and transfused individuals
are excluded from donation, it is doubtful whether leukoreduction attributes to a
reduced incidence of TRALI.
Decreasing storage time
During storage, the erythrocyte undergoes numerous changes and acquires proinflammatory properties, collectively referred to as the “red cell storage lesion”
[70]. In addition, bioactive lipids (LysoPCs) that accumulate in cellular blood components during storage are associated with increased neutrophil-priming activity
of the blood product [71,72]. Indeed, the accumulated lipids have been shown to
induce TRALI in a two-event model of TRALI in rats [35,38] and the occurrence of
TRALI has been linked with transfusion of blood containing lipids with significant
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neutrophil-priming activity [34]. Of note, association of aged red blood cells and
transfusion-related morbidity and mortality has mainly been found in studies performed in the USA [27,35,73], but not outside the USA [8,74], which may suggest a
difference in product preparation or storing processes of red blood cells. In a study
performed in The Netherlands, stored red blood cells did not show lysoPC accumulation, nor neutrophil priming [72].
Besides lipids, sCD40L has been implicated in TRALI [36-38]. Levels of sCD40L were
increased in platelet products associated with TRALI compared to control platelet products and sCD40L had neutrophil-priming capacity in vitro [37]. Of note,
although observational studies report associations between prolonged storage of
blood products and respiratory failure in patients after cardiac surgery and trauma
[73,75], storage time could not be linked to TRALI in observational trials [7,8].
Altering storage conditions
Of interest, the accumulation of LysoPCs depends on the percentage of plasma
present in the storage medium [72]. The use of ASs for the resuspension of platelets (platelet additive solution) or erythrocytes (SAG-M) can reduce the amount of
plasma content in the final product. However, since even small amounts of plasma
can cause TRALI, these substances will not totally eliminate this risk [76]. Whether
the use of ASs will reduce the incidence of TRALI remains to be determined.
Washing of red blood cells can reduce the concentration of HLA and HNA antibodies,
which could reduce the incidence of TRALI [41]. Also, Silliman et al. demonstrated
that washing of stored packed red blood cells reduces neutrophil-priming activity of
the product [77]. Indeed, in a two-hit rat transfusion model, transfusion of washed
red blood cells prevented onset of TRALI [78]. Whether washing can be performed
without diminishing the oxygen-delivering capacity remains to be determined. At
present, there are no clinical data available about washing of blood components
and TRALI.
In conclusion, preparation and storage conditions of blood components are involved
in the pathophysiology of TRALI. However, it is not yet known whether specific
measures regarding the preparation or storage of blood products influences TRALI
incidence [41].
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Preparation of solvent detergent plasma
Solvent/detergent (S/D) plasma (Octaplas®) is prepared from pools containing
plasma from 500-1600 donations, which leads to at least a 500-fold dilution of
donations containing leukocyte antibodies. Indeed, no HLA Class I or II or granulocyt
agglutinating antibodies could be detected in S/D plasma [79]. After introduction of
S/D plasma in Norway [79], no cases of TRALI have been reported in recipients so
far [17,80].
A concern of the use of pooled plasma has been the occurrence of prion diseases.
However, to date, this has not been reported. Another limitation to implementation
of S/D plasma is financial. The replacement of all units of FFP in the UK by S/D plasma
is estimated to cost £9.2 million/year to prevent 107 cases of TRALI [81]. The introduction of the use of male-only FFP may further negate supposed beneficial effects
of S/D plasma on the incidence of TRALI.

Reducing recipient exposure to blood products
The most important measure to prevent TRALI is to enforce appropriate use of
blood products. A restrictive transfusion strategy reduces the incidence of ALI in the
critically ill [82] and is associated with decreased mortality [83]. Multiple-unit transfusions to correct for anaemia are still common practice. Also, inappropriate use of
blood products (i.e., outside of guidelines) is still frequent, including the use of FFP
for the reversal of warfarin and for prevention of hemorrhage in case of prolonged
coagulation parameters. A measure to reduce inappropriate transfusion may be the
use of computerized transfusion algorithms [84]. However, blood transfusion cannot
be completely avoided. Indeed, data from combat trauma patients have led to more
aggressive use of FFP and platelets for the resuscitation of severe bleeding patients
[85]. Thereby, FFP and platelet use in the UK has remained virtually unchanged in
the past decade [86].
Of note, there is an emerging interest in the use of alternative products to correct
coagulation disturbances. A recent trial showed that the use of tranexamic acid in
trauma patients significantly reduced mortality [87]. Furthermore, the use of point
of care tests to assess coagulation (e.g., ROTEM®) in combination with transfusion
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algorithms has shown to reduce the amount of transfused blood products in trauma
and cardiac surgery [88,89].

Modifying host factors to reduce susceptibility for TRALI
Patient-related risk factors for TRALI have recently been identified. These include
mechanical ventilation, cardiothoracic surgery, sepsis, trauma and hematologic
malignancy [7,8]. Most of these factors cannot be modified. However, measures that
attenuate ALI are likely to raise the threshold for TRALI. Protective mechanical ventilation strategies using low tidal volumes in mechanical ventilation reduce mortality
with 22% in ALI/acute respiratory distress syndrome [90] and injurious mechanical
ventilation with high tidal volumes is shown to aggravate TRALI in a mouse model
[91]. Therefore, it seems reasonable to apply lung protective ventilation strategies in
patients subjected to a blood transfusion. In addition, fluid-restrictive management
has been shown to reduce ventilation days in patients with ALI [92]. It is conceivable
that these results also apply to TRALI.

Expert commentary
TRALI is a relevant clinical problem with substantial morbidity and mortality in certain patient populations. In the past decade, important preventive measures have
been implemented. The deferral of female donors for FFP production has led to a
reduction of TRALI cases. Depending on blood bank practices, such a policy is feasible without inferring with adequate blood supply. Preventing TRALI due to platelet
transfusion is more complicated. Deferral of all women from donating apheresis
platelets does not seem feasible, since this will lead to a substantial loss of donors
and, consequently, clinical supply problems. Antibody testing of platelet donors can
be considered, but has considerable limitations. However, at present, antibody testing of alloexposed platelet donors seems a reasonable TRALI risk-reduction strategy. Alternative measures to prevent TRALI are the resuspension of pooled platelets
in male plasma, which was relatively easily implemented in the UK and The Netherlands, or the addition of platelet AS instead of plasma.
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However, the above measures will only prevent immune-mediated cases of TRALI
due to FFP or platelet transfusion. Also, patients with a decreased threshold to
develop TRALI (e.g., those who are critically ill) are at risk to develop TRALI, even if
the transfused product only contains a small amount of plasma. Further research in
optimizing preparation and storage conditions with the aim to reduce accumulation
of bioactive substances is warranted.
It needs to be elucidated whether it is beneficial to implement tailor-made transfusion therapy for specific patient populations at risk for TRALI. This could potentially
include the preferential use of ‘fresh’ blood products, S/D plasma or washed blood
products, platelets from male-only or antibody-negative donors and possibly even
male-only red blood cell products.
Finally, despite extensive evidence about the harmful effects of blood products,
inappropriate use is still common. Awareness needs to be heightened among clinicians and studies on the use of alternative products need to be encouraged.

Five-year view
Consensus needs to be reached concerning donor deferral and antibody screening of donors. To improve donor screening, standardized HLA and HNA tests are
needed. In addition, stronger evidence is needed regarding the effect of deferral of
donors that harbor antibodies, in order to maximize TRALI prevention with the least
possible loss of donors. Furthermore, to prevent unnecessary deferral of donors
with leukocyte antibodies, both donor testing and crossmatching with the recipient’s cells or typing of the recipient’s cells should be performed when TRALI is suspected. A prerequisite to prevent use of products from donors implicated in TRALI
is universal use of the consensus definition for reporting of TRALI cases to the blood
bank.
The deferral of female plasma donors has been shown to be effective and feasible
and is expected to be applied in more countries. For other plasma-rich products
(e.g., platelets), deferral of all females is not feasible. Guidelines on donor screening
and deferral are warranted.
It remains to be elucidated whether the use of fresh blood products is beneficial
compared with prolonged storage, which is associated with the accumulation of bio-
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active substances. Results of the ABLE trial, which compared fresh blood with standard transfusion care in critically ill patients [101], may help to answer this question.
Awareness among clinicians about risk factors for TRALI needs to be heightened,
especially among those who are involved in the care of high-risk patients, such as
ICU physicians, anesthesiologists and hematologists.
Results should be awaited of trials investigating the (preventive) use of plasma-rich
products in critically ill patients with a coagulopathy [102-104]. In addition, the ongoing RELIEVE trial might clarify whether a restrictive transfusion policy in critically ill
is safe and advantageous [105]. Hopefully, the results of these trials will further contribute to the appropriate use of blood products.
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Abstract
Transfusion-related acute lung injury (TRALI) is the leading cause of transfusion
related morbidity and mortality. Immune-mediated TRALI is caused by leucocyte
and neutrophil antibodies in the transfused blood products that react with white
blood cell antigens of the recipient, hereby inducing endothelial damage and lung
injury. About two thirds of TRALI cases are thought to be immune-mediated. Both
Human Leucocyte Antibodies (HLA Class I and II) and Human Neutrophil Antibodies
(HNA) are involved in TRALI. Most antibodies result from allo-exposure of the blood
donor, with multiparous donors having the highest incidence of antibodies. Detection of anti-leucocyte and anti-neutrophil antibodies is complex and many uncertainties still exist regarding the interpretation of the test results.
In this review we discuss the evidence and effectiveness of measurements to prevent immune-mediated TRALI from a bloodbank and bedside perspective. From a
bloodbank perspective various preventive measures have been implicated. In some
countries bloodbanks have successfully implemented donor selection strategies,
ranging from testing of allo-exposed donors for leucocyte antibodies to the exclusion of all females from donating high plasma volume products. Another strategy
involves dilution of antibodies present by pooling of plasma donations of multiple
donors.
From a bedside view, the most important measure to prevent TRALI is to limit
patients’ exposure to allogenic bloodproducts. Furthermore recognition and awareness of the syndrome need to be heightened among clinicians.
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Introduction
Transfusion-related acute lung injury (TRALI) is the leading cause of transfusionrelated morbidity and mortality [1-4]. Although traditionally regarded as a rare syndrome, recent studies show that the incidence is high in specific patient populations
such as critically ill patients [5-7] and significantly contributes to adverse outcome
[7,8]. A two-event hypothesis has been postulated that may explain the high incidence in the critically ill [9,10]. The first event is an underlying inflammatory condition, causing priming of the pulmonary neutrophils and the pulmonary vascular
endothelium. The second event is the transfusion of a blood product containing
either antibodies or factors that accumulate during storage, providing additional
signals for neutrophil-mediated endothelial damage and lung injury. In general the
mediators of the second hit can be divided into immune-mediated onset of TRALI
(human leucocyte antibodies and human neutrophil antibodies) and non-immunemediated (factors that accumulate during storage of cell containing blood products
such as lysophospatidylcholines, sCD40L). In line with the two-event model, critically ill patients are at high risk for acquiring TRALI. Incidences up to 8% of patients
transfused have been reported for this patient population [5,7]. Generally stated to
have a good prognosis, recent studies show that development of TRALI has a significant effect on morbidity and mortality. At this time, treatment of TRALI is directed
to supportive care as no therapeutic strategy exists. From this point of view, countries started preventive measurements including donor exclusion policies. In the
present review the focus will be on the prevention of immune-mediated TRALI, the
prevention of non-immune-mediated TRALI will be discussed elsewhere in the issue.
The perspective of this review will be from a bloodbank and a bedside view.

Methods and Materials
The Medline database was used to identify medical subject’s headings (MeSH) to
select search terms. In addition to MeSH terms, we also used free–text words. Search
terms referred to aspects of the condition (“TRALI”, “prevention”) as well as related
topics (“human neutrophil antibodies”, “human leucocyte antibodies”, “fresh frozen
plasma” and “platelet transfusion”). Relevance of each paper was assessed using the
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on–line abstracts. In addition, the reference lists of retrieved papers were screened
for potentially important papers.

Background
In 1983 Popovsky et al. published the first landmark report on the association
between the presence of leucocyte antibodies in the donor serum and onset of
acute lung injury (ALI) in the recipient of the transfusion [11]. They described 5 cases
of transfusion-related ALI in which in all cases leuco-agglutinating and lymphocytotoxic antibodies were found in plasma of the transfused blood products. In 3 cases,
the antibodies corresponded to the HLA antigens of the recipient. It was also recognized that multiparous blood donors whose plasma contained these antibodies represented a potential transfusion hazard. A following report of the same group first
identified TRALI as a distinct clinical entity, they reported granulocyte-reactive and
lymphocytotoxic antibodies in the sera of 89% and 72% of the blood donors implicated in 36 cases of TRALI, respectively. Subsequently, many other authors have
reported on the association between the presence of antibodies against human leucocyte antigens (HLA) or human neutrohpil antigens (HNA) in donor blood and the
onset of TRALI in the recipient [2,12,13]. Although elucidation of the pathogenesis of
TRALI is not complete, the role of transfused blood donor HLA and HNA antibodies
is widely accepted.

Leucocyte antibodies involved in TRALI
Antibodies in transfused blood products against HNA, HLA-class I and HLA-class II
can cause TRALI in the recipient. The antibodies involved are mostly IgG alloantibodies produced after pregnancy, transfusion or transplantation, but can also be
present in a small percentage of apparently non-immunized donors [14-16]. The
number of TRALI cases due to antibodies in the recipient binding to the cognate
antigens on the white cells in the blood products is reduced after the introduction of
leuco-depletion of blood products [17].
Up to now, eight HNA are known [18,19]. Furthermore, a small percentage of
Caucasians is deficient for FcγRIIIb which can lead to immunization and FcγRIIIb
alloantibody production (tables 1 and 2) [20]. Of these antibodies, HNA-1a, 1b, 2
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Table 1: Overview of Human Neutrophil Antigens [16].
Antigen Carrier glycoprotein CD
Antigen
System
HNA-1
FcγRIIIb
CD16b HNA-1a

CD177 glycoprotein

FCGR3B*02

HNA-1c

FCGR3B*03
Null allele

CD177 HNA-2*

HNA-4

HNA-5

CTL2
MAC-1;CR3;αmβ2integrin
LFA-1;αLβ2-integrin

See table 2
FcRIIIb gene deficient

CD177*01

CD177 deficient
HNA-3

Gene

FCGR3B*01

HNA-1b
FcγRIIIb deficient
HNA-2

Allele

HNA-3a

SLC44A2*01

incorrect splicing
process**
SLC44A2*461G

HNA-3b

SLC44A2*02

SLC44A2*461A

ITGAM*01

ITGAM*230G

ITGAM*02

ITGAM*230A

ITGAL*01

ITGAL*2372G

ITGAL*02

ITGAL*2372C

CD11b HNA-4a

CD11a HNA-5a

* In HNA-2 positive individuals negative neutrophil subpopulations are present due to
lack of gene transcription caused by three mutations: A793C, G1084A and possibly C49G.
Furthermore, atypical HNA-2 expression causing two distinct HNA-2 positive neutrophil
populations can be due to the mutations A134T, G156A and G1333A [91].
**Incorrect splicing process generating premature stop codons [92].
Table 2: HNA-1 polymorfisms
Nucleotide/AA
Position/position
141/36
227/65
266/78
277/82
349/106

HNA-1a
Nucl/AA
G/Arg
A/Asn
C/Ala
G/Asp
G/Val

HNA-1b
Nucl/AA
C/Ser
G/Ser
C/Ala
A/Asn
A/Ile

HNA-1c
Nucl/AA
C/Ser
G/Ser
A/Asp
A/Asn
A/Ile

and especially the strong neutrophil agglutinating HNA-3a antibodies have been
implicated in TRALI [16,21,22]. This is somewhat biased as antibody detection and
identification until recently were mostly limited to these antigens as antibody identification panels (including antigen negative donor neutrophil suspensions) for HNA3b, 4a and 5a were not available.
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Detection of antibodies involved in TRALI
Guidelines for the detection of granulocyte specific antibodies are given by the International Granulocyte Immunology Working party [23]. The use of the Granulocyte
ImmunoFluorescence Test (GIFT)[24], the Granulocyte Agglutination Test (GAT)[25]
and the Monoclonal Antibody Immobilization of Granulocyte Antigens (MAIGA)[26]
assay are advised. In the GIFT, antibody binding on complete neutrophils is tested.
In the GAT, microscopically visible agglutination of neutrophils in the presence of
the investigated serum is scored. Both the GIFT and the GAT can be used to screen
for the presence of antibodies and identification of these antibodies depending on
the typed donor panels used. Both tests are scored semi-quantitatively with the
possible reaction strength variation of weak to strong positive ((+), 1+, 2+, 3+ and
4+). In the GAT agglutination of neutrophils can be scored. This agglutination is seen
for all HNA antibodies and for several HLA antibodies. The MAIGA is a glycoprotein
specific ELISA based on the Monoclonal Antibody Immobilization of Platelet Antigen (MAIPA), a test used to identify platelet-reactive antibodies [27]. MAIGA can
be used for the identification of all HNA antibodies, except for HNA-3 antibodies
as Choline Transporter-Like protein 2 (CTL2, the carrier for HNA-3), specific monoclonal antibodies that can be used in the MAIGA are not available yet. In most
laboratories screening and identification of granulocyte specific antibodies in TRALI
cases was limited to the GIFT and GAT, after which some laboratories confirmed the
detected antibodies in the MAIGA. Both for HLA and granulocyte specific antibodies
it is assumed that the amount of antibodies in the blood product is of importance to
overcome a certain threshold to induce TRALI. For this reason, in several countries
female plasma, with a higher risk of containing antibodies due to immunization during pregnancies, is limited to less than 30 ml per blood product intended for transfusion [28-30]. A decrease in reported TRALI cases in the different hemovigilance
schemes shows a positive effect of this intervention [31,32]. However, this measurement will not prevent all immune-mediated TRALI as TRALI-cases after transfusions
of blood products containing less than 30 ml plasma have been reported [16,33].
It seems also plausible that HNA antibody reaction strength plays a key-role in
the occurrence of TRALI, but until now no granulocyte specific antibody reaction strength studies have been performed. Most granulocyte specific antibodies
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implicated in TRALI cases are IgG antibodies. Quite often weak, a-specific granulocyte reactive IgM antibodies are detected in sera of TRALI associated donors and
random screened donors, but our personal opinion is that these (very) weak a-specific antibodies do not cause TRALI [15].
Both HLA-class I and –class II antibodies can cause TRALI. Class I antibodies can activate neutrophils [34,35] by binding to their cognate antigens expressed on neutrophils or on endothelial cells after which neutrophils can be ‘trapped’ by binding via
the Fc receptors. However, a recent study in mice showed that macrophages and
complement activation are important in the onset of HLA Class I induced TRALI [36].
HLA class II antigens are not expressed on neutrophils but can cause TRALI by binding to the recipient monocytes leading to activation, release of soluble mediators
and activation of neutrophils [37-40]. Frequently detected HLA antibodies in TRALI
implicated donors have specificity for HLA-A2 and HLA-DR4 [21,37] which is partly
due to the high antigen frequency (in the Caucasian population 48% is HLA-A2 and
23% HLA-DR4 positive) causing frequent exposure to the antigens in pregnancy and
after transfusion or transplantation. However, this cannot be the only explanation
for the high frequency of these antibodies as other antibodies against equally frequent antigens are detected less in TRALI implicated donors.
Several different antibody detection techniques, such as the Lymphocyte ImmunoFluorescence Test (LIFT)[41], HLA antibody ELISAs [42], Complement Dependent Cytotoxicity (CDC) assay [43,44] and HLA specific flow cytometry beads assays
[45,46], are available for detection of HLA antibodies. In many laboratories, the easy
to perform, flow cytometric beads assays replaced the CDC in the past five to ten
years. Both beads with multiple HLA antigens for the screening of HLA class I and II
antibodies and single antigen beads for antibody identification are available [47].
Results are expressed in mean immunofluorescence intensity (MFI). Since the introduction of these beads assays many more HLA antibodies are detected. The high
sensitivity can be due to the concentration of antigens on the beads but seem to
be strongly dependent of the cut-off values used. The specificity and clinical importance of these extra antibodies is still unclear and needs to be studied [48-51].
A recently published study by Hashimoto et al. [52] shows significant stronger mean
HLA antibody reaction strength in donors implicated in TRALI cases compared with
a non- hemolytic transfusion reaction (NHTR) group. This is a first indication that
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antibody reaction strength is important, but although the means differed significantly, individual antibodies varied in the TRALI group from strong to weak reactive
and further studies are necessary.
To confirm the imputability of the detected antibodies, a cross match between leucocytes (lymphocytes and neutrophils) of the patient and serum of the donors is
necessary. Cross matching with neutrophils of the patient can be done in the GIFT,
GAT and MAIGA. Cross matching with lymphocytes is not possible in the beads
assays, and must be done in the CDC or LIFT.
If cross matching is not possible, HLA and HNA genotyping can show if the patient is
positive for the cognate antigens for the detected antibodies in donor blood.

Donor characteristics
Important in prevention of immune-mediated TRALI is to understand which donors
have a high incidence of HLA or HNA antibodies. Donor risk factors for HLA Class I
and HLA Class II antibody formation include allo-exposure to white blood cells. Taking this into account two groups could be at risk; multiparous donors and donors
exposed to blood transfusion.
Multiparous donors
Densmore et al. investigated whether the likelihood of HLA allo-immunization
increases with the number of pregnancies. In multiple reports it is shown that the
likelihood of HLA allo-immunization increases with the number of pregnancies from
1-9% in the absence of previous pregnancies up to 32-38% of multiparous women
harboring HLA antibodies [15,53,54]. The clinical significance of donor gender was
furthermore demonstrated in two studies in critically ill patients reporting worsened oxygenation after FFP transfusion from (multiparous) female donors [6,55].
From these results it can be concluded that exclusion of female or more specific
multi-parous women from high volume plasma products may result in prevention of
TRALI. Effect of such strategies will be discussed later on in this review.
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Donors previously exposed to transfusion
Allo-exposure by transfusion can induce antibody formation in donors, however the
prevalence of HLA antibodies in previously transfused donors is low [54]. For the
prevention of variant Creuzfeldt-Jakobs disease, all individuals transfused after 1980
have been excluded from donation in the UK since 2004 and in The Netherlands
since February 2005. However, this is not a wide spread donor exclusion strategy
and due to the low prevalence of allo-immunization it is unlikely that a significant
percentage of donors harbouring antibodies is excluded.
HLA antibody formation after blood transfusion occurs from exposure to HLA
antigens present on the transfused leucocytes. From this point of view it could be
hypothesized that leucocyte-reduced blood components, would reduce the rates of
allo-immunization. A meta-analysis however showed that allo-immunization varied
considerably between studies and range from 7% to 44% among recipients of leucocyte-reduced blood transfusions and from 20% to 50% among control recipients
of non-leucoreduced blood components [56]. Therefore leucoreduction of blood
components is not likely to reduce TRALI due to HLA antibodies from previously
transfused donors. Other factors that influence the rate of HLA allo-immunization
from transfusion include the number of units transfused, the underlying clinical condition resulting in transfusion, the time since transfusion and the method used for
detecting HLA antibodies [57,58].
Until recently, the prevalence of HLA antibodies in transfused donors was not well
characterized. However, a recent study obtained from 7,920 donors (2,086 males
and 5,834 females) transfusion and pregnancy history and tested them for HLA Class
I and Class II antibody presence [53]. Of interest, HLA antibody prevalence did not
significantly differ between 895 transfused (1.7%) and 1138 non-transfused males
(1.0%), [OR 1.75; 95%CI 0.80-3.82]. Prevalence in 45 transfused nulliparous females
(4.4%) was not statistically different from the 1.6% prevalence in 1732 non-transfused nulliparous females [OR 2.94, 95% CI 0.68- 12.74]. However, Middelburg et al.
showed a positive association between transfusion and the presence of leucocyte
antibodies in 148 transfused donors in a total cohort of 6034 tested donors. They
showed the highest risk difference (3.0) for granulocyte specific antibodies and an
overall risk difference of 5.8 for any leucocyte antibodies after transfusion [15].
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Epidemiology of immune-mediated TRALI
According to the consensus definition TRALI develops within 6 hours of a transfusion, however some authors advocate an extension of the definition with a “delayed
TRALI syndrome”. This delayed form of TRALI that can arise up to 72 hours after
transfusion, is thought to result from non-immune mediated TRALI in the majority
of the cases [59]. However, clinically it is impossible to distinguish if a case of TRALI
is immune or non-immune mediated.
Although, from a blood bank view, immunologic work-up of reported TRALI cases
and involved donors reveals the approximate percentage of immune-mediated
TRALI, still these data should be considered with caution as reporting is often passive
and different definitions of TRALI are applied, sometimes even dependent whether
the immunologic work-up was positive. However, in general it is assumed that up to
two thirds of TRALI-cases can be explained by presence of HLA or HNA antibodies.
In line with this, the exclusion of female donors (the highest risk population among
donors to have HLA-HNA antibodies) from donation of high plasma volume products
has resulted in a decrease of approximately 66% of reported TRALI cases [60-62].
Probably, these numbers still do not reflect the real incidence of immune- and nonimmune-mediated TRALI as most of the reports are based on passive reporting to
the bloodbank, which was shown to be non-representative [63].
Taking into account these limitations, immune-mediated TRALI reflects approximately two thirds of all TRALI cases. Studies reporting TRALI-cases show donor antibodies against cognate antigens present on leucocytes of the affected recipients for
approximately 25-41% of HLA Class I antibodies, in 52-68% of HLA Class II antibodies,
and 8-28% for granulocyte antibodies [21,64-66].

Prevention of immune-mediated TRALI from a bloodbank
perspective
Excluding donors
The alarming TRALI figures in haemovigilance schemes were reason for blood supply organizations to introduce TRALI preventive measures based on donor exclusion strategies [28,32,67]. Based on results of TRALI series and observational cohort
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Table 3: Overview of results of male only donor strategies
Reference Type of study
and inclusion
Palfi
RCT
[55]
active
Wright
Retrospective
[62]
active

Population
ICU

Country Study year Endpoint Effect size
Sweden 1995-1997 P/F

N/A

Surgery

UK

1998-2006 onset
TRALI

National UK

2002-2005 onset
TRALI
2004-2007 onset
TRALI

OR (95%
yes
CI) 0.39
(0.16-0.90)
N/A
yes

SHOT
[28]
Vlaar
[7]

Retrospective
passive
Retrospective
active

Eder
[78]

Retrospective
passive

National US

2006-2008 onset
TRALI

Wiersum
[61]

Retrospective
passive

National Netherlands

2002-2009 onset
TRALI

Vlaar
[81]
Nakazawa
[93]
Toy
[94]

Retrospective
active
Prospective
active
Prospective

Surgery

Netherlands
Japan

2006-2009 onset
TRALI
2008-2008 P/F< 300 N/A

United
States

2006-2009 onset
TRALI

ICU

Surgery
General
hospital
population

Netherlands

RR (95% CI)
0.35 (0.140.88)
OR (95%
CI) 0.21
(0.08-0.45)
PAR (95%
CI) 0.33
(0.09-0.51)
N/A

Effective
yes

yes

yes

yes

no
yes

Incidence yes
(95% CI)
before
2.57 (1.723.86), after
0.81 (0.441.49)*

P/F=PaO2-FiO2 ratio, RCT=randomized controlled trial, PAR= population-attributable risk,
RR=relative risk, CI=confidence interval, N/A=non-applicable, * TRALI incidence % (95%
CI) per 10.000 units transfused before (2006) and after (2009) introduction of a male only
donor strategy.

studies [18,27] exclusion of blood components with HLA and/or HNA antibodies
containing high plasma volumes was considered. As large scale antibody screening was laborious and expensive the known high HLA immunization rate for ever
pregnant women was reason for many blood centers, starting in the UK in 2003,
to preferentially use plasma from male donors for the production of high plasma
volume blood components (whole blood, FFP, multi donor buffy-coat platelet concentrates). This preventive transfusion strategy resulted in a decline in antibody
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mediated TRALI cases as was shown in different haemovigilance schemes (see also
table 3)[60-62,68,69].
Testing donors for antibodies
A less rigorous policy than the above mentioned one is testing all donors or at risk
donors for presence of HLA or HNA antibodies. Except for the high labor and costs
involved, large scale HLA and HNA antibody screening possibilities were not readily
available in 2003. In recent years this partly changed with the introduction of the
beads based flow cytometry HLA antibody screening techniques. Unfortunately, in
most laboratories the introduction of these techniques was not in time to influence
the TRALI prevention policy and screening for HLA class I and HLA class II antibodies
is only used (in a growing number of laboratories) on top of the female exclusion
strategy for the female apheresis blood components. The apheresis donation loss
due to positive results in these beads based antibody screening techniques largely
depends on the number of pregnancies and assay cut-offs used. A recent study by
Carrick et al. showed a donation loss varying from 0.9% to 5.8% [70].
Up to now, no large scale antibody screening techniques for the clinically important
HNA are available. Only a few blood centers test female apheresis donors for the
presence of antibodies against HNA-1a, 1b, 2a and 3a.
Pooling
In order to prevent immune-mediated TRALI, high plasma volume containing blood
products can be prepared from a pool of multiple donors. By pooling of up to hundreds donations, dilution of any leucocyte antibodies present occurs, in addition
antibodies may be neutralized by soluble HLA antigens in the pool. Concerns of
pooling are multiple donor exposure and transmission of viruses and prion diseases.
Therefore Solvent/Detergent treatment is a prerequisite when pooled plasma is
used.
Solvent Detergent plasma (S/D plasma) is prepared from pools of 500 to 1600 single
donor units. Sachs et al. screened 20 batches of S/D plasma and could not detect
HLA class I and II antibodies, nor did they demonstrate granulocyte-agglutinating
antibodies [71]. Norway implemented the use of S/D plasma (Octaplas®) in 1993
and no cases of TRALI have been reported after the use of more than 300.000 units
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[29,72]. Of note, it has not been determined if S/D plasma also prevents TRALI in
recipients with a lowered threshold (e.g. critically ill) to develop TRALI, since even
small amounts of antibodies might elicit TRALI in these patients. In addition, the use
of S/D plasma is costly. In the UK it was calculated that replacement of FFP by S/D
plasma in order to prevent 107 cases of TRALI would cost up to £9.2 million/year
[73]. Since this report, a male-only FFP policy was instituted in the UK resulting in a
striking reduction of TRALI, making the use of S/D plasma to prevent a case of TRALI
even more costly.
Platelets can be collected by apheresis from a single donor or from pools of buffycoat derived platelets. Single donor apheresis is preferred in the US, while in Europe
it is more common to use pooled platelets. To prevent immune-mediated TRALI
from apheresis platelets, allo-exposed donors are tested and those harboring leucocyte antibodies are deferred [74]. The deferral of all female platelet apheresis
donors, as with plasma donations, is likely to hamper the adequate supply of platelets and is considered not feasible [75]. Alternatively, platelets can be derived from
whole blood and pooled, to overcome the risk of TRALI by dilution of potential
leucocyte antibodies present in any of the donors’ plasma, the platelets should be
re-suspended in male plasma or platelet additive solution (PAS). However, multiple
donor exposures increase the risk of viral infection and whether pooled platelets
carry a lower TRALI risk compared to apheresis platelets, remains to be determined.
Recently, the French Hemovigilance Network reported 18 cases of TRALI due to
apheresis platelets and none after the transfusion of pooled platelets [76]. However,
a systematic review based on the limited available data demonstrated that the risk
was approximately equal for both products [77].
In conclusion, the use of S/D plasma may prevent immune-mediated TRALI due to
plasma transfusion, but implementation is currently not cost-effective. Furthermore, it is not clear whether the beneficial effect also holds true for high risk TRALI
patient populations such as critically ill. It remains to be determined if TRALI risk differs among pooled and apheresis platelets. Although, current measures to prevent
immune-mediated TRALI by deferral of antibody positive or allo-exposed apheresis
donors is proving effective [21,78].
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Prevention of immune-mediated TRALI from a bedside perspective
Recognition and awareness of TRALI
To prevent TRALI, identification of donors implicated in a case of TRALI is essential;
therefore recognition of TRALI by clinicians is vital. Furthermore, diagnostic workup needs to be complete and donors should only be deferred if causality is proven
by antibody testing including cross-matching or recipient typing. However, among
clinicians there is a lack of awareness of TRALI and underreporting is confirmed by
look back investigations and retrospective studies [6,12]. Lack of knowledge about
TRALI among clinicians has shown to be an important contributor to underreporting
[79]. Furthermore, despite the consensus definition [1] differences in local diagnostic criteria still exist (e.g., use of imputability criteria in certain countries). Also, even
if the consensus definition is applied mild cases and patients who develop symptoms
more than 6 hours after transfusion will be missed. It should be kept in mind that the
consensus definition does not exclude inter-observer variability in classifying cases
of respiratory distress after transfusion. Respiratory deterioration can be attributed
to other causes (e.g., trauma, sepsis or pneumonia), which may lead to misclassification of TRALI cases, in particular in ICU patients. TRALI is considered to be a diagnosis of exclusion by some physicians and a pre-transfusion inflammatory condition
is even a reason to withhold from reporting of a suspected TRALI case [63]. In the
near future, increasing knowledge and subsequent recognition of TRALI among clinicians is warranted in order to prevent multiple TRALI cases from a single donor.
To achieve this it is important to educate physicians on the incidence, pathogenesis
and diagnosis of TRALI. Furthermore, insight how to process a suspected TRALI case
through the haemovigilance schemes in the hospitals might also be a good source
for education purposes.
Identifying patients with first hit
As stated earlier TRALI incidence is higher in critically ill patients [5,7]. These patients
are frequently exposed to allogenic blood products, in addition they often have an
underlying condition that induces priming of neutrophils (e.g., sepsis, cardiac surgery or the need for mechanical ventilation) in pulmonary capillaries. These primed
neutrophils may be prone to HLA and/or HNA antibodies in the blood product, which
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mediate activation and additional lung injury after transfusion. Patient factors associated with an increased risk of ALI after transfusion, include sepsis, mechanical ventilation, trauma and hematological malignancies [5,80]. This also applies to patients
undergoing cardiac surgery, in whom TRALI significantly contributes to an adverse
outcome [81]. However, most of these factors cannot be modified, but measures
that attenuate ALI possibly raise the threshold for TRALI. Protective mechanical ventilation strategies using low tidal volumes reduce mortality with 22% in ALI/ARDS
[82] and injurious mechanical ventilation with high tidal volumes aggravates experimental TRALI [83]. Therefore, it seems reasonable to apply lung protective ventilation strategies in patients subjected to a blood transfusion.
Transfusion-related risk factors for the development of TRALI are the amount of
blood products, larger volumes of plasma containing products, donor sex and parity. In patients with an increased risk for TRALI (e.g., those with a ‘first hit’), it might
be plausible to introduce a ‘tailor made’ transfusion policy. This would include
transfusion of plasma containing components from male only donors. Of note, such
strategy has been shown to reduce the incidence of TRALI in the general patient
population [21,61]. However, in a cohort of cardiac surgery patients use of male
plasma only was not shown to reduce TRALI incidence [83]. It should be mentioned
that this study was not designed to demonstrate such an effect and the number of
included patients was relatively low.
In conclusion, host factors contribute to increased susceptibility for immune-mediated TRALI. Although the underlying condition cannot be modified, supportive care
and treatment modalities need to be applied cautiously. To date, evidence for utility
of a ‘tailor made transfusion’ strategy in high-risk patients is lacking.
Restrictive transfusion practice
From a bedside perspective, the most important measure to prevent TRALI is to limit
patient’s exposure to allogenic blood products. In critically ill, the incidence of ALI
is reduced when a restrictive transfusion policy is applied [84] and such strategy is
associated with decreased mortality [85].
Blood products highly associated with the onset of immune-mediated TRALI are
high volume plasma products such as platelet concentrates and fresh frozen plasma
[5]. Prevention of immune-mediated TRALI should be focused on minimizing the use
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of these blood products. Although it is not feasible to completely avoid the use of
these blood products in daily practice, the use of plasma rich blood components can
be reduced by using alternatives. A recent trial showed that the use of tranexamic
acid in trauma patients significantly reduced mortality [86]. Furthermore, the use of
FFP should be limited to bleeding patients, since evidence for prophylactic use of FFP
to prevent bleeding is lacking. However, a recent survey among UK ICUs indicated
that up to 50% of FFP is administered to non-bleeding patients, either to prevent
bleeding in patients with prolonged coagulation parameters or to reverse warfarin
therapy [87]. In addition, despite a more restrictive transfusion trigger in the critically ill, multiple unit transfusion to correct for anaemia is still common practice.
The inappropriate use of blood products can be limited by the use of computerized
transfusion algorithms [88]. In trauma and cardiac surgery, the use of point of care
coagulation tests (e.g. ROTEM®) combined with transfusion algorithms also reduces
the amount of transfused blood [89,90].
In order to prevent immune-mediated TRALI and to limit inappropriate use of blood
products, transfusion algorithms need to be implemented and clinicians’ awareness
of appropriate and restrictive use of these products needs to be heightened.

Conclusion
TRALI is a serious complication of transfusion and significantly increases morbidity
and mortality. Currently, from a blood bank perspective two major strategies exist
which have proven to prevent immune-mediated TRALI. The first strategy is aimed
at exclusion of allo-exposed donors from donating high volume plasma containing
blood products, the second strategy is aimed at dilution of antibodies present in
high volume plasma products by means of pooling. From a bedside perspective,
TRALI can be prevented by limiting inappropriate use of blood products. A future
bedside perspective might involve tailor made blood products for patients at risk
for developing TRALI.

240

Prevention of TRALI; from bloodbank to patient

References
1.

Goldman M, Webert KE, Arnold DM, et al.: Proceedings of a consensus conference:
towards an understanding of TRALI. Transfus Med Rev 2005;19: 2-31

2.

Holness L, Knippen MA, Simmons L, et al.: Fatalities caused by TRALI. Transfus Med Rev
2004;18: 184-188

3.

Kleinman S, Caulfield T, Chan P, et al.: Toward an understanding of transfusion-related
acute lung injury: statement of a consensus panel. Transfusion 2004;44: 1774-1789

4.

Stainsby D, Jones H, Asher D, et al.: Serious hazards of transfusion: a decade of hemovigilance in the UK. Transfus Med Rev 2006;20: 273-282

5.

Gajic O, Rana R, Winters JL, et al.: Transfusion-related acute lung injury in the critically
ill: prospective nested case-control study. Am J Respir Crit Care Med 2007;176: 886-891

6.

Rana R, Fernandez-Perez ER, Khan SA, et al.: Transfusion-related acute lung injury and
pulmonary edema in critically ill patients: a retrospective study. Transfusion 2006;46:
1478-1483

7.

Vlaar AP, Binnekade JM, Prins D, et al.: Risk factors and outcome of transfusion-related
acute lung injury in the critically ill: A nested case-control study. Crit Care Med 2010;38:
771-778

8.

Li G, Kojicic M, Reriani MK, et al.: Long-term survival and quality of life after transfusionassociated pulmonary edema in critically ill medical patients. Chest 2010;137: 783-789

9.

Bux J, Sachs UJ: The pathogenesis of transfusion-related acute lung injury (TRALI). Br J
Haematol 2007;136: 788-799

10. Silliman CC: The two-event model of transfusion-related acute lung injury. Crit Care
Med 2006;34: S124-S131
11. Popovsky MA, Abel MD, Moore SB: Transfusion-related acute lung injury associated
with passive transfer of antileukocyte antibodies. Am Rev Respir Dis 1983;128: 185-189
12. Kopko PM, Marshall CS, MacKenzie MR, et al.: Transfusion-related acute lung injury:
report of a clinical look-back investigation. JAMA 2002;287: 1968-1971
13. Popovsky MA, Moore SB: Diagnostic and pathogenetic considerations in transfusionrelated acute lung injury. Transfusion 1985;25: 573-577
14. Endres RO, Kleinman SH, Carrick DM, et al.: Identification of specificities of antibodies
against human leukocyte antigens in blood donors. Transfusion 2010;50: 1749-1760
15. Middelburg RA, Porcelijn L, Lardy N, et al.: Prevalence of leucocyte antibodies in the
Dutch donor population. Vox Sang 2011;100: 327-35
16. Reil A, Keller-Stanislawski B, Gunay S, et al.: Specificities of leucocyte alloantibodies in
transfusion-related acute lung injury and results of leucocyte antibody screening of
blood donors. Vox Sang 2008;95: 313-317
17.

Blumberg N, Heal JM, Gettings KF, et al.: An association between decreased cardiopulmonary complications (transfusion-related acute lung injury and transfusion-associated circulatory overload) and implementation of universal leukoreduction of blood
transfusions. Transfusion 2010;50: 2738-44

241

Chapter 13

18. Moritz E, Norcia AM, Cardone JD, et al.: Human neutrophil alloantigens systems. An
Acad Bras Cienc 2009;81: 559-569
19. Muschter S, Berthold T, Greinacher A: Developments in the definition and clinical
impact of human neutrophil antigens. Curr Opin Hematol 2011;18: 452-460
20. de Haas M, Kleijer M, van Zwieten R, et al.: Neutrophil Fc gamma RIIIb deficiency,
nature, and clinical consequences: a study of 21 individuals from 14 families. Blood
1995;86: 2403-2413
21. Chapman CE, Stainsby D, Jones H, et al.: Ten years of hemovigilance reports of transfusion-related acute lung injury in the United Kingdom and the impact of preferential use
of male donor plasma. Transfusion 2009;49: 440-452
22. van Stein D, Beckers EA, Sintnicolaas K, et al.: Transfusion-related acute lung injury
reports in the Netherlands: an observational study. Transfusion 2010;50: 213-220
23. Bierling P, Bux J, Curtis B, et al.: Recommendations of the ISBT Working Party on Granulocyte Immunobiology for leucocyte antibody screening in the investigation and prevention of antibody-mediated transfusion-related acute lung injury. Vox Sang 2009;96:
266-269
24. Verheugt FW, von dem Borne AE, Decary F, et al.: The detection of granulocyte alloantibodies with an indirect immunofluorescence test. Br J Haematol 1977;36: 533-544
25. Jiang AF, Lalezari P: A micro-technique for detection of leukocyte agglutinins. J Immunol
Methods 1975;7: 103-108
26. Bux J, Kober B, Kiefel V, et al.: Analysis of granulocyte-reactive antibodies using an
immunoassay based upon monoclonal-antibody-specific immobilization of granulocyte
antigens. Transfus Med 1993;3: 157-162
27.

Kiefel V, Santoso S, Weisheit M, et al.: Monoclonal antibody--specific immobilization of
platelet antigens (MAIPA): a new tool for the identification of platelet-reactive antibodies. Blood 1987;70: 1722-1726

28. Shot Annual report 2005: www.shotuk.org: SHOT annual report 2005;
29. Flesland O: A comparison of complication rates based on published haemovigilance
data. Intensive Care Med 2007;33: S17-S21
30. Funk MB, Guenay S, Lohmann A, et al.: Benefit of transfusion-related acute lung injury
risk-minimization measures - German haemovigilance data (2006-2010). Vox Sang
2012;102: 317-23
31. Knowles S, Cohen H: The 2010 Annual SHOT report (2011); in: 2011.
32. Schipperus MR, Wiersum-Osselton JC: On behalf of the TransfusieReacties In Patienten
(TRIP) Steering Group. TRIP rapport 2009 hemovigilantie. www.tripnet.nl.; in: 2009.
33. Win N, Chapman CE, Bowles KM, et al.: How much residual plasma may cause TRALI?
Transfus Med 2008;18: 276-280
34. Kelher MR, Masuno T, Moore EE, et al.: Plasma from stored packed red blood cells and
MHC class I antibodies causes acute lung injury in a 2-event in vivo rat model. Blood
2009;113: 2079-2087

242

Prevention of TRALI; from bloodbank to patient

35. Takahashi D, Fujihara M, Azuma H, et al.: Stimulation of human neutrophils with sera
containing HLA Class I alloantibody causes preferential degranulation of azurophilic
granules and secretory vesicles. Vox Sang 2010;98: 560-566
36. Strait RT, Hicks W, Barasa N, et al.: MHC class I-specific antibody binding to nonhematopoietic cells drives complement activation to induce transfusion-related acute lung
injury in mice. J Exp Med 2011;208: 2525-44
37.

Bux J: Antibody-mediated (immune) transfusion-related acute lung injury. Vox Sang
2011;100: 122-128

38. Nishimura M, Hashimoto S, Takanashi M, et al.: Role of anti-human leucocyte antigen
class II alloantibody and monocytes in development of transfusion-related acute lung
injury. Transfus Med 2007;17: 129-134
39. Sachs UJ: Recent insights into the mechanism of transfusion-related acute lung injury.
Curr Opin Hematol 2011;18: 436-442
40. Sachs UJ, Wasel W, Bayat B, et al.: Mechanism of transfusion-related acute lung injury
induced by HLA class II antibodies. Blood 2011;117: 669-677
41. Décary F: A look at HLA antisera in the indirect immunofluorescence technique (LIFT).
Histocompatibility testing 1975; 380-90
42. Uboldi de CM, Pratico L, Curtoni ES: Comparison of different techniques for detection of
anti-HLA antibodies in sera from patients awaiting kidney transplantation. Eur J Immunogenet 2002;29: 379-382
43. Phelan DL, Rodey GE, Anderson CB: The development and specificity of antiidiotypic
antibodies in renal transplant recipients receiving single-donor blood transfusions.
Transplantation 1989;48: 57-60
44. Terasaki PI, McClelland JD: Microdroplet assay of human serum cytotoxins. Nature
1964;204: 998-1000
45. Pei R, Lee J, Chen T, et al.: Flow cytometric detection of HLA antibodies using a spectrum
of microbeads. Hum Immunol 1999;60: 1293-1302
46. Wahrmann M, Exner M, Haidbauer B, et al.: [C4d]FlowPRA screening--a specific assay
for selective detection of complement-activating anti-HLA alloantibodies. Hum Immunol 2005;66: 526-534
47.

Colombo MB, Haworth SE, Poli F, et al.: Luminex technology for anti-HLA antibody
screening: evaluation of performance and of impact on laboratory routine. Cytometry
B Clin Cytom 2007;72: 465-471

48. Bray RA, Gebel HM: Strategies for human leukocyte antigen antibody detection. Curr
Opin Organ Transplant 2009;14: 392-397
49. Claas FH, Doxiadis II: Human leukocyte antigen antibody detection and kidney allocation within Eurotransplant. Hum Immunol 2009;70: 636-639
50. Doxiadis II, Roelen D, Claas FH: Mature wines are better: CDC as the leading method to
define highly sensitized patients. Curr Opin Organ Transplant 2010;15: 716-9
51. Zoet YM, Brand-Schaaf SH, Roelen DL, et al.: Challenging the golden standard in defining donor-specific antibodies: does the solid phase assay meet the expectations? Tissue
Antigens 2011;77: 225-228

243

Chapter 13

52. Hashimoto S, Nakajima F, Kamada H, et al.: Relationship of donor HLA antibody strength
to the development of transfusion-related acute lung injury. Transfusion 2010;50: 258291
53. Kakaiya RM, Triulzi DJ, Wright DJ, et al.: Prevalence of HLA antibodies in remotely transfused or alloexposed volunteer blood donors. Transfusion 2010;50: 1328-1334
54. Triulzi DJ, Kleinman S, Kakaiya RM, et al.: The effect of previous pregnancy and transfusion on HLA alloimmunization in blood donors: implications for a transfusion-related
acute lung injury risk reduction strategy. Transfusion 2009;49: 1825-1835
55. Palfi M, Berg S, Ernerudh J, et al.: A randomized controlled trial oftransfusion-related
acute lung injury: is plasma from multiparous blood donors dangerous? Transfusion
2001;41: 317-322
56. Vamvakas EC: Meta-analysis of randomized controlled trials of the efficacy of white
cell reduction in preventing HLA-alloimmunization and refractoriness to random-donor
platelet transfusions. Transfus Med Rev 1998;12: 258-270
57.

Gleichmann H, Breininger J: Over 95 per cent sensitization against allogeneic leukocytes
following single massive blood transfusion. Vox Sang 1975;28: 66-73

58. Lubenko A, Rodi KM: The detection by enzyme-linked immunosorbent assays of noncomplement-fixing HLA antibodies in transfusion medicine. Transfusion 1998;38: 41-44
59. Marik PE, Corwin HL: Acute lung injury following blood transfusion: expanding the definition. Crit Care Med 2008;36: 3080-3084
60. Vlaar AP, Binnekade JM, Schultz MJ, et al.: Preventing TRALI: ladies first, what follows?
Crit Care Med 2008;36: 3283-3284
61. Wiersum-Osselton JC, Middelburg RA, Beckers EA, et al.: Male-only fresh-frozen
plasma for transfusion-related acute lung injury prevention: before-and-after comparative cohort study. Transfusion 2011;51: 1278-83
62. Wright SE, Snowden CP, Athey SC, et al.: Acute lung injury after ruptured abdominal
aortic aneurysm repair: the effect of excluding donations from females from the production of fresh frozen plasma. Crit Care Med 2008;36: 1796-1802
63. Vlaar AP, Wortel K, Binnekade JM, et al.: The practice of reporting transfusion-related
acute lung injury: a national survey among clinical and preclinical disciplines. Transfusion 2009;50: 443-451
64. Curtis BR, McFarland JG: Mechanisms of transfusion-related acute lung injury (TRALI):
anti-leukocyte antibodies. Crit Care Med 2006;34: S118-S123
65. Keller-Stanislawski B, Reil A, Gunay S, et al.: Frequency and severity of transfusionrelated acute lung injury--German haemovigilance data (2006-2007). Vox Sang 2010;98:
70-77
66. Wiersum-Osselton JC, Porcelijn L, van Stein D., et al.: Transfusion-related acute lung
injury (TRALI) in the Netherlands in 2002-2005. Ned Tijdschr Geneeskd 2008;152: 17841788
67.

244

Annual Hemovigilance Report Swissmedic 2008, http://www.swissmedic.ch: in: 2011.

Prevention of TRALI; from bloodbank to patient

68. Eder AF, Herron R, Strupp A, et al.: Transfusion-related acute lung injury surveillance
(2003-2005) and the potential impact of the selective use of plasma from male donors
in the American Red Cross. Transfusion 2007;47: 599-607
69. Lin Y, Saw CL, Hannach B, et al.: Transfusion-related acute lung injury prevention measures and their impact at Canadian Blood Services Transfusion 2012;52: 567-74
70. Carrick DM, Norris PJ, Endres RO, et al.: Establishing assay cutoffs for HLA antibody
screening of apheresis donors. Transfusion 2011;51: 2092-2101
71. Sachs UJ, Kauschat D, Bein G: White blood cell-reactive antibodies are undetectable in
solvent/detergent plasma. Transfusion 2005;45: 1628-1631
72. Flesland O, Seghatchian J, Solheim BG: The Norwegian Plasma Fractionation Project--a
12 year clinical and economic success story. Transfus Apher Sci 2003;28: 93-100
73. Riedler GF, Haycox AR, Duggan AK, et al.: Cost-effectiveness of solvent/detergenttreated fresh-frozen plasma. Vox Sang 2003;85: 88-95
74. Kleinman S, Grossman B, Kopko P: A national survey of transfusion-related acute lung
injury risk reduction policies for platelets and plasma in the United States. Transfusion
2010;50: 1312-1321
75. Rios JA, Schlumpf KS, Kakaiya RM, et al.: Blood donations from previously transfused
or pregnant donors: a multicenter study to determine the frequency of alloexposure.
Transfusion 2011;51: 1197-1206
76. Ozier Y, Muller JY, Mertes PM, et al.: Transfusion-related acute lung injury: reports to
the French Hemovigilance Network 2007 through 2008. Transfusion 2011;51: 21022110
77.

Vamvakas EC: Relative safety of pooled whole blood-derived versus single-donor
(apheresis) platelets in the United States: a systematic review of disparate risks. Transfusion 2009;49: 2743-2758

78. Eder AF, Herron RM, Jr., Strupp A, et al.: Effective reduction of transfusion-related acute
lung injury risk with male-predominant plasma strategy in the American Red Cross
(2006-2008). Transfusion 2010;50: 1732-1742
79. Kram R, Loer SA: Transfusion-related acute lung injury: lack of recognition because of
unawareness of this complication? Eur J Anaesthesiol 2005;22: 369-372
80. Gajic O, Rana R, Mendez JL, et al.: Acute lung injury after blood transfusion in mechanically ventilated patients. Transfusion 2004;44: 1468-1474
81. Vlaar AP, Hofstra JJ, Determann RM, et al.: The incidence, risk factors, and outcome of
transfusion-related acute lung injury in a cohort of cardiac surgery patients: a prospective nested case-control study. Blood 2011;117: 4218-4225
82. The Acute Respiratory Distress Syndrome Network:Ventilation with lower tidal volumes
as compared with traditional tidal volumes for acute lung injury and the acute respiratory distress syndrome. N Engl J Med 2000;342: 1301-1308
83. Vlaar AP., Wolthuis EK, Hofstra JJ, et al.: Mechanical ventilation aggravates transfusion-related acute lung injury induced by MHC-I class antibodies. Intensive Care Med
2010;36: 879-87

245

Chapter 13

84. Yilmaz M, Keegan MT, Iscimen R, et al.: Toward the prevention of acute lung injury:
protocol-guided limitation of large tidal volume ventilation and inappropriate transfusion. Crit Care Med 2007;35: 1660-1666
85. Hebert PC, Wells G, Blajchman MA, et al.: A multicenter, randomized, controlled clinical
trial of transfusion requirements in critical care. N Engl J Med 1999;340: 409-417
86. Shakur H, Roberts I, Bautista R, et al.: Effects of tranexamic acid on death, vascular
occlusive events, and blood transfusion in trauma patients with significant haemorrhage (CRASH-2): a randomised, placebo-controlled trial. Lancet 2010;376: 23-32
87.

Walsh TS, Stanworth SJ, Prescott RJ, et al.: L Prevalence, management, and outcomes of
critically ill patients with prothrombin time prolongation in United Kingdom intensive
care units. Crit Care Med 2010;38: 1939-1946

88. Rana R, Afessa B, Keegan MT, et al.: Evidence-based red cell transfusion in the critically ill: quality improvement using computerized physician order entry. Crit Care Med
2006;34: 1892-1897
89. Schochl H, Nienaber U, Hofer G, et al.: Goal-directed coagulation management of major
trauma patients using thromboelastometry (ROTEM)-guided administration of fibrinogen concentrate and prothrombin complex concentrate. Crit Care 2010;14: R55
90. Shore-Lesserson L, Manspeizer HE, DePerio M, et al.: Thromboelastography-guided
transfusion algorithm reduces transfusions in complex cardiac surgery. Anesth Analg
1999;88: 312-319
91. Wolff J, Brendel C, Fink L, et al.: Lack of NB1 GP (CD177/HNA-2a) gene transcription in
NB1 GP- neutrophils from NB1 GP-expressing individuals and association of low expression with NB1 gene polymorphisms. Blood 2003;102: 731-733
92. Kissel K, Scheffler S, Kerowgan M, et al.: Molecular basis of NB1 (HNA-2a, CD177) deficiency. Blood 2002;99: 4231-4233
93. Nakazawa H, Ohnishi H, Okazaki H, et al.: Impact of fresh-frozen plasma from maleonly donors versus mixed-sex donors on postoperative respiratory function in surgical
patients: a prospective case-controlled study. Transfusion 2009;49: 2434-2441
94. Toy P, Gajic O, Bacchetti P, et al.: Transfusion related acute lung injury: incidence and risk
factors. Blood 2012;119:1757-67

246

Chapter 14
Low risk TRALI donor strategies and the impact on the onset
of transfusion-related acute lung injury; a meta-analysis

Marcella C.A. Müller*, Danielle van Stein*, Jan M. Binnekade, Dick J. van Rhenen,
Alexander P.J. Vlaar
*authors contributed equally

Accepted for publication in Transfusion

Chapter 14

Abstract
Background: Transfusion-related acute lung injury (TRALI) is the leading cause of
transfusion-related mortality. In the past decade blood banks have implemented
low risk TRALI donor strategies, including a male only donor policy for plasma containing blood products in order to prevent onset of TRALI. We performed a metaanalysis to determine whether use of low risk TRALI donor strategies for plasma
indeed reduces onset of TRALI.
Study design and Methods: We searched Medline and Cochrane Central Register of
Controlled Trials from January 1995 up to January 2013. Two reviewers independently extracted data on study characteristics, methods, and outcomes. Primary
endpoint was onset of TRALI. Subgroup analyses were performed for patient populations prone to develop TRALI and general patient populations.
Results: Ten articles were included. Meta-analysis using a random effects model taking into account all transfused products, showed a significant reduction for the risk
of TRALI after implementation of low risk TRALI donor strategies (OR 0.61 95%CI
0.42-0.88). Data from patient populations prone to develop TRALI showed a significant reduction of TRALI risk (OR 0.51 95%CI 0.29-0.90), while data from general
patient populations showed a similar non-significant trend (OR 0.66 95%CI 0.401.09). Results were similar when taking only plasma products into account (OR 0.62
95% 0.42-0.92).
Conclusion: The introduction of low risk TRALI donor strategies for plasma containing products results in a reduction of TRALI.
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Introduction
Transfusion-related acute lung injury (TRALI) is a life-threatening complication of
blood transfusion. It causes high morbidity and is the leading cause of transfusionrelated mortality for the last five years in the US [1]. TRALI is a clinical diagnosis
and defined as a new episode of acute lung injury (ALI) occurring during, or within
6 hours after a blood transfusion in the absence of hydrostatic edema [2,3]. TRALI
can be the result of a single event (e.g. transfusion), although most TRALI cases are
postulated to be a ‘two-event’ entity. The first event is related to the underlying
condition of the patient (e.g., infection or surgery) that causes activation of the pulmonary endothelium, leading to the sequestration and priming of neutrophils in
the lung. The second event is the transfusion of a blood product, which activates
the primed neutrophils in the lung, causing endothelial damage, and subsequently
TRALI [4].
The transfusion factors can be divided in antibody and non-antibody mediated
TRALI. Non-antibody mediated TRALI is caused by transfusion of stored cell containing blood products. Pro-inflammatory mediators which have accumulated during storage or the aged erythrocyte and platelet themselves have been implicated
in non-antibody mediated TRALI [4-7]. Antibody mediated TRALI is caused by passive infusion of antibodies which causes neutrophil activation [8]. The latter form
of TRALI is the most prevalent type [9,10] and will be subject of the current metaanalysis. Antibodies are present in plasma containing blood products. Plasma from
female donors has been particularly implicated in the pathogenesis of TRALI [1113]. Donor leukocyte reactive antibodies (HLA class I and II and anti-granulocyte
(HNA) antibodies) are mainly found in (multiparous) female donors. This might be
explained by allo-immunization during pregnancies [14]. Therefore, plasma derived
from male donors should less likely cause TRALI than plasma derived from women.
In 2003, the National Blood Service (NBS) in the UK was the first to implement a
precautionary measure to reduce TRALI by the preferential use of plasma from male
donors for transfusion [15]. Nowadays, more blood collection organizations have
taken similar measures (table 1). Most of them use only, or preferentially, plasma
from male donors for single donor plasma. Some blood collection organizations also
implemented a (pre-dominantly) male only donor strategy for other high volume
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Table 1 Overview of different low risk TRALI donor strategies [44].
Low risk TRALI donor strategies
Donor deferral based on antibody screening
Screening all donors for HLA and/or HNA antibodies
Screening previously alloexposed donors for HLA and/or HNA antibodies
Donor deferral based on history of pregnancy or history of transfusion
Deferral of all female donors

plasma products such as platelet concentrates [16]. However, the implementation
of these low risk TRALI donor strategies for plasma containing blood products have
serious consequences for the blood supply, in particular for the availability of AB
plasma. So far, effects of these high volume plasma donor policies have only been
published in observational studies [15,17-25].
To quantify the impact of low risk TRALI donor strategies for plasma on the onset of
TRALI, a meta-analysis of all trials on this topic since 1995 was performed.

Methods
The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
recommendations was used for this meta-analysis [26]. We did not register our protocol.
Study Selection Criteria
To identify and review all studies that met the following criteria: observational controlled trials of transfusion, plasma, transfusion-related acute lung injury and acute
lung injury were sought.
Search Strategy
To identify literature in electronic databases, MEDLINE from January 1, 1995,
through January 1, 2013 was searched, by using the following medical subject heading (MeSH) terms: blood transfusion, plasma, ARDS and ALI. The following text words
were used: TRALI and transfusion related acute lung injury. To identify observational
studies, the MeSH terms case-control study and retrospective study were added.
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The Cochrane Library (2012), which contains the CENTRAL Database of Controlled
Trials, the Database of Abstracts of Review Effectiveness, and the Cochrane Database of Systematic Reviews, was also searched.
In addition, the related articles feature of PubMed, which identifies related articles
by using a hierarchical search engine that is not solely based on MeSH headings,
was used. This search was completed with articles selected by 2 of the authors (AV
and MM). Although search was also for non–English-language citations, subsequent
article review involved only English-language publications.
Study Selection
After all citations based on our search strategy were identified, 2 of the authors (AV
and MM) independently reviewed each abstract to confirm eligibility. Eligible studies evaluated use of low risk TRALI donor strategies for plasma and onset of lung
injury and mortality. Low risk TRALI donor strategies were defined as predominantly
or male only donor policy for plasma products, plasma from donors screened for
absence of HLA/HNA antibodies and plasma from female donors without history
of pregnancy. Both controlled and observational trials were considered eligible. If
an abstract was selected as eligible, the same authors independently reviewed the
respective article, if available, to confirm that it met inclusion criteria. To resolve
discrepancies, the 2 reviewers either had to reach consensus, or use a third reviewer
(JB). Inter-observer agreement for study selection was determined by κ, with a value
above 0.80 indicating good agreement.
Data Extraction
Using a predefined data collection form, data from the studies to describe patient
characteristics, study methods, and study findings were extracted. All data were
abstracted independently by each of the 2 primary reviewers and verified for accuracy by the third reviewer, again with discussion used to resolve differences among
reviewers. Both primary reviewers were physicians with formal training in clinical
epidemiology and biostatistics. Corresponding authors of included studies were
requested by email to provide missing data for the meta-analysis.
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Data Synthesis and Analysis
Primary endpoint was the effect of the introduction of a low risk TRALI donor strategy for plasma containing products on occurrence of TRALI. Secondary endpoint
was the effect of the introduction of a low risk TRALI donor strategy for plasma containing products on mortality among TRALI patients. Two subsets were analyzed:
1) the group of studies with data from local registries (patients prone to develop
TRALI); 2) the group of studies with data from nationwide registries (general patient
population). As patients often receive different types of blood products we analysed
the effect of TRALI risk reduction strategies for all transfused products (denominator: total number of transfusions and numerator: all TRALI cases), in addition we
assessed the effects of TRALI risk reduction strategies on plasma-induced TRALI
(denominator: total number of plasma transfusions and numerator: plasma-induced
TRALI cases).
The percentage of agreement before discussion among reviewers in study selection, study design, and data abstraction was measured. For data synthesis, evidence
tables were constructed, to present data separately for the primary outcome variable: onset TRALI per transfused blood product and the secondary outcome variable:
30 day mortality. Furthermore data were presented based on study population e.g.
at risk patients (ICU and surgery) or general hospital/region population.
The study design was classified as a randomized clinical trial, cohort study (prospective, retrospective, or historical control), case-control study, or outcomes study
(cross-sectional).
The methodological quality of eligible studies was assessed using the modified
Newcastle-Ottawa scale, a validated instrument designed to evaluate the quality of
observational studies in systematic reviews and meta-analyses [27]. The quality of
cohort studies and case control studies were assessed separately. Methodology was
evaluated in three domains: selection of study population, comparability of study
groups and the quality of outcome assessment. The kappa (κ) statistic was used
to assess inter-observer agreement on study quality and a value above 0.80 was
defined as good agreement [28].
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Statistical analysis
The meta-analysis was performed with a random effects model [29]. A random
effect model, instead of a fixed effect model, was chosen to take into account heterogeneity of the studies. The common study characteristics are the incidence of
TRALI cases for the total number of blood products transfused. Effect sizes are
expressed as Odds ratio and their 95 % confidence intervals. The odds is the number
of TRALI cases by the number of transfused products in a defined context. An Odds
ratio lower than one expresses a protective effect of a low risk TRALI donor strategy for plasma products to prevent onset of TRALI. An Odds Ratio higher than one
shows a protective effect against TRALI of transfused products in the period before
the introduction of a male only donor policy. Heterogeneity was expressed by the
CHI2 test. A cut-off value p 0.10 was used to consider heterogeneity. A high p value
suggests that the heterogeneity is insignificant.
Analyses were performed in R: A language and environment for statistical computing. R Core Team (2013) [30].

Results
Study selection
Our pre-defined search strategy identified 118 records after removal of duplicates.
After title review 53 citations were excluded and an additional 28 were excluded
based on the abstract. Of 37 full text articles, 10 studies were considered eligible
(table 2) and 27 studies were excluded after detailed review. An overview of the
search is presented in figure 1. Inter-observer agreement for study selection was
good (κ = 0.84).
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Study characteristics
No randomized controlled trials were found on the effect of a low risk TRALI donor
strategy for plasma products on the onset of TRALI. Therefore we only included
observational studies. Of these, two studies were prospective [21,22]. The remaining 8 studies had a retrospective design. Five studies were carried out within national
registries using passive reporting of TRALI [15,18-20,24]. Four studies were carried
out in various high-risk TRALI populations (e.g. intensive care and surgery patients)
and in these studies TRALI was actively screened for [21-23,25]. One study was carried out in the general hospital patients, but using passive reporting [17]. All authors
used Canadian Consensus Criteria to diagnose TRALI [2,31] In four studies data were
also collected before 2004, the year of establishment of the Canadian Consensus
Criteria [15,20,24,25]. Of these studies, one used American-European consensus criteria for ALI within 6 hours of transfusion[25] and the second defined TRALI cases as
“acute dyspnea with hypoxia and bilateral pulmonary infiltrates occurring during or
in the 24 hours after transfusion, with no other apparent cause” [15]. The remaining two studies retrospectively applied the Canadian Consensus Criteria [20,24].
Majority of the included studies were able to implement a 95 to 100% male only
plasma donation policy. Two studies used, in addition to male only plasma, plasma
from female donors without history of pregnancy or without HLA/HNA antibodies
[19,22]. Four studies reported implementation of a male only donor strategy for
PLTs products, in addition to a male only donor strategy for plasma products, as this
are high plasma volume products as well [15,18,20,25]. Detailed characteristics of
included studies are shown in tables 2, 3a and 3b.
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Figure 2: Meta-analysis for the onset of TRALI expressed over all products transfused before
and after introduction of a low risk TRALI donor strategy for plasma containing products.

Effect sizes are expressed as Odds ratio and their 95 % confidence intervals. The Odds is the
number of TRALI cases by the number of transfused products. An Odds ratio lower than one
expresses a protective effect against TRALI of products transfused in the period after the
introduction of a low risk TRALI donor strategy for plasma.

Methodological quality
The methodological quality of cohort studies is summarized in table 4 and of casecontrol studies in table 5. Quality assessment revealed that risk of bias of patient
selection was low. However, included studies were heterogeneous regarding TRALI
surveillance, using passive or active reporting. In addition, in studies carried out
within national registries possibly not all transfused patients were observed for the
minimum of 6 hours, which may have resulted in underreporting of TRALI. How-
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Table 4. Quality of included cohort studies based on modified Newcastle-Ottowa Scale [27].
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Eder[18]
Wiersum[24]
Lin[20]
Funk[19]
Arinsburg[17]

Selection
Cohort
representative?

Reference

Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes

No
No
No
No
No
No
No

Yes
No
No
Yes
Yes
No
Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
No
Yes
Yes
Yes

Table 5. Quality of included case control studies based on modified Newcastle-Ottowa
Scale [27]

Outcome not
present at start of
study?

Adjustment for
confounding/bias

Assessment of
outcome blinded

Length of follow-up
appropriate?

Adequate of
follow-up of cohort?

Outcome

Ascertainment of
exposure clear?

Comparability

Non-exposed
cohort adequate?

Wright[25]
Vlaar[23]
Nakazawa[21]

Selection
Cohort
representative?

Reference

Yes
Yes
Yes

Yes
Yes
Yes

Yes
Yes
Yes

Yes
Yes
Yes

Yes
Yes
Yes

Yes
Yes
Yes

Yes
Yes
Yes

Yes
Yes
Yes

ever, this possible disadvantage was applicable for both periods, before and after
implementation of TRALI risk reduction strategies. None of the nationwide studies
corrected for confounding that may have been a possible source of bias. Blinded
endpoint assessment was carried out in 7 studies, leaving the possibility of interpretation bias in the other 3 studies [15,18,19]. Inter-observer agreement for the
quality assessment was good (median κ = 0.89 (range 0.40 to 1.0)). Heterogeneity
was assessed using I2 test. Heterogeneity was high (p<0.01) for all studies combined
and low for pre-defined subgroup analysis (p>0.10).
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Meta-analysis on the risk of TRALI
All TRALI cases
The effect of a low risk TRALI donor strategy for plasma containing products on
the occurrence of TRALI for all transfused products in all studies is summarized
in figure 2. Figures 3 and 4 show the effect of a low risk TRALI donor strategy for
plasma containing products for high-risk populations and from nationwide registries respectively. Four studies showed an association between the introduction of
a low risk TRALI donor strategy for plasma and a reduction of TRALI risk [17-19,22].
In five studies there was a trend to TRALI risk reduction after introduction of a low
risk TRALI donor strategy for plasma [15,20,21,23,25] TRALI risk was unaffected in
one study [24].
Pooled data of all studies showed a significant reduction for the risk of TRALI after
implementation of a low risk TRALI donor strategy for plasma containing products
(OR 0.61 95%CI 0.42-0.86).
Subgroup analysis revealed that data from local registries showed a significant
reduction of TRALI risk (OR 0.51 95%CI 0.29-0.90). Patients in local registries consisted of critically ill patients [23] and patients undergoing major surgery [21,25].
As confirmed by one of the included studies [22] these patients are more prone
to develop a TRALI reaction compared to a general patient population that also
includes outpatients. Data from nationwide registries (general patient population)
showed only a tendency towards protection of a low risk TRALI donor strategy for
plasma containing products against TRALI (OR 0.66 95%CI 0.40-1.09) (figure 4).
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Figure 3: Meta-analysis for the onset of TRALI in at risk patient populations expressed over
all products transfused before and after introduction of a low risk TRALI donor strategy for
plasma containing products.

Effect sizes are expressed as Odds ratio and their 95 % confidence intervals. The odds is the
number of TRALI cases by the number of transfused products. An Odds ratio lower than one
expresses a protective effect against TRALI of products transfused in the period after the
introduction of a low risk TRALI donor strategy for plasma.
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Figure 4: Meta-analysis for the onset of TRALI in general patient populations expressed over
all products transfused before and after introduction of a low risk TRALI donor strategy for
plasma containing products.

Effect sizes are expressed as Odds ratio and their 95 % confidence intervals. The odds is the
number of TRALI cases by the number of transfused products. An Odds ratio lower than one
expresses a protective effect against TRALI of products transfused in the period after the
introduction of a low risk TRALI donor strategy for plasma.
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Plasma-induced TRALI
Included studies implemented different TRALI risk reduction strategies which also
affected TRALI risk associated with other products than plasma. Therefore we
performed an additional subgroup analysis to assess the effect of risk reduction
strategies on plasma-induced TRALI. Nine of ten included studies provided data
on plasma-induced TRALI [15,17-21,23-25]. The pooled effect of a low risk TRALI
donor strategy on occurrence of TRALI per transfused unit of plasma is shown in
figure 5. Figures 6 and 7 summarize the effect of low risk TRALI donor strategy on
plasma-induced TRALI in for high-risk populations and from nationwide registries
respectively. Data for plasma-induced TRALI showed a similar pattern as the data
for all transfused products. Plasma-induced TRALI was significantly reduced after
introduction of a low risk donor strategy (OR 0.62 95% CI 0.42-0.92). Patients from
local registries (prone to develop TRALI) experienced a significant risk reduction (OR
0.51 95% CI 0.31-0.83), while data from nationwide registries (general patient population) showed a tendency to reduced risk of plasma-induced TRALI (OR 0.69 95% CI
0.42-1.13).
Meta-analysis on mortality
Data on 30-day mortality of the total cohort were only available from two studies
[23,25]. Both studies showed a non-significant reduction of mortality of the cohort
of transfused patients after implementation of a low risk TRALI donor strategy for
plasma products (43% before vs. 35% after and 43% before vs. 23%, N.S. respectively). As there were only two studies no meta-analysis was performed on these
data points. As antibody mediated TRALI is suggested to be the most severe form
of TRALI it can be hypothesized that reducing antibody mediated TRALI would also
result in a reduction of mortality among TRALI patients. Data on 30-day mortality
among TRALI patients were available from four studies [22-25]. None of the studies showed a significant reduction of 30-day mortality among TRALI patients after
the introduction of a low risk TRALI donor strategy for plasma containing products.
Pooling of data from these four studies showed a trend to a reduction of mortality among TRALI patients after introduction of a low risk TRALI donor strategy for
plasma containing products (OR 0.69 95%CI 0.27-1.75). An overview of the effect of
introduction of a low risk TRALI donor strategy for plasma containing products on
mortality among TRALI patients is given in figure 8.
264

The impact of TRALI prevention strategies

Figure 5: Meta-analysis for the onset of plasma-induced TRALI expressed over all units
of plasma transfused before and after introduction of a low risk TRALI donor strategy for
plasma.

Effect sizes are expressed as Odds ratio and their 95 % confidence intervals. The odds is the
number of plasma-induced TRALI cases by the number of transfused units plasma. An Odds
ratio lower than one expresses a protective effect against TRALI of plasma transfused in the
period after the introduction of a low risk TRALI donor strategy for plasma.
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Figure 6: Meta-analysis for the onset of plasma-induced TRALI in at risk populations
expressed over units of plasma transfused before and after introduction of a low risk TRALI
donor strategy for plasma.

Effect sizes are expressed as Odds ratio and their 95 % confidence intervals. The odds is the
number of plasma-induced TRALI cases by the number of transfused plasma. An Odds ratio
lower than one expresses a protective effect against TRALI of plasma transfused in the period
after the introduction of a low risk TRALI donor strategy for plasma.
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Figure 7: Meta-analysis for the onset of plasma-TRALI in general patient populations
expressed over units of plasma transfused before and after introduction of a low risk TRALI
donor strategy for plasma.

Effect sizes are expressed as Odds ratio and their 95 % confidence intervals. The odds is the
number of plasma-induced TRALI cases by the number of transfused plasma. An Odds ratio
lower than one expresses a protective effect against TRALI of plasma transfused in the period
after the introduction of a low risk TRALI donor strategy for plasma.
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Figure 8: Meta-analysis for mortality among patients developing TRALI before and after
introduction of a low risk TRALI donor strategy for plasma containing products.

Effect sizes are expressed as Odds ratio and their 95 % confidence intervals.
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Discussion
This study is the first meta-analysis on the impact of low risk TRALI donor strategies
for plasma on the onset of TRALI. The main findings of this study are; 1) implementation of a low risk TRALI donor strategy for plasma containing products, mainly male
only donor policies, results in a significant reduction of onset of TRALI (OR 0.61,
95%CI 0.42-0.88). 2) introduction of a low risk TRALI donor strategy for plasma containing products results into a trend towards a reduction of 30-day mortality among
TRALI-patients (OR 0.69, 95%CI 0.27-1.75). 3) at risk patient populations seem to
benefit most of an introduction of a low risk TRALI donor strategy for plasma products.
Our study is able to confirm that the use of a low risk TRALI donor strategy such as a
male only donor policy for plasma indeed results in a reduction of TRALI. The majority of TRALI cases, up to 89%, is thought to be antibody-mediated TRALI, caused
by the passive infusion of donor leukocyte reactive antibodies, present in plasma
containing blood products [10]. These antibodies are mainly induced by pregnancies
and blood transfusions [14]. This was the basis for the hypothesis that the use of
plasma from non-transfused male donors would minimize the antibody-mediated
TRALI. Although this precautionary measure is effective it has serious consequences
for the blood supply as the number of (potential) plasma donors is decreased by
half, leading to a shortage of donors. In particular, a shortage in the availability of
group AB plasma for transfusion is a serious concern [18,20]. From this point of view
some countries introduced a preferentially male plasma donor strategy, as it was
not feasible to use male-only plasma [15]. It should be noted that using a male only
donor plasma policy does not totally prevent antibody mediated TRALI. First of all
approximately 1% of the male donor population have antibodies [32]. Second, platelet products are also high plasma volume products. The plasma added to the pooled
plasma does not originate from male only plasma in all countries. Third, red blood
cells (RBCs) are suspended in an additive solution. Although the final product contains only a mean volume of 10 - 20 mL of plasma, RBCs are also known to be implicated in TRALI [13,33]. Fourth, not all countries exclude male donors who have a
previous history of blood transfusion themselves from donating blood [34]. Of note,
an association between previous transfusions and the development of allo-reactive
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antibodies has not unequivocally been demonstrated [32]. Abovementioned reasons also partly explain residual TRALI cases in included studies [15,17-21]. In addition, residual TRALI cases were reported to be caused by the use of group AB plasma
from female donors [18,20].
Theoretically, to completely minimize the risk of antibody-mediated TRALI, all
donors should be screened for HLA or HNA antibodies and positive donors should be
excluded for all blood products containing plasma, regardless the amount of plasma.
Indeed, some blood collection organizations have implemented antibody screening
for all donors or all female donors [35]. This results in less donor loss, but accounts
for higher costs and is very labour intensive. In addition, the occurrence of HNA
antibodies may not be linked to pregnancy or gender. Therefore, further research is
warranted before donor antibody-screening can be advocated.
There are alternatives that might be equally effective. Other countries (e.g. Norway,
Finland, France) use pooled solvent/detergent plasma (SD plasma) instead of single
donor plasma. Pooling has the advantage that it reduces the possible antibody load
by dilution and by neutralizing antigens in the plasma pool, which minimizes the risk
of TRALI [36]. The countries that use pooled SD plasma claim that they do not see
TRALI reactions associated with this product. Another approach could be to ask the
donors for a history of pregnancies and blood transfusions and subsequently test
these donors for HLA and HNA antibodies. This method is a reliable predictor of
HLA allo-immunisation [37]. However, it has been suggested that this method may
neglect potential HLA and/or HNA positive donors as many pregnancies end in the
first weeks after conception, while women weren’t even aware of a pregnancy. Of
note, no association was found between early miscarriages and occurrence of alloimmunisation of donors [32]. Also, donors are not always aware of receiving blood
transfusions as they are sometimes given during an operation without notification
afterwards.
The introduction of a low risk TRALI donor strategy for plasma containing products
seemed to reduce 30-day mortality among patients developing TRALI. However, the
observed reduction in mortality was only a trend that can possibly be explained
by small number of studies and patients included. An explanation for mortality
reduction among TRALI patients is tempting. Antibody mediated TRALI is reported
to induce a more severe form of TRALI compared to non-antibody mediated TRALI

270

The impact of TRALI prevention strategies

[38,39]. We hypothesize that as a result of a low risk TRALI donor strategy for plasma
containing products, the frequency of antibody induced TRALI is reduced hereby
contributing to a reduction in mortality among TRALI patients.
Data from our meta-analysis showed that the implementation of a low risk TRALI
donor strategy for plasma had the highest impact among at risk patient populations
such as critically ill and surgery patients. This may be well explained by the threshold
model of TRALI [40]. In this model a threshold must be overcome to induce a TRALI
reaction. Factors that determine the threshold are the predisposition of the patient
that determines priming of the lung neutrophils and the ability of the mediators in
the transfusion to cause activation of primed neutrophils. A strong antibody-mediated response can cause severe TRALI in an otherwise “healthy” recipient. When
activation status is too low, it is possible that priming factors in the transfusion are
not strong enough to overcome the threshold. This concept has been proven in animal models [41-43]. This model explains why a low risk TRALI donor strategy for
plasma has limited effect in the general patient population as they have no severe
underlying condition to overcome the threshold. In this population a high volume of
antibodies or a strong antibody antigen match is needed to overcome the threshold
for onset of TRALI [22].
Our study has several limitations. First of all there are no randomized controlled
trials on the effect of a low risk TRALI donor strategy for plasma on the onset of
TRALI. It is also not expected that after the implementation of a low risk TRALI donor
strategy for plasma in many countries a randomized controlled trial will follow. The
observational nature of the studies and reliance on spontaneous reporting to the
blood collection organizations or the nationwide registries (which may be far from
complete) may have introduced bias. However, this bias would apply equally to the
before and after period.
Second, implemented donor policies were not fully equal among all studies. Not all
studies were able to achieve a 100% male only donor policy for plasma due to scarcity of products with a certain blood group. Some studies reported the implementation of a male only PLT policy in addition to a male only donor plasma policy. Others
also report the introduction, next to male only plasma, of plasma from female
donors without a history of pregnancy or without HLA/HNA antibodies. However, all
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implemented policies assume the same underlying mechanism of excluding (potential) HLA or HNA positive plasma donors to prevent antibody mediated TRALI.
Third, some of the studies included TRALI patients before the consensus criteria for
TRALI from the Canadian Consensus Conference in 2004 were established [2,31].
Before that year there were no universal criteria for TRALI and TRALI was most likely
underreported. However, this will rather give an underestimation of the effect of
the low risk TRALI donor strategy for plasma, as the period before 2004 is included
in the before group. Fourth, heterogeneity was high for all studies combined and
low for subgroup analysis. This can be explained by differences in population and
observation period of included studies. The random effects model used in our study
provides an average effect and in this way controls for variation in studies included.
From this perspective we believe that the higher heterogeneity in the total group
analysis has no or limited impact on our results and conclusions.

Conclusion
This is the first meta-analysis on the effect of implementation of a low risk TRALI
donor strategy mainly based on a male only donor policy for plasma containing products to prevent TRALI. This study shows that introduction of a low risk TRALI donor
strategy for plasma containing products reduces the onset of TRALI, especially in
high risk patient populations. Furthermore there is a tendency that reduction of
antibody mediated TRALI results in a lower mortality rate among TRALI patients.
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Abstract
Background: Transfusion-related acute lung injury (TRALI) is the leading cause of
transfusion-related morbidity and mortality. Anecdotally, TRALI patients have been
treated with corticosteroids. However, evidence for its therapeutic rationale in
TRALI is lacking. We determined the effects of corticosteroids on lung injury in a
‘two hit’ mouse model of antibody mediated TRALI.
Methods: BALB/c mice were primed with lipopolysaccharide, after which TRALI was
induced by injecting MHC-I antibody against H2Kd. Mice infused with phosphatebuffered saline served as controls. Simultaneously, one group of TRALI mice was
infused with methylprednisolone (MPS; 2 mg/kg). Mice were supported by mechanical ventilation for 2 hours, after which bronchoalveolar lavage fluid (BALF) and lung
homogenate were obtained. Statistics were obtained by one-way analysis of variance or Kruskall Wallis.
Results: Injection of MHC-I antibodies resulted in TRALI, indicated by pulmonary
edema and increased BALF levels of protein and pro-inflammatory mediators macrophage inflammatory protein-2, keratinocyte-derived chemokine, and interleukin
(IL)-6. Administration of MPS did not affect the amount of edema nor pulmonary
protein and chemokine levels. MPS reduced systemic inflammatory reaction as well
as IL-6 levels in the BALF.
Conclusion: In a ‘two-hit’ model of antibody-mediated TRALI, MPS attenuated the
IL-6 host response, but failed to prevent the development of lung injury.
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Introduction
Transfusion-related acute lung injury (TRALI) is the leading cause of transfusionrelated mortality and morbidity [1]. In critically ill and surgical patients, relatively
high incidences of TRALI have been reported [2-4], associated with prolonged
mechanical ventilation, increased hospital mortality and decreased long-term survival [3-5]. Indeed, the clinical picture of TRALI can be devastating, with fulminant
edema and ensuing hypoxia [5].
Therapy is supportive including mechanical ventilation and hemodynamic support.
Case reports show that patients are often treated with high-dose corticosteroids
[5-7].
The rationale for treatment with steroids may be that acute respiratory distress
syndrome (ARDS) and TRALI show clinical and histopathological similarities, with an
inflammatory response leading to the disruption of the lung alveolar-capillary permeability barrier [8]. In severe ARDS, corticosteroids were shown to reduce mortality [9,10]. However, there are no data that support the use of steroids in TRALI.
In the present study, we investigated the effect of methylprednisolone (MPS) on
pulmonary inflammation in a murine “two-hit” model of antibody-mediated TRALI.
This model corresponds well with human TRALI [11], as an inflammatory condition
of the patient at the time of the transfusion increases the susceptibility for a TRALI
reaction.

Materials and methods
Experiments were performed with male BALB/c mice (Charles River, Someren,
the Netherlands), aged 10-12 weeks and weighing 22-27 g, randomly assigned to
3 groups (n=16 per group). The study was approved by the Animal Care and Use
Committee of the Academic Medical Center at the University of Amsterdam, the
Netherlands (protocols 102190-1 and 102190-2). Animal procedures were carried
out in compliance with Institutional Standards for Use of Laboratory Animals.
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Experimental study protocol
We performed a stepwise dose finding experiment in order to assess optimal dose
of major histocompatibility complex (MHC)-I antibodies capable of inducing TRALI in
a ‘two hit’ TRALI model in mice primed with lipopolysaccharide (LPS, from Escherichia Coli 0111:B4) which was administered intraperitoneally at a dose of 0.1 mg/
kg. Twenty-four hours after LPS, mice were anesthetized by intraperitoneal injection with a mix containing ketamine (EurovetAnimal Health BV, Bladel, the Netherlands), medetomidine (Pfizer Animal Health BV, Capelle a/d Ijssel, the Netherlands)
and atropine (Pharmachemie, Haarlem, the Netherlands), as described previously
[12]. A tracheostomy was inserted and animals were mechanically ventilated in a
pressure-controlled mode, with an inspiratory pressure of 12 cm H2O, PEEP of 2 cm
H2O (resulting in V T of approx. 7.5 mL/kg), respiratory rate 100 breaths/min and FiO2
of 0.5 (Servo 900 C, Siemens, Sweden). After exposure of the jugular vein, using a
30-gauge sterile needle attached to polyethylene tubing, venous blood was aspirated from the jugular vein to verify intravascular placement of the needle. TRALI
was induced by injecting MHC-I antibody against H2Kd (IgG2a,k). In previous experiments, we found that matched isotype antibody (IgG2a, CRL-1908, American Type
Culture Collection) did not differ from vehicle (phosphate buffered saline [PBS]) [13].
Therefore, control mice received PBS. A dose of 2 mg/kg was found to induce lung
injury without increased mortality (data not shown), which is in line with previous
reports on this model [11].
Immediately prior to infusion of antibodies, MPS (Solumedrol®, Pfizer, Capelle a/d
Ijssel, The Netherlands) in a dose of 2 mg/kg was infused [14,15]. Previous experiments showed no differences between a volume matched injection of NaCl 0.9%
instead of treatment, and no treatment of mice experiencing TRALI. Therefore,
in order to limit the number of animals, we have omitted the saline group. After
2 hours of mechanical ventilation, mice were bled from the carotid artery. Blood
gas analysis was done in a blood gas analyzer (Rapidlab 865, Bayer, Mijdrecht, the
Netherlands). Bronchoalveolar lavage fluid (BALF) was obtained from the right lung
and cell counts were determined using a hemacytometer (Beckman Coulter, Fullerton, CA, USA). Differential counts were done on cytospin preparations stained
with a modified Giemsa stain, Diff-Quick (Dade Behring AG, Düdingen, Switzerland).
Supernatant was stored at -80°C for total protein level and cytokine measurement.
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The left lung was weighed and dried for three days in an oven at 65°C. The ratio of
wet weight to dry weight represents tissue edema.
In a second set of experiments, right lungs were used for preparation of homogenate
after dilution in saline and Greenberger lysis buffer using a tissue homogenizer (Biospec products, Bartlesville, OK, USA). Supernatant was stored at -80°C for cytokine
measurements. Left lungs were fixed in 4% formalin and embedded in paraffin for
histopathology. Four-micrometer sections were stained with hematoxylin-eosin and
analyzed by a pathologist who was blinded for group identity. To score lung injury,
we used a modified VILI histology scoring system as previously described [16]. In
short, four pathologic parameters were scored on a scale of 0–4: 1) alveolar congestion, 2) haemorrhage, 3) leukocyte infiltration, and 4) thickness of alveolar wall/hyaline membranes. A score of 0 represents normal lungs; 1, mild, less than 25% lung
involvement; 2, moderate, 25% to 50% lung involvement; 3, severe, 50% to 75% lung
involvement; 4, very severe, more than 75% lung involvement. The total histology
score was expressed as the sum of the score for all parameters.
Assays
Total protein levels (Bradford Protein Assay Kit, OZ Bioscience, Marseille, France)
were measured in BALF. Keratinocyte-derived chemokine (KC), macrophage inflammatory protein-2 (MIP-2) and interleukin-6 (IL-6) were measured in BALF, homogenate and plasma using enzyme-linked immunosorbent assay (ELISA), according to the
manufacturer’s instructions (R&D Systems, Minneapolis, MN, USA).
Statistics
Data are expressed as mean ± standard deviation (SD) or median [interquartile
range] when appropriate. Comparisons between groups were performed using
one-way analysis of variance followed by t-test or Kruskall-Wallis followed by Mann
Whitney U-test depending on data distribution. A p value of less than 0.05 was considered statistically significant. Statistical analyses were performed with Prism version 5.0 (GraphPad Software, San Diego, CA, USA).
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Results
Data preliminary studies
Preliminary experiments did not demonstrate differences between mice infused
with isotype antibody or vehicle (PBS). Pulmonary edema expressed as wet/dry
ratio was low in both groups (4.2 (±0.3) versus 4.5 (±0.3), p=0.07). Furthermore,
total protein levels in BALF did not differ (106 ug/ml [84-162] vs. 81 ug/ml [61-151],
p=0.16), nor did KC levels in BALF (54 pg/ml (±16) vs. 56 pg/ml (±12), p=0.76). Lung
injury scores were low in mice infused with isotype and those infused with PBS (1.3
(±1.1) vs. (1.9 (±0.8), p=0.21). To determine whether volume of MPS infusion had an
effect on outcome, we compared infusion of MPS with a volume matched injection
of 0.9% NaCl. No differences were found in wet/dry ratio (4.7 (±0.3) in 0.9% NaCl vs.
4.8 (±0.2) in MPS, p=0.25), total protein levels in BALF (117 ug/ml (±65) in 0.9% NaCl
vs. 177 ug/ml (±71) in MPS, p=0.11) and pulmonary levels of KC (65 pg/ml [58-90] in
0.9% NaCl vs. 111 pg/ml [70-113] in MPS, p=0.07).
Induction of TRALI with MHC-I antibody
After the induction of TRALI, six of the 32 animals deceased prematurely, of whom
four in the control group and two in the group treated with MPS. Mortality was
related to instrumentation and did not differ significantly between groups. These
animals were excluded from analysis. Injection of MHC-I antibodies resulted in
TRALI, indicated by edema as reflected by an increase in wet-to-dry ratio of the
lungs compared to controls, with increased BALF protein levels due to leakage of
protein in the pulmonary compartment (figure 1). Lung injury was further characterized by an increase in both lung and BALF levels of chemokines MIP-2 and KC and
the pro-inflammatory cytokine IL-6 (figure 2). TRALI did not result in increased pulmonary neutrophil influx within 2 hours (0.0 [0.0-1.0] in controls vs. 4.5 [0.0-9.3] in
TRALI, p=0.08). Lung injury scores were significantly higher in TRALI mice compared
to controls (4.6 (±0.7) vs. (1.9 (±0.8), p<0.001). TRALI also induced a systemic inflammatory reaction illustrated by increased plasma levels of both KC and IL-6 (figure 3).
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Figure 1: Wet-to-dry ratio of the lungs and BALF protein levels in mice injected with antibodies that induce TRALI, treated with MPS.

Data expressed as mean, whiskers indicate minimum and maximum.
TRALI = transfusion related acute lung injury
PBS = phosphate buffered saline
MPS = methylprednisolone
BALF = broncho-alveolar fluid.

The effect of MPS
Administration of MPS did not decrease wet-to-dry ratio or BALF protein levels (figure 1). BALF and lung homogenate levels of chemokines MIP-2 and KC were also not
affected by administration of steroids, while IL-6 homogenate and BALF levels were
reduced (p=0.002 and p=0.03) (figure 2). Lung injury scores did not differ between
treated (3.6 (±1.9) and untreated mice (4.9 (±0.7), p=0.12). Although steroids only
reduced IL-6 in the lung, steroids reduced plasma levels of both KC and IL-6 (figure 3), validating the anti-inflammatory capacity of the selected dose of 2 mg/kg
MPS in this model.
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Figure 2: BALF and lung homogenate levels of MIP-2, KC and IL-6 in mice injected with antibodies that induce TRALI, treated with MPS.
Data expressed as median, whiskers indicate minimum and maximum.

TRALI = transfusion related acute lung injury
PBS = phosphate buffered saline
MPS = methylprednisolone
BALF = broncho-alveolar fluid.
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Figure 3: Plasma levels of KC and IL-6 in mice injected with antibodies that induce TRALI,
treated with MPS.

Data expressed as median, whiskers indicate minimum and maximum.
TRALI = transfusion related acute lung injury
PBS = phosphate buffered saline
MPS = methylprednisolone.

Discussion
Steroids did not improve markers of lung injury in a two-hit TRALI model, as pulmonary edema persisted, due to leakage of protein into the alveolar compartment.
MPS did attenuate the IL-6 host response in the lung and both IL-6 and KC systemically.
In patients with early acute ARDS, MPS reduces lung injury, duration of mechanical
ventilation and mortality, which, at least in part, was attributed to reduced plasma
levels of IL-6 [17]. The latter is in line with our findings in a TRALI model, which show
a clear reduction of pulmonary as well as systemic IL-6 levels after MPS treatment.
However, in our study, despite the reduction of the IL-6 host response, inflammatory damage persisted. A possible explanation could be related to timing. TRALI is
a hyperacute syndrome, developing within hours after transfusion, whereas ARDS
takes a more prolonged course. In line with the clinical syndrome, we used a hyperacute model in which mice were euthanized after 2 hours, when inflammation has
shown to be maximal [18]. In ARDS, beneficial effects of steroids were only shown
after infusion for 14 days [17].
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Another possible explanation of the lack of effect of MPS on lung injury might be
the fact that inflammatory damage in TRALI is mediated via pathways which are
not affected by the administration of steroids. In this model of antibody mediated
TRALI, complement activation and macrophages were shown to be crucial contributors to the development of TRALI [19]. Of note, MPS can increase C1q production
by macrophages [20], hereby enhancing complement activation with subsequent
inflammatory injury.
The dose of MPS used in this study equals the dose which was shown to be beneficial in late ARDS [10] and higher then the dose that was beneficial in early ARDS
[9]. Also, the chosen dose has shown to attenuate pulmonary inflammation in mice
experiencing LPS induced acute lung injury [14,15]. As MPS attenuated the systemic
inflammatory response, we think that under dosing of MPS is an unlikely explanation
for the absence of beneficial effects on lung injury. However, the absence of pharmacokinetic data is a limitation to our study.
Our study has also other limitations. We used an acute model and cannot exclude
that prolonged administration of steroids may be beneficial. Also, our model of
antibody-mediated TRALI does not take into account other factors that are also
capable of inducing TRALI [21]. Possibly, the response to MPS may be different in
non-immune mediated TRALI. Finally, this supported TRALI model does not allow
the study whether steroids affect mortality, which would be the most relevant outcome measure.
Our findings do not demonstrate a beneficial effect of corticosteroids in murine
TRALI. A change in practice in human TRALI, based upon these findings, would be
premature. Further research on timing and duration of corticosteroids in different
models of TRALI is warranted.
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Abstract
Background and objective: Transfusion-related acute lung injury (TRALI) is the leading cause of transfusion-related morbidity and mortality. Specific therapy is lacking.
We assessed whether C1-inhibitor attenuates lung injury in a ‘two-hit’ TRALI model.
Methods: Mice were primed with lipopolysaccharide, subsequently TRALI was
induced by MHC-I antibodies. In the intervention group, C1-inhibitor was infused
concomitantly. Mice were supported with mechanical ventilation. After 2 hours,
mice were killed, lungs were removed and bronchoalveolar lavage fluid (BALF) was
obtained.
Results: Injection of MHC-I antibodies induced TRALI, illustrated by an increase in
wet-to-dry ratio of the lungs, in BALF protein levels and in lung injury scores. TRALI
was further characterized by complement activation, demonstrated by increased
BALF levels of C3a and C5a. Administration of C1-inhibitor resulted in increased pulmonary C1-inhibitor levels with high activity. C1-inhibitor reduced pulmonary levels
of complement C3a associated with improved lung injury scores. However, levels of
pro-inflammatory mediators were unaffected.
Conclusion: In a murine model of TRALI, C1-inhibitor attenuated pulmonary levels of
C3a associated with improved lung injury scores, but with persistent high levels of
inflammatory cytokines.
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Introduction
Transfusion-related acute lung injury (TRALI) is the leading cause of transfusionrelated mortality and morbidity [1]. TRALI can result in fulminant oedema and ensuing hypoxia, associated with prolonged mechanical ventilation, increased hospital
mortality and decreased survival in critically ill patient populations [2]. Therapy is
only supportive, including mechanical ventilation and hemodynamic support, while
curative therapy is lacking.
While neutrophils and antileucocyte antibodies are considered key players, the
exact pathophysiology of TRALI is still under debate. Animal studies indicate that
complement activation is required for development of TRALI [3,4]. Also, in clinical
TRALI cases, complement activation contributes to the inflammatory cascade [5,6].
Antibodies in transfused components may result in activation of the complement
system [5,6]. Possibly, the formation of immune complexes activates the complement system via the classical pathway; however, the exact route of complement
activation in TRALI remains to be established. Activation of the classical pathway
of complement system induces a downstream response with formation of anaphylatoxins C3a and C5a. C1-inhibitor blocks activation of the classical as well as the
mannan-binding lectine (MBL) pathway of the complement system [7]. Administration of extra C1-inhibitor was beneficial in other neutrophil-mediated inflammatory
diseases including sepsis and myocardial infarction [7]. We hypothesized that lung
injury in TRALI may be attenuated by blocking complement activation of the classical
pathway. Therefore, we investigated the effect of administration of C1-inhibitor in
murine “two-hit” model of antibody-mediated TRALI.

Materials and methods
Experiments were performed with male BALB/c mice (n=48) (Charles River, Someren, the Netherlands), aged 10-12 weeks and weighing 22-27 g. Mice were randomly
assigned to 3 groups (n=16 per group). The study was approved by the Animal Care
and Use Committee of the Academic Medical Center at the University of Amsterdam, the Netherlands. Animal procedures were carried out in compliance with Institutional Standards for Use of Laboratory Animals.
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Experimental study protocol
Mice were primed with lipopolysaccharide (LPS, from E. Coli 0111:B4, 0.1 mg/kg)
intraperitoneally (i.p.). Twenty-four hour later, mice were anesthetized, a tracheostomy was inserted and all mice were mechanically ventilated in a pressure-controlled mode, with an inspiratory pressure of 12 cm H2O, PEEP of 2 cm H2O (resulting
in V T ~ 7.5 mL/kg), respiratory rate 100 breaths/min and FiO2 of 0.5 (Servo 900 C,
Siemens, Sweden). Mice were mechanically ventilated because this TRALI model has
a high mortality when unsupported. TRALI was induced by injecting MHC-I antibody
(2 mg/kg) against H2Kd (IgG2a,k) into the jugular vein. Controls received phosphatebuffered saline (PBS). Immediately prior to infusion of antibodies, C1-inhibitor (400
U/kg) was infused (Cetor®, Sanquin, Amsterdam, the Netherlands). In previous
experiments, we found that injection of control isotype antibody (IgG2a, (CRL-1908),
American Type Culture Collection) did not induce an inflammatory reaction and was
equivalent to PBS control [8]. Also, priming of LPS did not induce an inflammatory
reaction. Therefore, isotype antibody and LPS control groups were omitted in these
experiments. Two hours after injection, mice were bled from the carotid artery.
Bronchoalveolar lavage fluid (BALF) was obtained from the right lung and centrifuged at 2000 g. Supernatant was stored at -80°C for cytokine measurement. The
left lung was weighed and dried in an oven at 65°C. The ratio of wet-to-dry weight
represents tissue edema. In a second set of experiments, right lungs were used for
preparation of homogenate after dilution in saline and Greenberger lysis buffer
using a tissue homogenizer (Biospec products, Bartlesville, OK, USA). Supernatant
was stored at -80°C for cytokine measurements. Left lungs were fixed in 4% formalin
and embedded in paraffin for histopathology.
Assays
Total protein levels (Bradford Protein Assay Kit, OZ Bioscience, Marseille, France)
were measured in BALF. Keratinocyte-derived chemokine (KC), macrophage inflammatory protein-2 (MIP-2) and interleukin-6 (IL-6) were measured in BALF, homogenate and plasma using enzyme-linked immunosorbent assay (ELISA), according to the
manufacturer’s instructions (R&D Systems, Minneapolis, MN, USA).
Complement activation in BALF was determined by C3a and C5a ELISAs. Purified
rat anti-mouse C3a (clone I87-1162) or purified rat anti-mouse C5a (clone I52-1486)
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were used as capture antibody. Biotinylated rat anti-mouse C3a (clone I87-419) or
biotinylated rat anti-mouse C5a (clone I52-278) was used as detection antibody for
C3a and C5a, respectively (all from BD Biosciences). A standard curve for C3a and
C5a was generated by serial dilutions of an in-house standard of maximal activated
mouse serum, by incubating normal mouse serum (Sanquin Reagents) at 37oC for
1 week in the presence of sodium azide. Purified mouse C3a protein (native) and
purified recombinant mouse C5a (both from BD Biosciences) were used to determine concentration of C3a and C5a, respectively, in maximal activated mouse serum.
C1-inhibitor levels in BALF were assessed by ELISA using monoclonal mouse anti
human C1-inhibitor (clone RII, Sanquin) as capture antibody and biotinylated rabbit
anti-human C1-inhibitor (Sanquin) for detection. Normal human plasma with known
C1-inhibitor concentration was used as standard.
Lung injury score
Four-micrometre sections were stained with hematoxylin-eosin (H&E) and analyzed
by a pathologist who was blinded for group identity. Four pathologic parameters
were scored on a scale of 0–4: (i) alveolar congestion, (ii) hemorrhage, (iii) leukocyte infiltration, and (iv) thickness of alveolar wall/hyaline membranes. A score of
0 represents normal lungs; 1, mild, <25% lung involvement; 2, moderate, 25–50%
lung involvement; 3, severe, 50–75% lung involvement; 4, very severe, >75% lung
involvement. The total histology score was expressed as the sum of the score for all
parameters.
Statistics
Data are expressed as mean ± standard deviation (SD) or median [interquartile
range] when appropriate. Comparisons between groups were performed using
one-way ANOVA followed by Student’s t-test or Kruskall-Wallis followed by Mann
Whitney U-test, depending on data distribution. A p value of <0.05 was considered
statistically significant. Statistical analyses were performed with Prism version 5.0
(GraphPad Software, San Diego, CA, USA).
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Results
Induction of TRALI with MHC-I antibody
Injection of MHC-I antibodies induced TRALI, illustrated by an increase in wet-to-dry
ratio of the lungs and elevated BALF protein levels (figure 1). Levels of chemokines
MIP-2 and KC and pro-inflammatory cytokine IL-6 were all significantly increased
in both the lung homogenate and BALF (table 1). Also, TRALI was characterized by
complement activation, as demonstrated by increased levels of C3a and C5a in BALF
compared to controls (figure 1). The inflammatory reaction resulted in lower oxygenation of mice (pO2 156 (±57) mmHg in controls vs. 133 (±67) mmHg in TRALI,
p=0.41), which was statistically non-significant. Lung injury scores were higher in
TRALI mice compared to controls (4.9 (±0.7) vs. (1.9 (±0.8), p<0.0001). TRALI induced
a systemic inflammatory response reflected by increased plasma levels of KC and
IL-6 (table 1).
The effect of C1-inhibitor
Administration of C1-inhibitor resulted in pulmonary C1-inhibitor levels of 12 ug/ml
(± 6.4 ug/ml), with an activity of 99% (±20%), demonstrating effective levels locally.
C1-inhibitor reduced C3a levels in BALF, but did not affect C5a levels compared to
TRALI mice that were not treated with C1-inhibitor (figure 1). Injection of C1-inhibitor did not improve oxygenation (pO2 133 (±67) mmHg in TRALI vs. 93 (±30) mmHg
in mice treated with C1-inhibitor, p=0.09), but tended to reduce pulmonary oedema
and total protein levels; however, this was only a trend (figure 1). BALF levels of
MIP-2, KC and IL-6 were unaffected. In lung homogenates, C1-inhibitor increased
chemokine levels, although IL-6 was unaffected compared to untreated mice experiencing TRALI (table 1). Of note, treatment with C1-inhibitor improved lung injury
scores from 4.9 (±0.7) in untreated mice to 3.5 (±0.8), (p=0.02) (figure 2). Systemic
levels of KC and IL-6 were unaffected (table 1).
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Figure 1: Wet-to-dry ratio of the lungs, BALF levels of total protein and complement levels in
mice injected with antibodies that induce TRALI and those treated with C1-inhibitor.

Data expressed as mean, whiskers indicate minimum and maximum.
*p<0.05
**p<0.01
***p<0.001
TRALI = transfusion related acute lung injury
PBS = phosphate buffered saline
C1-inh = C1-esterase inhibitor
BALF = broncho-alveolar lavage fluid.
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Table 1: Pulmonary and systemic levels of pro-inflammatory cytokine interleukin-6 (IL-6)
and chemokines macrophage inflammatory protein-2 (MIP-2) and keratinocyte-derived
chemokine (KC) in mice with TRALI and those treated with C1-inhibitor.
PBS controls
BALF (pg/ml)
MIP-2
39 (7)
KC
56 (12)
IL-6
24 (9)
Lung homogenate (pg/ml)
MIP-2
94 (14)
KC
339 (145)
IL-6
31 (9)
Plasma (pg/ml)
KC
559 [285-957]
IL-6
220 [164-321]

TRALI

TRALI + C1-inh

p value

164 (74)a
245 (145)a
188 (97)a

127 (22)
153 (79)
114 (44)

<0.01
<0.01
<0.01

2038 (473)a
7337 (3451)a
1629 (1188)a

3748 (645)b
31727 (12007)b
957 (284)

<0.01
<0.01
<0.01

2103 [1476-6557]a 5064 [2939-5389]
2440 [1404-3890]a 1894 [832-1947]

0.01
<0.01

Pulmonary levels are expressed as mean (± standard deviation) and plasma levels are
expressed as median [interquartile ranges].
PBS = phosphate buffered saline
TRALI = transfusion related acute lung injury
C1-inh = C1-inhibitor
a
p<0.01 compared to PBS controls
b
p<0.01 compared to TRALI
Figure 2: Representative histological sections of hematoxylin and eosin stained lungs of control mice infused with PBS

(A), mice experiencing TRALI (B) and mice with TRALI who were treated with C1-inhibitor (C).
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Discussion
In a ‘two-hit’ murine TRALI model, complement activation was demonstrated,
reflected by elevated BALF levels of C3a and C5a. This is line with findings in other
experimental models, which found that complement was involved in the inflammatory reaction or even a prerequisite for the development of TRALI [3,4]. In contrast,
C5a receptors were not essential to develop an inflammatory reaction in a single hit
model of antibody mediated TRALI [9]. Also in humans, data on the role of complement activation in TRALI are conflicting [6,10].
Administration of C1-inhibitor resulted in a reduction of C3a levels in BALF, whereas
C5a levels were unaffected. The C1-inhibitor detected in the BALF was highly active
(99%). Since C1-inhibitor is a highly effective inhibitor of the classical and the MBL
activation pathway and the current TRALI model uses anti-MHC-I antibodies, the
reduction of C3a levels suggests strong activation of the classical pathway of complement in this model. Activation of the classical pathway might also be an explanation for the persistent high C5a levels, since C5a can be generated by the activation
of alternative pathway, which is not inhibited by C1-inhibitor. Moreover, coagulation factors generate C5a independent of the presence of C3 [11]. As markers of
coagulation are increased in murine TRALI models as well as in TRALI patients [12],
enhanced coagulation may have resulted in persistent high C5a levels.
C1-inhibitor reduced C3a complement levels in the lung associated with an improvement in lung pathology scores. Also, vascular leakage in the lung tended to decrease,
as reflected by a decrease in pulmonary oedema and pulmonary protein levels.
In contrast, systemic and pulmonary levels of inflammatory cytokines were unaffected or even enhanced. A possible explanation for these opposing effects may
be the systemic and pulmonary pro-coagulant state in TRALI, with increased levels of thrombin-antithrombin complexes as well as a decrease in fibrinolysis [12],
which may have contributed to inflammation. Furthermore, a relatively high dose
of C1-esterase inhibitor was used, which resulted in BALF levels of C1-inhibitor with
high activity. Interestingly, high doses of C1-inhibitor have been shown to induce
a pro-coagulant state [13], which might have further contributed to the enhanced
levels of inflammatory parameters.
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The absence of systemic C1-inhibitor levels and pharmacokinetic data are a limitation to our study. However, the complete inhibition of C3a in BALF shows the presence of active C1-inhibitor in the lungs. We do not think that use of LPS accounts for
the absence of an effect of C1-inhibitor in our model, because we used a low priming
dose and C1-inhibitor is beneficial in LPS-induced endotoxemia [7]. Another limitation of our study is the absence of data on activation of coagulation and degree of
fibrinolysis, as previous reports found an association between the effect of C1-inhibitor and thrombin-antithrombin levels [13].
In conclusion, C1-inhibitor in murine TRALI attenuates complement activation associated with improved lung injury scores. However, these effects are accompanied
by persistent inflammation, possibly due to a high dose of C1-inhibitor, which may
have aggravated inflammation. Further research is warranted to elucidate the role
of complement activation in TRALI before more targeted therapeutic strategies can
be developed.
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Introduction
The inflammatory response in critical illness simultaneously affects the coagulation
system and the resulting coagulopathy frequently occurs among the critically ill.
Activation of the coagulation system with enhanced thrombin generation is accompanied by attenuated fibrinolysis and reduced levels of anticoagulants. Altogether,
this leads to a hypercoagulable state with the formation of (micro-) thrombi, impairing organ perfusion and thereby contributing to organ failure. However, as this state
persists or occurs at a high rate, consumption of clotting factors and thrombocytes
will result in deficiencies and hereby the hemostatic balance will shift to a hypocoagulable state with an increased bleeding tendency. As discussed in chapters 2 and 3,
most clinically used coagulation assays (e.g. Prothrombin time (PT) and International
Normalized Ratio (INR)) only reflect a part of the coagulation process and hereby
they lack the ability to detect increased bleeding risk or a hypercoagulable state.
In contrast, thromboelastography (TEG/ROTEM) assesses the whole process of clot
formation and degradation and has the capability to also detect hypercoagulability
and changes in fibrinolysis.
Despite the limited value of these conventional coagulation assays, increased PT
value is the most common trigger to administer fresh frozen plasma (FFP) to critically
ill patients. Indeed many patients are transfused with FFP during their stay at the
intensive care unit. Of note, the effects of FFP administration on in vivo hemostatic
potential of critically ill patients are largely unknown and whether its administration
indeed reduces a presumed enhanced bleeding risk has not been established. Also,
administration of FFP is not without risks as it can cause adverse events, of which
the most important is (transfusion related) acute lung injury.
In this thesis, we studied the value of TEG/ROTEM to assess coagulation status in different critically ill patient populations. In addition we investigated the effects of prophylactic FFP transfusion in critically ill patients with a coagulopathy. We assessed
effects of FFP on different tests that evaluate the coagulation system. Also, the
effect of FFP on the occurrence of bleeding and lung injury was studied. In the last
part of this thesis, the pathophysiology of transfusion related lung injury (TRALI) is
studied in more detail. In addition, we tested two potential therapeutic strategies
for TRALI in a murine model. Furthermore, we performed a systematic review and
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meta-analysis on the effect of implementing low risk plasma donor strategies on the
onset of transfusion related acute lung injury.

Part I: Diagnosing coagulopathy in the critically ill:
thromboelastometry
Summary of results
As described in chapter 2, TEG and ROTEM have been applied in different types
of critically ill patients, including trauma, neurosurgical and post-cardiac arrest
patients. Overall, evidence supporting the use of TEG/ROTEM to diagnose a hypocoagulable state and hereby making an estimation of bleeding risk is limited. This
also applies for the diagnosis of a hypercoagulable state and the risk assessment
for development of multiple organ failure or thrombo-embolic complications. Main
reasons for this low level of evidence are heterogeneity of the studies in design, use
of different control groups, a lack of reference standards and variability in chosen
endpoints.
In chapter 3, the available literature on the application of TEG/ROTEM in sepsis was
systemically reviewed. Heterogeneity between studies was large and there was risk
of bias. None of the studies performed an assessment of bleeding risk based on
TEG/ROTEM results. With respect of diagnosing hypercoagulability, TEG/ROTEM
showed to be valuable to discriminate between sepsis patients with and without
disseminated intravascular coagulation (DIC). Interestingly, a hypocoagulable, but
not a hypercoagulable profile, correlated with DIC in sepsis patients and was associated with more severe organ failure and excess mortality.
We additionally studied the value of ROTEM to predict outcome in trauma patients
in chapter 4. Of the severely injured trauma patients 50% dies in the acute phase
due to bleeding. While organ failure is the main reason for late mortality after
trauma. Thereby, we hypothesized that late mortality in trauma may be related to a
hypercoagulable profile as detected by ROTEM. In a large cohort of trauma patients,
we determined whether ROTEM profiles were predictive for the occurrence of multiple organ failure and late mortality. Results indicated that early hypocoagulability
was associated with more severe organ failure and higher mortality. Only 10% of the
patients showed hypercoagulability early in trauma.
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Finally, we assessed the correlation of ROTEM with conventional coagulation tests in
a cohort of critically ill patients (chapter 7). Correlation with the INR was moderate,
which underlines the finding in observational studies that INR is a bad predictor of
bleeding risk. ROTEM correlated well with prothrombin levels, platelet count and
fibrinogen. Again, ROTEM profiles were more hypocoagulable in patients with DIC
compared to those without DIC and ROTEM parameters correlated strongly with
ISTH DIC score. Hereby we confirmed the potential value of ROTEM to discriminate
critically ill patients with and without DIC.
Discussion
Despite the potential advantages of TEG/ROTEM over conventional coagulation
assays, such as the possibility to diagnose hypercoagulability or DIC, application of
TEG/ROTEM in critically ill patients has several limitations. First, reference values
given by the manufacturer do not appear to discriminate between ‘normal’ and ‘a
clinically relevant abnormal coagulation status’ in critically ill patients, when compared to conventional tests. Second, assays need to be further standardized and to
date results of the two available assays (e.g. TEG and ROTEM) are not interchangeable. Thereby, a uniform definition of hyper- and hypocoagulability by viscoelastic
tests is currently not available. These limitations preclude the incorporation of TEG
and ROTEM into the standard diagnostic evaluation of critically ill patients with a
suspected coagulopathy. However, as indicated in chapter 3 and confirmed in our
small cohort described in chapter 7, TEG/ROTEM can be helpful in discriminating
patients with and without DIC. Although a score to detect DIC using thromboelastometry which has been developed in a heterogeneous patient group [1] awaits validation in critically ill patients, this observation is promising as a potential advantage
of an improved and facilitated diagnosis of DIC. Also, TEG/ROTEM diagnosed coagulopathies could be helpful for more tailor-made administration of future therapies
that interfere with the coagulation system.
In addition to a potential diagnostic value, TEG/ROTEM results can be useful in prognostication of patients. In patients with sepsis, hypocoagulable profiles were associated with adverse outcomes. We also found that severely injured patients had
more severe organ failure and excess mortality when they were hypocoagulable
within the first 24 hours of admission. These findings are in line with results in a
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large cohort of general intensive care patients, in whom a hypocoagulable profile at
admission was also associated with an increased mortality [2]. One could argue that
a hypocoagulable profile merely reflects severity of disease or injury. However, our
results in trauma patients and the results of others in patients with sepsis [3] and
the general intensive care population [2] showed that presence of hypocoagulability
as detected by TEG/ROTEM was an independent risk factor for adverse outcome.
These observations suggest that early activation of coagulation with reversal of
hypocoagulability has potential beneficial effects. Indeed it has been demonstrated
that enhanced coagulation during infection is functional, thereby preventing dissemination of bacteria [4]. In trauma patients, early hypercoagulability could be an
evolutionary response to prevent exsanguination, as was also suggested by others who have reported similar observations [5]. We speculate that these beneficial
effects are lost when activation of coagulation is overwhelming and/or persistent
and results in consumption of coagulation factors and platelets with a subsequent
hypocoagulable state, hereby explaining the observed association between hypocoagulability and adverse outcome. Overall, one may wonder whether hypocoagulopathy is a common pathway in the development of multiple organ failure or even
death. This finding warrants further investigation.
In conclusion, TEG/ROTEM seems a promising tool to assess coagulation status in
different types of critically ill patients, in particular those suspected to have DIC.
However, further standardization, availability of reference values and uniform definitions are required before the technique can be implemented in standard clinical
use at the intensive care unit. In addition, TEG/ROTEM has shown to be of additional
value in the prognostication of critically ill and trauma patients. Further research is
warranted to assess whether therapeutic strategies based on TEG/ROTEM profiles
indeed improve patient outcomes and in general, the role of hypocoagulopathy in
organ failure and dying.
Future directives
As stated above, to further establish the value of TEG/ROTEM in critically ill patients,
validated universally accepted definitions of hyper- and hypocoagulability in relation to clinically relevant outcomes are necessary. As TEG/ROTEM based models
have not been compared directly with the widely used ISTH DIC score, subsequently
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further research can be done on the identification of patients with an increased
bleeding tendency and in need for correction of their coagulopathy. In addition, it
should be further explored in which patients a hypercoagulable state contributes to
adverse events, such as thromboembolic complications, multiple organ failure or
even (delayed) cerebral ischemia.
In sepsis patients, in addition to the abovementioned needs, further research into
timing and changes of TEG/ROTEM profiles is highly needed, as activation of coagulation is a dynamic process. Currently, two observational prospective trials are
being conducted (NCT00994877 and NCT00299949) on the value of TEG/ROTEM to
diagnose DIC and to predict organ failure in sepsis. With regard to potential therapeutic value of viscoelastic test results, these tests might be of additional value to
select specific patient populations who are likely to benefit from therapies aimed
at intervention in the coagulation cascade during sepsis. To date, such therapies
have failed to improve outcome and for activated protein C this can be partially
contributed to bleeding complications related to the treatment [6]. Although it is
tempting to speculate that viscoelastic testing might be helpful to improve patient
selection for these therapies, coagulation disturbances in sepsis are complex and
these tests do not take into account levels of anticoagulant proteins, being the main
targets of studied interventions. Therefore, further research is warranted to elucidate whether there is a certain viscoelastic profile or a change over time in a profile
that should trigger the institution of a therapy intervening in the coagulation cascade. Finally, if in the future viscoelastic testing would be used to select patients for
anticoagulant therapy in sepsis, research should also focus on treatment targets.
To date, data on viscoelastic testing and treatment effects of anticoagulant therapy
for sepsis are extremely limited and it is questionable whether viscoelastic tests are
sensitive enough to monitor treatment effects of such therapies.

Part II: Efficacy of plasma transfusion in critically ill patients
Summary of results
The second part of this thesis consisted of studies on the effectiveness of FFP transfusion in critically ill patients with a coagulopathy, as measured by INR in common everyday clinical practice. We performed a multicentre randomized clinical trial on the
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effectiveness of FFP to prevent bleeding complications in critically ill patients with
a coagulopathy and the need to undergo an intervention (TOPIC trial). As described
in chapter 5, procedure related bleeding complications did not differ between both
groups. However, due to slow inclusion rate, the trial was stopped early and noninferiority of omitting FFP transfusion could not be demonstrated. Although the
secondary endpoint, occurrence and severity of lung injury, did not differ between
groups, patients who were transfused with FFP had longer duration of mechanical
ventilation. This might by explained by the higher incidence of ventilator-associated
pneumonia in patients transfused with FFP, however we cannot preclude that low
numbers of patients have contributed to these differences. The other secondary
endpoint was correction of INR in response to FFP transfusion. Of note, only half of
patients corrected to an INR of <1.5, a value frequently reported to be a trigger for
FFP transfusion in clinical practice.
In chapter 6 we investigated whether INR prolongation paralleled changes in other
tests investigating hemostasis and evaluated the effects of FFP transfusion on these
parameters. At baseline, patients indeed had reduced levels of individual coagulation factors, accompanied by a reduction of levels of anticoagulants. Also, onset
of thrombin generation was impaired. Administration of FFP in a dose of 12 ml/kg
resulted in an increase of individual factor levels, and levels of anticoagulants rose
concomitantly. Thereby, thrombin generation remained nearly unaffected. Altogether, while conventional coagulation tests (INR and aPTT) improved in response
to FFP because factor levels improved, FFP transfusion did not result in an altered
hemostatic balance in these patients.
As discussed above, in chapter 7 we demonstrated that critically ill patients with DIC
have more hypocoagulable ROTEM profiles compared to those without DIC. For the
first time we describe the effect of FFP on ROTEM variables in critically ill patients
with a coagulopathy. Indeed, administration of FFP slightly improved ROTEM extem
and fibtem profiles. However, observed increments in our study were only small
and the clinical significance of the observed improvement is questionable. Of note,
effect of FFP did not differ between patients with and without DIC.
In chapter 8 the effects of FFP on inflammation and endothelial host response is
discussed. This sub-study of the TOPIC trial showed that patients in this cohort
had generally mildly elevated cytokine levels. Contrary to the hypothesis that FFP
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can induce lung injury and thereby may elicit an inflammatory response resembling ‘subclinical’ TRALI, FFP transfusion reduced systemic TNF-alpha levels. Other
cytokine levels were unaffected by FFP. Markers of endothelial activation, factor VIII,
von Willebrand factor and syndecan-1 all improved in response to FFP transfusion,
suggesting a stabilizing effect of FFP on endothelial function.
The last chapter (9) of this part consisted of an evaluation of the TOPIC trial. As the
trial was stopped early due to limited inclusion we surveyed participating clinicians
to determine why the trial was difficult to conduct. We found that although most
physicians expressed a need for more evidence on the prophylactic use of FFP in
critically ill patients with a coagulopathy, they were reluctant to include patients in
the TOPIC trial. The main reason was personal beliefs about the preferable transfusion strategy. Together with a short window of opportunity to obtain informed
consent, we concluded that future trials on the efficacy of FFP might not be feasible,
at least in the Netherlands.
Discussion
We carried out the first randomized controlled clinical trial on the efficacy of prophylactic FFP transfusion to prevent bleeding in coagulopathic ICU patients undergoing
an invasive procedure. Although inclusion targets were not achieved, nevertheless,
the study has several strengths. First, in contrast to other trials on the effectiveness
of FFP in critically ill patients, we used the clinical relevant endpoint of procedure
related bleeding. There was not even a trend towards a possible benefit. If anything, patients with FFP had more minor bleedings, which may suggest that most
commonly performed invasive procedures can be safely carried out in critically ill
patients with a coagulopathy.
Increased INR and PT are important triggers to administer FFP transfusion. This is
based on the assumption that increased INR values are associated with enhanced
bleeding risk and that FFP transfusion prevents bleeding by correcting the INR [7].
Indeed patients with an increased INR indeed had attenuated thrombin generation
due to reduced levels of multiple coagulation factors. However, levels of anticoagulants were reduced concomitantly, suggesting an unaltered hemostatic balance.
In addition, despite reduced factor levels, most ROTEM variables were within reference ranges and INR only correlated moderately with ROTEM. Of note, ROTEM
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assesses the whole process of clot formation, while PT and INR only represent a
part of it. These findings further confirm the limited value of PT and INR to assess in
vivo coagulation status and predict bleeding risk. We believe that measuring PT and
INR outside of the context to guide vitamin K antagonist therapy or to monitor the
degree of liver failure, should not be done to assess risk of bleeding. Use of these
tests should thereby be discouraged.
Transfusion of FFP resulted in an increase of both individual factor levels and levels of anticoagulant proteins, thereby suggesting that FFP transfusion fails to alter
hemostatic balance. Indeed the response of patients with and without bleeding complications following FFP transfusion did not differ. Moreover, FFP failed to
clearly improve thrombin generation or ROTEM profiles. These observations underline the lack of rationale in observational studies to administer FFP to ICU patients
with an increased INR. The question whether FFP is beneficial in patients with a
coagulopathy as diagnosed by other hemostatic tests, is not answered in this thesis.
Of note, larger and earlier amounts of FFP improve outcome in observational studies
of coagulopathic bleeding trauma patients, suggesting that FFP can increase hemostatic potential.
Besides effects on hemostasis, we found intriguing other effects of FFP. In experimental studies of hemorrhagic shock, it was shown that FFP prevented disruption
of the endothelium and improved microvascular perfusion [8]. In our cohort we also
observed beneficial effects of FFP administration on markers of endothelial function.
The reduction of syndecan-1 levels in response to FFP was accompanied by attenuated levels of factor VIII and von Willebrand factor (vWF). As ADAMTS-13 levels
increased, we postulate that the ADAMTS-13 present in administered FFPs reduces
large vWF monomers. This is also the rationale of plasmapheresis in ADAMTS-13
deficiency. Presumably, this mechanism seems to also hold true for endothelial
damage in the critically ill. Of note, levels of inflammatory cytokines remained unaltered or even improved in response to FFP transfusion. These observations are not
in line with reports of associations between FFP transfusion and the occurrence of
lung injury in critically ill patients [9,10]. However, antibody-containing plasma might
have contributed to these observations. Although we did not assess antibody levels,
FFP used in our trial was manufactured after institution of the policy to defer female
donors for FFP preparation, a measure known to reduce the risk of lung injury after
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transfusion. Thereby, the association of FFP with TRALI may be limited to antibody
mediated lung injury, whereas administration of FFP might have beneficial effects
in certain patient categories, not to correct coagulopathy, but to improve endothelial function. Further research is warranted to identify these patient categories, to
assess the optimal dose and timing of FFP and to define outcome measures and
treatment targets.
In conclusion, we cannot reject the hypothesis that FFP is unnecessary to prevent
bleeding complications in critically ill patients with a coagulopathy, due to limited
inclusion in the TOPIC trial. However, administration of FFP failed to alter the hemostatic balance in these patients and only marginally affected thrombin generation
and thromboelastometry. Despite this lack of effect on coagulation status, administration of FFP might have beneficial effects on endothelial function. Further research
is warranted to confirm and further explore this observation.
Future directives
Clinicians treating critically ill patients with a coagulopathy need a, preferably bedside, test that assesses coagulation status and identifies patients with an increased
bleeding risk. Possibly the establishment of reference values for thromboelastometry for critically ill patients can contribute to the value of this test in the ICU
population. However, studies on the use of thromboelastometry to assess bleeding
risk are warranted first. Alternatively, it would be interesting to determine whether
the use of thrombin generation tests in the clinical setting is feasible and contributes
to improved assessment of patients with a coagulopathy.
If a patient indeed is hypocoagulable and has an enhanced bleeding risk, it is questionable whether a dose of 12 ml/kg FFP is sufficient to induce a more procoagulant state. However, results from audits indicate that use of higher doses of FFP is
not deemed feasible in clinical practice. Also, despite the expressed need of more
evidence on the use of FFP by many experts in the field, we believe that another
randomized controlled trial on effectiveness of FFP in critically ill patients with a
coagulopathy is not feasible, at least not in the Netherlands. An alternative option for
further research is to assess whether patients with an increased bleeding risk could
benefit from the administration of four factor prothrombin complex concentrate
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or fibrinogen. These products require less volume and are not associated with the
occurrence of lung injury.
In addition, it would be valuable to re-assess the bleeding risk of the most commonly
performed procedures in the ICU, for example central venous catheter placement.
Previous studies have already shown that procedure related bleeding complications
are limited. However, the increasing use of ultrasound guided placement might have
further reduced this risk, as was shown for pleural drainage [11]. Further confirmation of these observations could support clinicians to refrain from correction of a
coagulopathy in case an intervention is necessary.
Finally, the observation that administration of FFP might have some beneficial effects
on endothelial function needs to be further elucidated. Mechanisms of action and
potential effects on clinical outcomes in different patient categories need to be further investigated. Of note, in addition to the lack of a pro-inflammatory effect of FFP
there are also indications that administration of FFP is associated with enhanced risk
of infectious complications in critically ill. All these observations need confirmation
and to be studied in further detail before FFP can be suggested as a new therapeutic
or resuscitation fluid for critically ill patients.

Part III: Risks of transfusion in the critically ill: TRALI
Summary of results
In the last part of this thesis we further investigated the problem of lung injury following transfusion. In chapter 10, an overview is given of risk factors for the onset
of TRALI in critically ill patients. Main patient related risk factors are sepsis, shock,
mechanical ventilation, cardiac surgery, the presence of a haematological malignancy and the need for massive transfusion. Blood product related risk factors consist of the presence of anti-leukocyte antibodies, bioactive response modifiers and
the presence of the red cell storage lesion. Knowledge of these risk factors supports
the ICU physician to take a more individualized approach in assessing the risk-benefit of the decision to transfuse a patient.
We further elucidated the inflammatory changes in TRALI and in particular the contribution of damage associated molecular patterns (DAMPs). DAMPs ligate with
the receptor for advanced glycation end products (RAGE), which is expressed on
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type I alveolar cells, endothelium and neutrophils. Both high-mobility group box 1
(HMGB1) and S100A12 are DAMPs that have been shown to contribute to inflammatory insults in the lung. We studied their contribution to the inflammatory
response in 14 cardiac surgery patients that developed TRALI (chapter 11). These
patients were matched with transfused and non-transfused controls without lung
injury. Although specific DAMPs including HMGB1 and sRAGE did not differ between
groups, there was a trend towards higher levels of early DAMP S100A12 in patients
who developed TRALI. S100A12 levels were associated with prolonged cardiopulmonary bypass, pulmonary inflammation, prolonged ventilation and hypoxemia.
Hereby S100A12 may mediate the priming phase of acute lung injury in cardiac surgery patients who develop TRALI.
Although the pathophysiology of TRALI is not fully elucidated, various preventive
measures to reduce the risk of TRALI have been studied and implemented by blood
supplying facilities across Europe and Northern America. An overview of TRALI
prevention strategies is given in chapter 12 and in chapter 13 specific measures to
prevent immune-mediated TRALI are discussed. The most striking TRALI prevention
measure has been the deferral of females from donating plasma. However, evidence
that the deferral of all female plasma donors indeed reduces TRALI incidence is
mainly gathered in studies with a before-after design. In order to further strengthen
evidence for low TRALI risk donor strategies, we performed a systematic review and
meta-analysis (chapter 14). This meta-analysis made clear that the implementation
of low risk TRALI plasma donor strategies indeed reduced onset of TRALI (OR 0.61
95%CI 0.42-0.88). The effect was most clear in patients with an increased risk to
develop TRALI (OR 0.51 95%CI 0.29-0.90), while effects in general patient populations showed a similar non-significant trend (OR 0.66 95%CI 0.40-1.09).
Despite preventive measures TRALI still occurs, in particular in high-risk populations such as critically ill patients. To date no therapeutic strategies are available.
Therefore we studied the effects of two potential therapeutic strategies in a mouse
model of TRALI. First, effects of corticosteroids were assessed. Despite an attenuated IL-6 host response, administration of methylprednisolone failed to prevent
the development of lung injury in this ‘two hit’ murine TRALI model (chapter 15).
We also assessed the effect of administration of C1-inhibitor in the same TRALI
model (chapter 16). We confirmed that induction of TRALI resulted in activation of
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the complement system, demonstrated by increased BALF levels of C3a and C5a.
Administration of C1-inhibitor reduced pulmonary levels of C3a and improved lung
injury scores. However, C5a and inflammatory cytokines levels were unaffected by
C1-inhibitor.
Discussion
In particular critically ill patients are at increased risk to develop TRALI. In these
patients, some factors can be modified in order to reduce susceptibility for TRALI.
Mechanical ventilation with injurious tidal volumes aggravate TRALI in a mouse
model [12] and contributes to adverse outcome in patients with lung injury [13].
In addition, fluid restrictive management has been shown to improve outcomes
in patients with acute lung injury [14]. Considering the similarities between acute
lung injury and TRALI, it seems reasonable that these strategies also have beneficial
effects in reducing TRALI risk. However, as most patient related risk factors can not
be modified, the key point remains an adequate assessment of whether a patient is
really likely to benefit from the administration of a blood product.
Blood products also harbour risk factors for the development of a TRALI reaction.
Anti-leukocyte antibodies are indisputably associated with the occurrence of TRALI,
moreover the presence of anti-neutrophil antibodies (HNA-3a and 5b) is associated with a more severe course of TRALI [15]. To prevent antibody mediated TRALI,
important preventive measures have been implemented in the past decade. The
deferral of female or antibody harbouring donors from donating FFP has resulted in
a significant reduction of TRALI risk, in particular in at risk populations. This policy
was shown to be feasible without interfering with adequate plasma supply. However, immune mediated TRALI can also result from platelet transfusion and deferral
of all female or antibody harbouring donors will hamper adequate supply. Alternative measures to prevent platelet related antibody mediated TRALI could be the
resuspension of platelets in male plasma or the addition of platelet additive solution, although these measures have not been widely adopted yet. Finally, occurrence of non-immune mediated TRALI is unaffected by abovementioned measures.
Evidence regarding the contribution of prolonged storage of red blood cells and
resulting accumulation of bioactive substances with neutrophil priming capacity to
the occurrence of TRALI is conflicting [16,17]. These opposing results are probably
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not only affected by storage time, but also by storage conditions and remaining
plasma content in implicated products. However, to date no evidence is available
whether specific measures regarding preparation and storage of blood products
indeed affect TRALI risk.
Although preventive measures have reduced TRALI incidence, once TRALI occurs
morbidity and mortality is considerable. Therefore therapeutic strategies are highly
warranted. Corticosteroids are anecdotally used in patients with TRALI and in ARDS
use of corticosteroids reduces mortality [18]. As ARDS and TRALI show pathophysiological similarities, we hypothesized that corticosteroids could attenuate a TRALI
reaction. However, in a murine ‘two hit’ TRALI model, methylprednisolone failed to
attenuate occurrence of lung injury, despite a systemic and pulmonary reduction of
IL-6 levels. Possible explanations for an absence of effect could be suboptimal timing
of methylprednisolone administration and contribution of inflammatory pathways
to a TRALI reaction that are steroid independent, for example complement activation. Therefore, we also evaluated the effect of C1-inhibitor in TRALI. In line with
others, we indeed demonstrated complement activation in TRALI. Although administration of C1-inhibitor reduced C3a levels, C5a levels remained unaffected, as were
cytokine levels. We speculate that routes that are independent from C1-esterase,
such as the alternative route and routes that activate coagulation, contribute to
persisting high C5a levels and subsequent inflammation.
In conclusion, critically ill patients carry an increased risk to develop TRALI, but
implementation of strategies to reduce TRALI risk of plasma containing blood products by blood supplying facilities, have significantly attenuated TRALI risk. However,
therapeutic strategies are still warranted, as these measures do not prevent all TRALI
cases. Experimental evidence does not support the use of corticosteroids for the
treatment of TRALI. Also, effectiveness of the administration of C1-inhibitor could
not be demonstrated. Further understanding of TRALI pathophysiology and the role
complement activation is warranted before more targeted therapeutic strategies
can be developed.
Future directives
Although the implementation of preventive measures has reduced TRALI incidence,
there are still several issues that need to be addressed for future prevention of
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TRALI. First universal use of the consensus definition is highly warranted, hereby
donors implicated in TRALI can be identified. In addition, guidelines on donor deferral and antibody screening are warranted. Also, standardization of HLA and HNA
tests to screen donors is needed. Further research has to elucidate whether storage
conditions and duration indeed affect occurrence of TRALI. Results of a trial comparing fresh blood with standard transfusion care in critically ill patients are expected
within a year. With regard to plasma products, no TRALI cases have been reported
with the use of pooled plasma and it has been successfully used for years in Scandinavian countries. Also, the Netherlands will change to pooled plasma instead of FFP
this year. Whether this change indeed results in a further reduction of plasma associated TRALI cases, including in high-risk patients such as critically ill, will become
clear in the near future. Finally, additional evidence on other factors or substances
within blood products that contribute to adverse reactions, in particular in patients
at risk, will help to develop a more tailored transfusion policy for critically ill patients.
Also clinicians’ awareness about the risk and benefits of transfusion of blood products needs to be improved, as many audits have shown high rates of inappropriate
use of blood products. A restrictive transfusion policy has shown to be safe and
advantageous in different types of critically ill patients [19-21]. However, at least in
the Netherlands, this evidence has not yet been incorporated in clinical guidelines or
become routine practice in daily care. In addition, as discussed previously, inappropriate use of plasma products is also still high [22]. Therefore, improved knowledge
and awareness among clinicians will hopefully contribute to reduced inappropriate
use of blood products, with a concomitant reduction in undesired side effects and
costs. The implementation of computer-supported decision making is a promising
tool in this perspective.
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Inleiding
Bij ernstige zieke patiënten die op de intensive care (IC) moeten worden opgenomen, is er bijna altijd sprake van een ontstekingsreactie. Een ontstekingsreactie heeft effect op het functioneren van het stollingssysteem van deze patiënten
(coagulopathie). Coagulopathie komt dan ook zeer frequent voor bij ernstig zieke
patiënten. Ontsteking activeert het stollingssysteem waarbij er meer trombine (stolselvorming) gegenereerd wordt en daarnaast is de afbraak van stolsels (fibrinolyse)
verminderd, net als de spiegels van de natuurlijk voorkomende antistollingseiwitten.
Deze veranderingen induceren een verhoogde stollingsneiging, hypercoagulabiliteit.
Hierbij kunnen (micro-) trombi ontstaan die leiden tot verminderde doorbloeding
van de organen en zo falen van orgaan functie kunnen induceren. Uiteindelijk kan
hierdoor een beeld van multi-orgaanfalen (MOF) ontstaan. Echter, als deze staat van
geactiveerde stolling voortduurt, kan het evenwicht verschuiven van hyper- naar
een hypocoagulabiliteit (verminderde stollingsneiging) door uitputting van de voorraad stollingsfactoren, waarbij juist een verhoogde bloedingsneiging kan ontstaan.
De testen die standaard in de kliniek gebruikt worden om de stollingsneiging van
een patiënt te evalueren (Protrombine Tijd (PT) en International Normalized Ratio
(INR)), weerspiegelen slechts een beperkt deel van het gehele proces van stolselvorming en -afbraak. Om een inschatting te maken van het reële bloedingsrisico
bij IC patiënten is de waarde van deze bepalingen dan ook zeer beperkt en daarnaast ontberen deze testen de mogelijkheid om een staat van verhoogde stolling te
detecteren. Het is wel mogelijk om het hele proces van stolselvorming en -afbraak
te monitoren met behulp van visco-elastische testen: thromboelastografie (TEG) of
thromboelastometrie (ROTEM). Tevens kan met behulp van deze testen een verhoogde stollingsneiging aangetoond worden. Klinische toepassing en ervaring van
deze methode bij IC patiënten is echter nog niet wijdverbreid.
Ondanks de beperkte waarde van de conventionele stollingstesten om een indicatie
te geven van het in vivo bloedingsrisico, is een verhoogde PT waarde de belangrijkste reden om Fresh Frozen Plasma (FFP) aan IC patiënten toe te dienen. Het is
dan ook gebleken dat een substantieel aantal patiënten tijdens hun verblijf op de
IC wordt getransfundeerd met FFP. De effecten van FFP op de in vivo stollingsbalans
van kritisch zieke patiënten zijn echter grotendeels onbekend. Daarnaast is het niet
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bekend of toediening van FFP aan deze patiënten inderdaad een vermindering van
het eventueel verhoogde bloedingsrisico geeft. Daarentegen lijkt het gebruik van
FFP bij IC patiënten niet zonder risico te zijn. De belangrijkste schadelijke bijwerking
is het ontstaan van (transfusie gerelateerde) longschade.
In dit proefschrift hebben we onderzocht wat de waarde van TEG/ROTEM is in het
vaststellen van stollingsstoornissen bij verschillende typen kritische zieke patiënten.
Daarnaast hebben we de effecten van een profylactische FFP transfusie onderzocht
bij IC patiënten met een coagulopathie. De effecten van FFP op het stollingssysteem
hebben we met meerdere testen geëvalueerd. Tevens hebben we de effecten van
FFP op het voorkomen van bloedingen en het optreden van longschade onderzocht.
In het laatste deel van dit proefschrift wordt de pathofysiologie van de belangrijkste bijwerking van transfusie, transfusie gerelateerde longschade (TRALI), in meer
detail bestudeerd. Tevens hebben we twee potentiele therapeutische strategieën
voor TRALI getest in een diermodel. Tenslotte hebben we een systematische samenvatting en meta-analyse verricht van de beschikbare literatuur met betrekking tot
het effect van de implementatie van TRALI risico reductie strategieën door bloedbanken.

Deel I: Diagnostiek van coagulopathie bij IC patiënten:
thromboelastometrie
In hoofdstuk 2 wordt een overzicht gegeven van de ervaring met TEG en ROTEM
bij verschillende typen IC patiënten, waaronder trauma-, neurochirurgische- en
cardiochirurgische patiënten. Samenvattend is er beperkt bewijs dat TEG/ROTEM
van toegevoegde waarde is in het opsporen van een hypocoagulabele staat bij deze
patiënten indien ze opgenomen zijn op de IC. De waarde van deze testen voor het
inschatten van het bloedingsrisico van de individuele patiënt is vooralsnog dan ook
beperkt. Hetzelfde geldt voor het vaststellen van een hypercoagulabele staat en
een inschatting op de kans op orgaan falen of het optreden van trombo-embolische
complicaties. De belangrijkste oorzaken voor deze beperkte mate van bewijs zijn de
grote verschillen in studie opzet, gebruik van verschillende controle groepen en een
gebrek aan referentie waarden en verschil in gekozen eindpunten.
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In hoofdstuk 3 wordt een systematische samenvatting gegeven van de beschikbare
literatuur ten aanzien van het gebruik van TEG/ROTEM bij patiënten met sepsis. Ook
hier waren de verschillen tussen de studies groot en was er risico op bias. Er zijn
geen studies die een inschatting hebben gemaakt van het bloedingsrisico gebaseerd
op TEG/ROTEM resultaten. Wat betreft hypercoagulabiliteit, lijkt TEG/ROTEM wel
van additionele waarde om een onderscheid te maken tussen patiënten met en zonder diffuse intravasale stolling (DIS). Niet een hyper-, maar een hypocoagulabel TEG/
ROTEM profiel correleert met het voorkomen van DIS bij patiënten met sepsis. Een
hypocoagulabel profiel is daarbij geassocieerd met ernstiger orgaan falen en een
toegenomen sterftekans.
In hoofdstuk 4 hebben we de waarde van ROTEM bestudeerd om de uitkomst van
patiënten na een trauma te voorspellen. Van de patiënten die overlijden ten gevolge
van een trauma, overlijdt de helft in de acute fase ten gevolge van verbloeding. Van
de patiënten die later alsnog overlijden, is het optreden van MOF de belangrijkste
doodsoorzaak. Onze hypothese was dat laat overlijden na trauma samen zou hangen
met een hypercoagulabel profiel in de ROTEM test. In een groot cohort van trauma
patiënten hebben we gekeken of ROTEM profielen voorspellende waarde hadden
voor het optreden van orgaan falen en sterfte in deze patiënten. De resultaten lieten zien dat een hypocoagulabel profiel vroeg na opname geassocieerd was met
een ernstigere vorm van MOF en een toegenomen sterftekans. Een hypercoagulabel
profiel komt voor bij 10% van de patiënten die een ernstig trauma heeft gehad.
Tenslotte hebben we in een cohort IC patiënten de correlatie bepaald van ROTEM
met de conventionele stollingstesten (Hoofdstuk 7). Hierbij bleek dat de correlatie met INR matig was. ROTEM uitslagen correleerden goed met protrombine spiegels, trombocyten aantal en fibrinogeen waarden. Patiënten met DIS hadden ook
in dit cohort meer hypocaogulabele ROTEM uitslagen dan patiënten zonder DIS.
De ROTEM waarden correleerden daarnaast sterk met de ISTH DIC score, de meest
gebruikte score om de diagnose DIS te stellen. Deze bevindingen bevestigen de
potentiele waarde van ROTEM om IC patiënten met en zonder DIS van elkaar te
onderscheiden.
Concluderend lijkt TEG/ROTEM een veelbelovende test om de stollingsstatus te
evalueren bij verschillende soorten ernstig zieke patiënten, met name indien er
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de verdenking op DIS bestaat. Er is echter verdere standaardisatie, vaststelling van
referentie waarden en de ontwikkeling van uniforme definities noodzakelijk, voordat de techniek geïmplementeerd kan worden in de dagelijkse praktijk. Daarnaast is
het gebruik van TEG/ROTEM van aanvullende waarde om de prognose van ernstig
zieke en trauma patiënten in te schatten. Er is verder onderzoek nodig om te bepalen of therapeutische interventies gebaseerd op TEG/ROTEM profielen inderdaad de
uitkomsten van deze patiënten verbeteren.

Deel II: Effectiviteit van plasma transfusie bij intensive care
patiënten
Het tweede deel van dit proefschrift bestaat uit studies naar de effectiviteit van
FFP transfusie bij intensive care patiënten met een coagulopathie. We hebben een
gerandomiseerde studie verricht in meerdere ziekenhuizen. Doel van deze studie
was het effect van een profylactische FFP transfusie te evalueren op het voorkomen
van bloedingscomplicaties bij IC patiënten, met een coagulopathie, die een interventie moesten ondergaan (TOPIC trial). Deze studie liet zien dat er geen verschil
was in het aantal procedure gerelateerde bloedingscomplicaties tussen patiënten
die wel of geen FFP transfusie kregen (hoofdstuk 5). Echter, door tegenvallende
inclusie aantallen is de studie vroegtijdig afgebroken. Hierdoor was het niet mogelijk geplande statistische analyses uit te voeren en kon non-inferiority van het niet
geven van FFP aan deze patiënten niet worden aangetoond. Het secundaire eindpunt van de studie was het optreden van longschade, hierbij was er geen verschil
tussen patiënten die wel of geen FFP hadden ontvangen. Wel was de beademingsduur van patiënten die getransfundeerd waren met FFP langer, mogelijk ten gevolge
van het vaker voorkomen van beademing gerelateerde longontstekingen in deze
patiëntengroep. Deze verschillen kunnen echter ook het gevolg zijn van de kleine
patiënten aantallen. Correctie van INR na FFP transfusie was een ander secundair
eindpunt, waarbij opviel dat slechts de helft van de patiënten na FFP transfusie een
INR van minder dan 1.5 had, terwijl deze waarde een veel gerapporteerde grens is
voor het toedienen van FFP.
In hoofdstuk 6 hebben we onderzocht of INR verlenging inderdaad gepaard ging met
veranderingen in andere stollingstesten en wat het effect van FFP op deze testen
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was. Bij aanvang van de studie hadden patiënten inderdaad verlaagde niveaus van
de individuele stollingsfactoren. Dit ging echter ook gepaard met verlaagde niveaus
van natuurlijk voorkomende antistollingseiwitten. Hierbij was de trombine generatie verminderd. Het toedienen van FFP (dosis 12 ml/kg) aan deze patiënten resulteerde in een stijging van het aantal stollingsfactoren met daarbij ook een stijging
van de natuurlijke antistollingsfactoren. De transfusie had echter nauwelijks effect
op de mate van trombine generatie. Samenvattend resulteert FFP transfusie in een
verbetering van conventionele stollingstesten (INR en PT) doordat de individuele
stollingsfactoren toenemen, maar treedt er geen verschuiving op in de hemostatische balans van deze patiënten.
Zoals al eerder genoemd, laten we in hoofdstuk 7 zien dat IC patiënten met DIS
meer hypocoagulabele ROTEM profielen hadden in vergelijking tot patiënten die
geen DIS hebben. Voor het eerst beschrijven we in dit hoofdstuk de effecten van
FFP op ROTEM variabelen bij IC patiënten met een coagulopathie. De transfusie van
FFP resulteerde in enige verbetering van de ROTEM profielen, maar het effect was
minimaal en de klinische relevantie is discutabel. Het effect van FFP op ROTEM variabelen verschilde niet tussen patiënten met en zonder DIS.
In hoofdstuk 8 bespreken we de effecten van FFP op ontsteking en het endotheel,
de binnenbekleding van de vaatwand. Deze sub-studie van de TOPIC trial laat zien
dat de ontstekingseiwitten in deze patiënten matig verhoogd waren. In tegenstelling tot de hypothese dat FFP transfusie een ontstekingsreactie uitlokt, resulteerde
FFP transfusie in een afname van TNF-alfa. De spiegels van de andere ontstekingseiwitten veranderden niet na toedienen van FFP. Markers van endotheel activatie
(factor VIII, von Willebrand factor en Syndecan-1) verbeterden allen na een transfusie met FFP, dit wekt de suggestie dat FFP mogelijk een endotheel stabiliserende
effect heeft.
Het laatste hoofdstuk in dit deel (hoofdstuk 9) beschrijft de evaluatie van de TOPIC
studie. Omdat de studie vroegtijdig afgebroken is, in verband met tegenvallende
inclusie getallen, hebben we een enquête verricht onder de artsen de betrokken
waren bij de inclusie in de studie. Het doel was inzicht te krijgen in eventuele barrières die een succes vol verloop van de studie in de weg hebben gestaan. Deze enquête
toonde aan dat er wel degelijk behoefte bestaat aan meer bewijs ten aanzien van
het profylactisch gebruik van FFP bij IC patiënten met een coagulopathie. Toch
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waren artsen terughoudend om patiënten in de studie te includeren. De belangrijkste redenen hiervoor waren persoonlijke voorkeuren ten aanzien van de te volgen
transfusie strategie. Daarnaast was er maar een beperkt tijdvak waarin patiënten
geïncludeerd konden worden. Op basis van de resultaten van deze enquête, lijkt het
vrijwel niet mogelijk om in Nederland in de toekomst nog onderzoek te verrichten
naar de effectiviteit van FFP.
Concluderend kunnen we, op basis van bovenstaand onderzoek, de hypothese dat
FFP niet nodig is om bloedingen bij IC patiënten met een coagulopathie te voorkomen, niet verwerpen. De oorzaak hiervoor is de beperkt inclusie van patiënten in
de TOPIC studie. Wel is duidelijk dat FFP toediening bij deze patiënten de hemostatische balans niet verandert en dat de effecten op trombine generatie en ROTEM
zeer beperkt zijn. Ondanks dit gebrek aan effect van FFP op de stollingsstatus, heeft
FFP mogelijk wel gunstige effecten op de functie van het endotheel. Verder onderzoek is nodig om deze bevindingen te bevestigen en de betekenis ervan verder te
exploreren.

Deel III: Transfusie gerelateerde longschade bij intensive care
patienten
In het laatste deel van dit proefschrift beschrijven we studies met betrekking tot
het optreden van transfusie gerelateerde longschade (TRALI). In hoofdstuk 10
wordt een overzicht gegeven van de risicofactoren voor het ontstaan van TRALI bij
patiënten op de intensive care. De belangrijkste patiënt gerelateerde risicofactoren zijn sepsis, shock, kunstmatige beademing, hartchirurgie, de aanwezigheid van
een hematologische maligniteit en de noodzaak om een massale transfusie toe te
dienen. Bloedproduct gerelateerde risicofactoren bestaan uit de aanwezigheid van
antileukocyten antistoffen en bioactieve stoffen in het te transfunderen product.
Daarnaast spelen beschadigingen die aan de rode bloedcel ontstaan als gevolg van
de opslag van het product een rol. Kennis van deze risicofactoren maakt het voor de
IC-arts mogelijk om per patiënt een afweging te maken tussen de voor- en nadelen
van een eventuele transfusie.
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Indien een patiënt toch TRALI ontwikkelt, gaat dit gepaard met een ontstekingsreactie in de long. We hebben dit ontstekingsproces verder proberen te ontrafelen en
daarbij in het bijzonder gekeken naar de bijdrage van “Damage Associated Molecular Patterns” (DAMPs). Deze moleculen, die vrijkomen bij weefselschade en ontsteking, binden aan de RAGE (Receptor for Advanced Glycation Endproducts) receptor,
welke onder meer voorkomt op het oppervlakte van de alveoli, het endotheel en
neutrofielen. Zowel “high-mobility group box 1” (HMGB-1) als S100A12 zijn DAMPs
die een rol spelen in ontstekingsreacties in de long. Wij hebben hun bijdrage aan
ontstekingsreacties bestudeerd bij 14 patiënten die hartchirurgie ondergingen en
TRALI ontwikkelden (Hoofdstuk 11). Deze patiënten werden vergeleken met patiënten die wel of geen transfusie hadden ontvangen, maar geen longschade hadden
ontwikkeld. De DAMPs HMGB1 en oplosbaar RAGE verschilden niet tussen de groepen, wel was er een trend naar hogere S100A12 waarden in patiënten die TRALI
ontwikkelden. Daarnaast waren S100A12 waarden geassocieerd met langere duur
aan de hart-longmachine, mate van ontsteking in de long, langere beademingsduur
en lagere zuurstof spanning in het bloed. S100A12 speelt daarom mogelijk een rol
in de eerste fase (“priming phase”) van het ontstaan van longschade bij patiënten
na hartchirurgie.
Ondanks dat er nog veel onduidelijkheden zijn rondom de pathofysiologische veranderingen die optreden bij patiënten met TRALI, hebben bloedbanken in Europa
en Noord Amerika de laatste jaren verschillende TRALI preventie strategieën ontwikkeld en geïmplementeerd. In hoofdstuk 12 wordt een overzicht gegeven van
deze verschillende preventieve strategieën, daarnaast wordt in hoofdstuk 13 dieper
ingegaan op specifieke maatregelen om immuun-gemedieerde TRALI te voorkomen.
De meest opvallende TRALI preventie maatregel is het uitsluiten van vrouwen van
plasma donatie. De onderbouwing voor deze en andere maatregelen om het donor
gerelateerde TRALI risico te reduceren, komt echter met name uit studies die een
“voor-na” opzet hebben. Om de onderbouwing voor de effectiviteit van deze maatregelen te verstevigen hebben we een meta-analyse verricht (hoofdstuk 14). Uit
deze meta-analyse komt duidelijk naar voren dat de implementatie donor strategieën om het TRALI risico te reduceren, inderdaad leidt tot een reductie van de kans
op TRALI (OR 0.61 95%CI 0.42-0.88). Het effect was het grootst in patiënten die een
verhoogd risico hadden om TRALI te ontwikkelen (OR 0.51 95%CI 0.29-0.90), terwijl
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de effecten in de algemene populatie een zelfde, maar niet significante, trend vertoonden (OR 0.66 95%CI 0.40-1.09).
Ondanks deze preventieve maatregelen komt TRALI nog steeds voor, met name
bij patiënten die een verhoogd risico hebben, zoals ernstig zieke patiënten. Tot op
heden is er geen behandeling voor TRALI beschikbaar. Daarom hebben we twee
mogelijke behandelingen voor TRALI onderzocht in een muis model. Ten eerste
hebben we gekeken naar de effecten van toediening van steroïden. Echter, ondanks
een afname van IL-6, konden steroïden niet voorkomen dat er toch longschade ontstond in dit “two-hit” muis model van TRALI (hoofdstuk 15). In het zelfde model
hebben we ook het effect C1-inhibitor, een remmer van het complement systeem,
geëvalueerd (hoofdstuk 16). Inderdaad leidt de inductie van TRALI tot complement
activatie, te zien aan verhoogde C3a en C5a waarden in de longvloeistof. Toediening
van C1-inhibitor zorgde voor een reductie van de verhoogde C3a waarden en lagere
long schade scores in histologische preparaten, maar had geen effect op de hoogte
van de ontstekings parameters en C5a waarden.
Concluderend kunnen we zeggen dat intensive care patiënten een verhoogde kans
hebben om TRALI te ontwikkelen. De implementatie van TRALI risico reductie strategieën voor plasma producten door bloedbanken, hebben het risico op het ontstaan van TRALI duidelijk verminderd. Deze maatregelen voorkomen echter niet alle
gevallen van TRALI en daarom is het nog steeds van belang dat er een behandeling voor TRALI wordt ontwikkeld. Uit experimenteel onderzoek komt naar voren
dat de toediening van corticosteroïden of C1-inhibitor niet effectief is. Verdere verheldering van de pathofysiologische veranderingen in TRALI en de mogelijk rol van
complement activatie hierin zijn nodig, voordat meer gerichte therapeutische strategieën ontwikkeld kunnen worden.
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