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Background and Objectives Analyses of fatal transfusion reactions in the UK and
USA have shown that transfusion-related acute lung injury (TRALI) is among the
most common causes of fatal transfusion reactions.

Material and Methods Review of the literature was used to analyse TRALIL

Results TRALI is characterized by acute respiratory distress and non-cardiogenic lung
oedema developing during, or within 6 h of, transfusion. In atypical cases, TRALI
can become symptomatic much later. TRALI must be carefully differentiated from
transfusion-associated circulatory overload. In its fulminant presentation, TRALI can
be clinically indistinguishable from acute respiratory distress syndrome occurring as
a result of other causes. The severity of TRALI depends upon the susceptibility of the
patient to develop a more clinically significant reaction as a result of an underlying
disease process, and upon the nature of triggers in the transfused blood components,
including granulocyte-binding alloantibodies (immune TRALI) or neutrophil-priming
substances such as biologically active lipids (non-immune TRALI). Immune TRALI,
which occurs mainly after the transfusion of fresh-frozen plasma and platelet con-
centrates, is a rare event (about one incidence per 5000 transfusions) but frequently
(= 70%) requires mechanical ventilation (severe TRALI) and is not uncommonly fatal
(6-9% of cases). Non-immune TRALI, which occurs mainly after the transfusion of
stored platelet and erythrocyte concentrates, seems to be characterized by a more
benign clinical course, with oxygen support sufficient as a form of therapy in most
cases, and a lower mortality than immune TRALIL.

Conclusions By virtue of its morbidity and mortality, TRALI has become one of the
most serious current complications of transfusion. To prevent further antibody-
mediated cases, the evaluation of TRALI should include leucocyte antibody testing of
implicated donors. However, further studies are necessary for the prevention of this
serious transfusion complication.

Key words: granulocyte, lung injury, neutrophil, pulmonary injury, TRALI,
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attributed to circulatory overload. However, investigators

Historical background and clinical significance

Until relatively recently, the respiratory system has not been
considered to be an important target of transfusion injury, as
transfusion-associated pulmonary injury has usually been
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have shown that non-cardiogenic lung oedema is also an
important pulmonary complication of transfusion. Since
Barnard’s initial description in 1951 [1], non-cardiogenic
lung oedema related to transfusion has been widely reported
using various designations, including non-cardiogenic
pulmonary oedema, pulmonary hypersensitivity and severe
allergic pulmonary oedema. In 1983, Popovsky et al. [2]
coined the term ‘transfusion-related acute lung injury’
(TRALI). With the first analysis of a large series of 36 patients
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reported in 1985 by Popovsky & Moore [3], TRALI was rec-
ognized as a distinct clinical entity.

The clinical significance of TRALI became evident in 1990,
when Sazama published an evaluation of 355 transfusion-
associated deaths reported to the United States Food and Drug
Administration (FDA) in the period from 1976 to 1985 [4]. Of
the fatalities, 15% were caused by acute pulmonary injury,
representing the second most common cause of transfusion-
associated death after ABO-incompatible transfusions. How-
ever, much of the emphasis in transfusion medicine in the
1990s remained on transfusion-transmitted viral infections.
The British Serious Hazards of Transfusion (SHOT) initiative has
consistently demonstrated, in its annual reports since 1996,
that TRALI is one of the most common causes of transfusion-
associated major morbidity and death. The results from other
national haemovigilance programmes have also identified
TRALI as a significant adverse transfusion event (Table 1).
The reported mortality rates of TRALI vary, as follows:
6%, in the study of Popovsky & Moore [3]; 9%, in the SHOT
report [5]; and 20%, in a recent re-evaluation of the French
haemovigilance database [6].

Clinical presentation

TRALI s best described as a clinical constellation of dyspnoea
and bilateral pulmonary oedema (Fig. 1) that usually develops
during, or within 6 h of, a transfusion. Hypoxaemia, fever,
hypotension, tachycardia and cyanosis also often occur.
Although the symptoms usually commence within 1-2 h of
transfusion, some patients can develop dyspnoea as late as
48 h after transfusion (atypical TRALI) [10-12]. Radiological
examination shows bilateral pulmonary infiltrates consistent
with pulmonary oedema. Radiographs may be patchy in the
first hours, with progression of the alveolar and interstitial
infiltrates such that there can be a ‘whiteout’ of the entire
lung. Radiological findings tend to be more remarkable
than the physical ones. In its fulminant presentation, TRALI
is indistinguishable from acute respiratory distress syndrome
(ARDS), which is induced by causes other than transfusion.
However, unlike ARDS (with its high mortality), the lesion in

i

Fig. 1 Chest radiograph, before and after blood transfusion, of a patient
with transfusion-related acute lung injury (TRALI). Bilateral pulmonary
infiltrates consistent with pulmonary oedema are an essential criterion for
the clinical diagnosis of TRALI. Radiographs may be patchy in the first hours
following transfusion, with progression of the alveolar and interstitial
infiltrates such that there can be a ‘whiteout' of the entire lung. Radiological
findings tend to be more remarkable than physical findings. Reproduced
from [31], with permission from Blackwell Publishing Ltd. Bux et al.

Table 1 Transfusion-related acute lung injury (TRALI) in reports of haemovigilance networks

UK (SHOT) [5] Germany (PEI) [7]

Denmark (DART) [8]

France (AFSSaPS) [6] Canada (Quebec) [9]

Time-period 1996-2003 1995-2002 1999-2002 1994-98 2000-03
TRALI cases 139 101 6 34 21
Percentage of all 7 3 7 0-15 05
adverse events

Mortality (%) 9 (249 NR NR 20 95

?Including deaths possibly attributable to TRALI.
NR, not reported.
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TRALI is, in most cases, transient and shows radiographical
clearing of the infiltrates within 96 h in = 81% of affected
patients [3].

Diagnostic criteria for TRALI and differential
diagnosis

The first report of the French haemovigilance network, in
2003, did not include TRALI [13] as they, unlike SHOT, did
not request it to be reported. Thus, in order to compare data
between haemovigilance schemes, a definition of TRALI, based
on agreed diagnostic criteria, has become imperative. A
Working Party on Definitions of Adverse Transfusion Events
has therefore been established by the European Haemo-
vigilance Network (EHN). This group has suggested the
following minimum requirements for the clinical diagnosis
of TRALI: the occurrence of acute respiratory distress during
or within 6 h of transfusion; no signs of circulatory overload;
and X-ray evidence of bilateral pulmonary infiltrates (Table 2)
[14]. These criteria are similar to those used by Popovsky &
Moore [3]. The consensus panel of the North American
‘Towards an Understanding of TRALI’ Consensus Conference,
held in Toronto in 2004, suggested a preliminary TRALI
definition that included the same criteria as the EHN with the
addition of clinical signs of hypoxaemia and the absence of
additional risk factors for acute lung injury (ALI) (Table 2)
[15]. In patients with ALI risk factors, TRALI should be con-
sidered ‘possible’

The differential diagnosis of patients who present with
lung injury after transfusion includes transfusion-associated
circulatory overload (TACO), cardiogenic oedema, allergic
and anaphylactic transfusion reactions, and transfusion
of bacterially contaminated blood components. Circulatory
overload can result from hypertransfusion to individuals at

Table 2 Criteria for the clinical diagnosis of transfusion-related acute lung
injury (TRALI)

TRALI definition of the European Haemovigilance Network (EHN) [14]
® Acute respiratory distress

® Bilateral lung infiltrations in the chest radiograph

® QOccurrence during or within 6 h after completion of transfusion

* No evidence of transfusion-associated circulatory overload

Amendments by the TRALI Consensus Conference Committee in Toronto,
2004 [15]

® Hypoxaemia (Pa0,/Fi0, < 300 or O, saturation < 90% or other clinical
evidence)

New acute lung injury (ALI) and no other ALl risk factors present including
aspiration, multiple trauma, pneumonia, cardiopulmonary bypass, burn

injury, toxic inhalation, lung contusion, acute pancreatitis, drug overdose,
near drowning, shock and sepsis

® |f one or more ALl risk factors are present, possible TRALI should be
diagnosed

© 2005 Blackwell Publishing Ltd. Vox Sanguinis (2005) 89, 1-10

risk, namely the very young or old recipient, in whom fluid
infusion overwhelms the capacity of the left ventricle, result-
ing in pulmonary oedema. In contrast to patients with
pulmonary oedema secondary to heart failure, patients with
TRALI have normal central venous pressure and pulmonary
wedge pressure. Allergic and anaphylactic reactions produce
respiratory distress as a result of bronchospasm or laryngeal
oedema, manifested by tachypnea, wheezing and cyanosis,
and can occur after transfusion of very small volumes of
blood components. Bacterial contamination manifests as
fever, and hypotension and must be considered, especially in
patients who have received platelets.

The EHN working party on definitions of adverse trans-
fusion events has, for practical reasons, classified acute
pulmonary injury in a transfused patient, with respiratory
distress, as their leading symptom and without other condi-
tions or factors that might be the cause of dyspnoea, into
four categories: TRALI; TACO; allergic dyspnoea; and
transfusion-associated dyspnoea (TAD). TAD should be
diagnosed in a patient with acute respiratory distress, in
temporal association with transfusion and in whom TRALI,
TACO, allergic dyspnoea and transfusion-transmitted bac-
terial infections have been excluded [14].

Frequency

The exact incidence of TRALI is not known and different estim-
ates have been made for its two forms. Antibody-mediated
TRALI has been reported to be a relatively rare complication
of transfusion, occurring at a rate of 1 in 5000 transfused units
and in 1 of 625 patients transfused [3]. A recent study showed,
for non-immune TRALI, an overall frequency of 1 in 1120
cellular blood components, with one incidence per 453 trans-
fused platelet concentrates and one incidence per 4410 trans-
fused red blood cells [16]. As many transfusion clinicians are
not familiar with the syndrome, it is probable that TRALI is
underdiagnosed and under-reported. This is equally true for
mild cases of TRALI where mechanical ventilation is not
required, and for severe cases of TRALI where transfusion may
not be considered as possibly causative and which may be
regarded as ARDS. In addition, TRALI can be misdiagnosed as
TACO, as occurred in the French haemovigilance network [13].

Forms of TRALI

There is growing evidence that TRALI can be triggered by
two different factors: leucocyte antibodies; and non-immune
neutrophil priming substances.

Antibody-mediated (immune) TRALI

There is now little doubt that TRALI can be triggered by
leucocyte antibodies. Unlike other immunologically triggered
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transfusion reactions, the causative antibody in TRALI is
usually identified in the donor and rarely in the recipient’s
blood. In two large series of TRALI, where pulmonary in-
filtrates were apparent in chest radiographs, leucocyte anti-
bodies were detected in 61-89% of patients [3,17], and there
are numerous case reports published by a variety of dif-
ferent authors describing antibody-mediated TRALL In the
recent report of the Center for Biologics Evaluation and
Research (CBER) of the FDA, the majority of fatalities caused
by TRALI were associated with leucocyte antibodies [18].
As early as 1957, Brittingham reported that leucocyte
antibodies can induce post-transfusion pulmonary reactions
[19]. A healthy volunteer was administered plasma, from two
patients, that contained a weak leucoagglutinin: a mild res-
piratory reaction occurred after both infusions. Subsequently,
50 ml of whole blood from an alloimmunized patient with
hypoplastic anaemia, and a strong leucoagglutinin, were given
to the same volunteer who developed fever, hypotension,
leukopenia and a marked respiratory reaction with associated
marked bilateral pulmonary infiltrates on roentgenogram. A
similar reaction was seen after the injection of 10 ml of sterile
serum, from a patient with an even stronger leucoagglutinin,
into a leukaemic patient. Induction of acute dyspnoea in a
healthy individual after injection of a small volume of donor
plasma containing HNA-3a antibodies is also known to
the author of this review. Intravenous administration of an
experimental gamma golublin concentrate, prepared from
plasma containing leucocyte antibodies, to a healthy individ-
ual, resulted in severe pulmonary oedema [20]. McCullough
et al. demonstrated, in 1986, by the use of 'indium-labelled
granulocytes, that granulocyte antibodies can cause the pul-
monary sequestration of granulocytes [21], and Seeger et al.,
in 1990, reproduced TRALI in an ex vivo rabbit lung model
[22]. When the lung was perfused with plasma containing
anti-HNA-3a (5b), accompanied by HNA-3a-positive granu-
locytes and rabbit plasma as a source of complement, severe
pulmonary oedema occurred after a latent period of 3-6 h. If
HNA-3a-negative granulocytes were infused, or if complement
was not provided, the pulmonary reaction did not occur.
Transient hypocomplementaemia and neutropenia have been
reported in the course of TRALI reactions [19,23]. However,
complement activation is not usually thought to occur as a
result of granulocyte-antibody interaction, but may be
caused by the activated neutrophils. Bux et al. [24] recently
showed, in an ex vivo rat lung model, that HNA-2a antibodies
can induce lung oedema without the addition of complement
when HNA-2a-bearing neutrophils are added to the perfusate.
The leucocyte antibodies implicated in TRALI reactions are
directed against human neutrophil alloantigens (HNA) and
human leucocyte antigens (HLA) antigens, as well as against
other less well-defined antigens expressed on neutrophils
(Table 3). Description of the HNA antigens is beyond the
scope of this review and has recently been published in detail

Table 3 Leucocyte antigens implicated in transfusion-related acute lung
injury (TRALI)

Old designation Location Ref.
Human leucocyte antigens (HLA)
HLA class | (HLA-A2 1) [25,26]
HLA class Il [33]

Human neutrophil alloantigens (HNA)

HNA-1a NA1 Fey receptor Il1b [30]
HNA-1b NA2 CD16b [23]
HNA-2a NB1 NB1 GP/CD177 [31]
HNA-3a 5b ? [27]

[28,29]. Of the antibodies with known specificity, those
directed against the HNA-1a (NA1), HNA-1b (NA2), HNA-2a
(NB1), HNA-3a (5b) and HLA-A2 antigens have been reported
most frequently [11,23,27,30-32]. More recently, antibodies
to HLA class II antigens have been reported to be associated
with TRALI [33]. However, HLA class II antigens are not
expressed on resting neutrophils, and investigation of a case
of suspected HLA class Il antibody-mediated TRALI did
not demonstrate the presence of HLA class II antigens on
the surface of the patient’s neutrophils [34]. Although bind-
ing of HLA class II antibodies to monocytes, with subsequent
release of cytokines and activation of neutrophils, has been
suggested as a possible mechanism [35], TRALI caused by the
presence of HLA class I antibodies should be considered only
as ‘possible’ until there are further supporting experimental
data.

Most cases of TRALI are caused by donor antibodies, as the
patient’s antibodies can only react with the small number of
neutrophils present in the transfused blood components.
However, TRALI caused by antibodies in the recipient’s blood
occurred in 6% of cases in the study of Popovsky & Moore
[3], and has also been reported by others [27,31]. In these
cases, TRALI was mainly induced by the transfusion of whole
blood or of non-leucocyte-depleted red blood cells. An inter-
donor TRALI reaction (e.g. reaction of transfused antibodies
with transfused leucocytes present in a blood component from
a different donor) has also been described [11].

Blood components implicated in TRALI have included whole
blood, red cells, fresh-frozen plasma, whole blood-derived
platelet concentrates, apheresis platelet concentrates, cryo-
precipitate [36], granulocytes [37,38] and intravenous immune
globulin [39].

A frequent argument against antibody-mediated TRALI
is that in ‘look-back studies’ some transfused patients did
not develop TRALI even though their leucocytes should have
expressed the cognate antigens, as deduced from published
antigen frequencies. There are several possible explanations
for this, including:

© 2005 Blackwell Publishing Ltd. Vox Sanguinis (2005) 89, 1-10
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(1) The recipient’s zygosity for the antigen recognized by
the antibody remained unknown although it can influence
antibody-mediated neutrophil stimulation.

(2) Clinical condition of the transfused patient, which
predisposed to a greater or a lesser extent the development
of a symptomatic pulmonary transfusion reaction.

(3) Lack of clinicians’ awareness of TRALI, poor docu-
mentation, so that mild TRALI reactions were not diagnosed
and/or were not documented in the patient’s records.

(4) The known discrepancy between those transfusions
that are documented and those that are carried out, and the
lack of traceability of blood components.

(5) The low frequency of many HLA antigens.

Furthermore, HLA antibodies usually represent a mixture of
antibodies with different specificities and with different
abilities to induce neutrophil aggregation. It is well known
from proficiency testing that it is very difficult to identify all
HLA antibody specificities in a single serum sample and not
merely those that are prominent. As neutrophils express HLA
antigens in lower numbers than lymphocytes [40], which are
usually used for HLA antibody detection by cytotoxicity
assays, the identified prominent HLA antibody specificities
were not necessarily those responsible for TRALI triggering.

Non-immune TRALI

In 11-39% of TRALI incidents, no leucocyte antibodies have
been identified in either the patient or the donor [3,17]. This
might be explained by incomplete antibody detection (see the
section, below, on ‘Diagnosis and laboratory investigation’)
or by the lack of awareness of TRALI. On the other hand,
the working group of Silliman, Boshkov and Ambruso has
published a number of study results indicating that, in pre-
disposed patients, TRALI might be triggered by substances
other than leucocyte antibodies [16,41]. They observed that
stored platelet concentrates and red blood cells, at the time of
outdate, contained a ‘priming agent’ that enhanced neutrophil
NADPH oxidase activity in response to a soluble stimulus,
formyl-Met-Leu-Phe [41]. After characterizing the neutrophil
priming activity as lipids, especially lysophosphatidylocho-
lines, Silliman et al. suggested that the infusion of biologic-
ally active lipids might be responsible for the occurrence of
non-immune TRALI [41,42]. This priming activity was not
present in fresh cellular blood components or in acellular
plasma. Silliman et al. demonstrated a significantly higher
level of neutrophil-priming activity in post-transfusion
samples from patients who had TRALI reactions compared
with their pretransfusion samples, and with pre- and post-
transfusion samples from control patients with febrile or
urticarial transfusion reactions [43].

The possible pathogenic significance of the neutrophil
priming activity was demonstrated in a two-event animal
model [44]. Rats were pretreated with endotoxin to simulate

© 2005 Blackwell Publishing Ltd. Vox Sanguinis (2005) 89, 1-10

pre-existing sepsis. Their lungs were subsequently isolated
and perfused, ex vivo, with saline, 5% fresh plasma, plasma
from stored packed red blood cells (pRBC) from the day of
collection (day 0) or from the day of outdate (day 42), and
lipid extracts from day 42 plasma or purified lysophosphati-
dylcholines. Acute injury was not triggered in lungs perfused
with saline, fresh plasma or plasma from day O pRBCs. Con-
versely, it was triggered in lungs perfused with day 42 plasma
from pRBCs, lipid extract from day 42 plasma or lysophos-
phatidylocholines. Plasma from platelet concentrates, isolated
on days O and 5 of storage and heat-treated before use,
produced similar results [45].

In contrast to leucocyte antibodies, which can induce TRALI
even in healthy individuals, the occurrence of non-immune
TRALI requires a predisposing clinical condition in the patient,
promoting the development of TRALI after the transfusion of
cellular blood components containing neutrophil-priming
factors (‘two-hit model’) [16]. In a recent large study of 90
non-immune TRALI reactions in 81 patients, those with hae-
matological malignancies and cardiac disease were identified
as patients at risk for non-immune TRALI [16]. With only one
exception, all TRALI reactions were secondary to the trans-
fusion of platelets and red cells. Mechanical ventilation was
required in 3% of the patients and, in a single patient, TRALI
precipitated death [16]. These numbers are lower than the
ventilation and mortality rates of 72% and 6%, respectively,
reported by Popovsky et al. for mainly antibody-mediated
TRALL In view of these findings, together with the large
number of reports in the literature of mechanically ventilated
patients with immune TRALI, and the frequent detection of
leucocyte antibodies in fatal incidents of TRALI reported to
the CBER of the FDA [18], it appears that leucocyte antibodies
cause more severe TRALI reactions, whereas a mild reaction
is characteristic of non-immune TRALL The different inci-
dences of 1 : 5000 and of 1 : 1120 per unit transfused (esti-
mated for immune and non-immune TRALI, respectively) are
in accordance with this opinion [3,16].

Characteristics of immune and non-immune TRALI are
summarized in Table 4.

Pathogenesis

In both immune and non-immune TRALI the neutrophil
granulocyte is postulated as the effector cell. To understand
the pathogenesis of TRALI, we must first consider lung transit
of neutrophils under physiological conditions (Fig. 2). The
pulmonary capillary network is geometrically complex, dis-
tensible and a vastly interconnected structure, containing a
high concentration of neutrophils (= 28% of the blood gran-
ulocyte pool is located in the pulmonary circulation [46]),
which are available on demand for host defence. In passing
from arteriole to venule, a typical blood cell encounters
40-100 segments [47]. In contrast to red blood cells, which
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Table 4 Characteristics of immune and non-immune transfusion-related acute lung injury (TRALI)

Non-immune TRALI

Immune TRALI
Trigger Leucocyte antibodies
Main blood components implicated Fresh-frozen plasma > platelet concentrates
Occurrence Can even occur in healthy individuals

Clinical course

(70% mechanical ventilation)

Severe, often life-threatening, TRALI

Biologically active lipids

Stored platelet concentrates > stored red blood cells
Occurs predominantly in critically ill patients

Mild TRALI

(oxygen support is usually sufficient)

physiological ': o%e
conditions
leucocyte
. antibodies
TRALI owing to
granulocyte
agglutinins
TRALI in lipids —
apn . or Se
crlt'lcally ill leucocyte w
patients antibodies

(non-agglutinating)

s lung
e .-\/.’ s2e .
apaa» ™"
endothelial cells
elastase
H2°2 02_

o
TNF  S_."_chemokines

Fig. 2 Neutrophil lung transit through lung capillaries under physiological conditions and in transfusion-related acute lung injury (TRALI). The average capillary
diameter is similar to, or smaller than, the average size of a neutrophil. Therefore, after blood transfusion, antibody-mediated neutrophil agglutinates/
aggregates become trapped in the first microvasculature, the lung capillary bed. Severe pulmonary transfusion reactions in patients and in healthy individuals
are often caused by leucocyte antibodies that are able to agglutinate/aggregate neutrophils. In critically ill patients, in whom the endothelium of the lung
capillaries and/or the patient neutrophils are preactivated by the underlying disease, neutrophil priming by biologically active lipids, or antibody-antigen

interaction without aggregation, are sufficient to trigger transfusion-related acute lung injury (TRALI). The neutrophils stimulated by leucocyte antibodies or

biologically active lipids release reactive oxygen radicals and toxic enzymes that damage the endothelial cells of the lung capillaries; this is followed by increased
vascular permeability and exudation of fluid and protein into the alveoli, resulting in pulmonary oedema. TNF, tumour necrosis factor.

can easily change their shape and generally traverse the lung
within a few seconds, the neutrophils travel in ‘hops’, with
pauses, followed by rapid travel [47,48]. Because the average
size of a neutrophil is similar to, or larger than, the average
capillary diameter, it will often encounter a capillary segment
that requires it to pause and change shape before passing
through. This deformation time probably accounts for the longer
transit times of neutrophils (mean 26 s, range 2 s—20 min)
[48] so that neutrophil lung passage is mainly affected by
their deformation time [48].

In view of the above, it is easy to imagine that granulocyte
agglutinates (aggregates), induced by leucocyte antibodies in
the transfused blood components (Fig. 3), become trapped in
the first microvasculature they encounter following trans-
fusion, namely the lung capillary bed. In fact, the most severe

TRALI reactions were reported to be caused by leucocyte
[i.e. granulocyte (neutrophil)] agglutinins. We now know that
most of the leucocyte antibodies of the immunoglobulin G
(IgG) class cause active neutrophil aggregation and do not
agglutinate neutrophils passively.

Neutrophils stimulated by leucocyte antibodies or by bio-
logically active lipids release reactive oxygen radicals and
toxic enzymes that damage the endothelial cells of the lung
capillaries. This is followed by increased vascular permeabil-
ity and the exudation of fluid and protein into the alveoli,
resulting in pulmonary oedema. Increased vascular permeab-
ility, attributed to leucoagglutinins in transfused, whole blood,
has been demonstrated in a patient with TRALI. Shortly after
the onset of the TRALI reaction, a contrast agent was injected
into the main pulmonary artery. The late arterial and venous

© 2005 Blackwell Publishing Ltd. Vox Sanguinis (2005) 89, 1-10
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W
Fig. 3 Granulocyte antibody-induced neutrophil agglutination/
aggregation. Leucocyte antibody [anti-HNA-3a (5b)]-induced granulocyte
agglutinates in a well of a microtest plate read on an inverted phase
microscope (X100 magnification). The ability of leucocyte antibodies to

cause granulocyte agglutination, i.e. to be a granulocyte agglutinin, can
easily be determined in the granulocyte agglutination assay. The presence
of granulocyte (leucocyte) agglutinins in donor blood has frequently been
described in reports of severe transfusion-related acute lung injury
(TRALI) reactions.

phases showed extravasation of the contrast agent into alveoli,
in the presence of a normal wedge pressure, at the time of
angiographic studies [49]. In another patient who died of immune
TRALI within 2 h of the onset of symptoms, massive pulmo-
nary oedema with prominent granulocyte aggregation within
the pulmonary capillaries and amorphous proteinacous mate-
rial within the adjacent alveolar spaces were reported at autopsy,
which was performed 8 h after death [50]. Electron micro-
scopy revealed capillary endothelial damage with activated
granulocytes in contact with the alveolar basement membranes.

In critically ill patients, in whom the endothelium of the
lung capillaries and/or the neutrophils are preactivated by
the underlying disease, the binding of lipids, or an antibody-
antigen interaction without aggregation, may be sufficient
to trigger TRALI Like non-immune TRALI, the triggering of
mild TRALI is possibly also caused by neutrophil priming, but
not by aggregating leucocyte antibodies.

There is an interesting report of TRALI in a patient with a
single lung transplant, in whom, 10 weeks after transplanta-
tion, a transfused HLA-B44 antibody caused injury in the
HLA-B44 expressing transplanted lung, but not in the patient’s
own, HLA-B44-negative, lung, as demonstrated by a total
whiteout of the transplanted, but clear, native lung. This case
report indicates that transfused HLA antibodies, which are
not absorbed by recipient leucocytes and platelets, can also
induce TRALI if they hit upon susceptible endothelial cells of
the lung capillaries [51].

© 2005 Blackwell Publishing Ltd. Vox Sanguinis (2005) 89, 1-10

Diagnosis and laboratory investigation

The diagnosis of TRALI is based primarily upon the clinical
criteria listed in Table 2. It is important to determine that the
pulmonary oedema is not caused by myocardial or valvular
heart disease (i.e. cardiogenic), or by overhydration second-
ary to excess intake and/or inadequate output of fluid.

Laboratory investigation enables a diagnosis of immune
TRALI by antibody detection and the prevention of further
TRALI reactions by identification of the implicated donor and
exclusion of their donated plasma-containing blood com-
ponents. First, the recipient and the donors of fresh-frozen
plasma and platelet concentrates transfused within the 6 h
prior to the reaction should be identified, following which the
female parous donors of all transfused components should be
tested for leucocyte (i.e. HLA and granulocyte) antibodies.
The antibody-screening tests should, as a minimum, include
lymphocytotoxicity, granulocyte immunofluorescence and
granulocyte agglutination using panels of typed granulocytes
and lymphocytes. Tests should be performed in an experi-
enced reference laboratory that participates regularly and
successfully in national and international proficiency testing
programmes. Appropriate conjugate should be used in
immunofluorescence, in order to detect granulocyte-specific
antibodies restricted to the immunoglobulin M (IgM) class.
HNA-3a antibodies are often better detected by agglutination
than by immunofluorescence [52]. For HLA antibody screen-
ing, antibody binding tests, such as enzyme immunoassays,
flow cytometry or lymphocyte immunofluorescence, are pre-
ferred if possible, as they allow the detection of non-cytotoxic
HLA antibodies that are otherwise missed. As HLA anti-
bodies usually appear as mixtures of different specificities,
making determination of all recognized antigens difficult,
and because a number of granulocyte antigens are still
unknown, a leucocyte crossmatch between donor serum
and recipient leucocytes should be performed, whenever
possible. A positive crossmatch confirms the diagnosis of
immune TRALL If the crossmatch is negative, non-immune
TRALI may still be presumed in the appropriate clinical
setting.

As TRALI reactions caused by leucocyte antibodies in the
recipient have been described in incompatible granulocyte
transfusions, the presence of leucocyte antibodies in the
recipient should be excluded before transfusion, or compat-
ibility should be checked in a leucocyte crossmatch.

Treatment

Respiratory support should be as intensive as dictated by
the clinical picture. Oxygen support is usually necessary (for
example, in mild TRALI), and if hypoxaemia is severe, intu-
bation and mechanical ventilation are important interven-
tions (for example, in severe TRALI). If a recently transfused
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patient complains of dyspnoea, careful surveillance is neces-
sary if appropriate ventilatory support is to be given early. In
a series of 36 patients with TRALI [3], all patients required
oxygen support. Mechanical ventilation was required by 26
(720%0) patients. Pressure agents may be useful in cases of
sustained hypotension. The efficacy of corticosteroids is un-
proven, and the use of diuretics remains controversial. As the
underlying pathology involves microvascular injury, rather
than fluid overload, some patients benefit from fluid adminis-
tration, whilst hasty and / or uncontrolled use of diuretics can
be detrimental [3,10].

Prevention

The donor of the implicated blood component in antibody-
mediated TRALI is usually a multiparous woman [3]. This is
primarily explained by antibody formation in female donors
as the result of exposure to paternal leucocyte antigens from
the fetus during pregnancy. HLA or lymphocytotoxic anti-
bodies are present in the blood of 17 -400% of parous women,
granulocyte-reactive antibodies in 1-20%, and granulocyte-
specific antibodies in 0-1-1% [53-55]. The percentage increases
with increasing number of pregnancies. Payne demonstrated
that 55% of women tested still possessed leucoagglutinins
3 years after initial testing and up to 8 years after the last
potential exposure (pregnancy) [56]. The clinical significance
of plasma from multiparous donors has recently been shown
by Palfi et al. [57]. In a prospective, randomized controlled
trial, 100 intensive care patients, judged to need at least
2 units of plasma, were randomly assigned to receive a unit
of control plasma and, 4 h later, a plasma unit from a multi-
parous donor (e.g. three or more live births), or to receive
the plasma units in reverse order. Transfusion of plasma from
multiparous donors was associated with significantly lower
oxygen saturation and higher tumour necrosis factor-o
(TNF-0)) concentrations than transfusion of control plasma.
One patient presented typical signs of TRALI immediately
after transfusion of the first plasma unit, which was from a
multiparous donor who had formed granulocyte-specific
antibodies.

The simple exclusion of multiparous donors would not be
reasonable, because it would substantially reduce the donor
pool [58]. The use of pooled solvent/detergent-treated plasma,
or only male donor plasma, minimizes the TRALI risk of fresh-
frozen plasma but does not solve the TRALI risk of cellular
blood components. Screening of female donors, 6 months
after the last pregnancy, for antibodies binding to neutrophils
in immunofluorescence and agglutination tests using small
panels of test cells covering the HNA-1a, HNA-2a, HNA-3a
and HLA-A2 antigens, would result in the identification
of most of the clinically relevant leucocyte antibodies. More
sensitive techniques and panels, including low-frequency
HLA antigens for HLA antibody screening, might result in the

frequent detection of clinically irrelevant HLA antibodies.
Fresh-frozen plasma and platelet concentrates from female
donors with detectable granulocyte-reactive antibodies should
not be transfused, whereas red blood cells resuspended in
additive solution following the extensive removal of plasma
may be considered acceptable. The latter approach will result
in a reduced exclusion of blood donors whilst preventing
severe antibody-mediated TRALI reactions.

The increasing use of leucocyte-depleted cellular blood
products will reduce the incidence of TRALI caused by leuco-
cyte antibodies in the recipient and possibly also non-immune
TRALI reactions.

For non-immune TRALI, Silliman et al. have suggested
careful selection of blood components for transfusion of
those patients at risk, including the use of washed or fresh
components [16]. However, such an approach raises many
questions that must be answered before considering imple-
mentation. As the pathophysiology suggested by Silliman
et al. for non-immune TRALI remains to be confirmed by
other investigators, and because the clinical course of
non-immune TRALI is usually benign, recommendations
for preventive measures are difficult to make at present,
especially in view of their potentially adverse consequences.

Conclusions

By virtue of its morbidity and mortality, TRALI has become
one of the most serious complications of transfusion today.
Although our knowledge about clinical presentation and
pathophysiology has significantly improved since its first
description 50 years ago, many questions remain unanswered.
Carefully documented cases reports are required, and close co-
operation between blood services and haemovigilance net-
works on both national and international levels is necessary to
answer the open questions and to establish preventive measures.
TRALI has become too important to be ignored any longer.
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