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Transfusion-Related Acute Lung Injury
OGNJEN GAJIC, MD, MSC, AND S. BREANNDAN MOORE, MD, FRCPI
Transfusion-related acute lung injury (TRALI) is characterized by
the sudden development of noncardiogenic pulmonary edema
(acute lung injury) after transfusion of blood products. Poor awareness of TRALI outside of the blood transfusion medicine community
has led to a serious underestimation of this condition, currently the
most important severe complication of blood transfusion. Concern
for the transfer of donor antileukocyte antibodies has prompted
major changes in the management of the blood supply in some
countries; however, recent studies have suggested alternative
pathophysiological mechanisms for TRALI related to the shelf life of
cellular blood products. Although all blood products have been
implicated, most reported cases were associated with fresh frozen
plasma, red blood cell, and platelet transfusions. Because many
patients have additional predisposing factors for acute lung injury,
carefully designed prospective studies are needed to fully assess
attributable risk related to transfusion. The treatment of TRALI is
supportive, and the prognosis is generally better than for other
causes of acute lung injury. As many as one third of all patients who
develop acute lung injury have been exposed to blood products.
TRALI may be an important and potentially preventable cause of
acute lung injury.
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AECC = American-European Consensus Conference; FFP = fresh frozen
plasma; IL = interleukin; RBC = red blood cell; TNF = tumor necrosis
factor; TRALI = transfusion-related acute lung injury

W

ith the substantial decrease in the transmission of
viral pathogens by blood transfusions during the
past decade, transfusion-related acute lung injury (TRALI)
has emerged as the most common serious complication of
blood transfusion. A lack of awareness of TRALI outside
of the transfusion medicine community has led to serious
underestimation of this important complication. In some
countries, concern for the transfer of donor antileukocyte
antibodies has prompted major changes in blood supply
management, such as exclusion of women donors in the
production of fresh frozen plasma (FFP) in the United Kingdom. Recent studies have suggested alternative pathophysiological mechanisms for TRALI related to the shelf life of
cellular blood products. However, for the past 2 decades,
most articles about this subject have been published almost
exclusively in transfusion medicine subspecialty journals,
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contributing to a limited awareness of TRALI among general internists and critical care practitioners.
We searched the National Library of Medicine PubMed
database (www.pubmed.gov) from 1980 onward using the
following search strategy: blood transfusion AND (acute
lung injury OR adult respiratory distress syndrome OR pulmonary edema). Cohort and case-control studies, case series, case reports, animal models, and review articles were
screened for relevant data regarding epidemiology, pathogenesis, diagnosis, treatment, and prevention of TRALI.
Also, we looked up the references of selected articles and
consulted experts for additional published or unpublished
reports.
The objectives of this review are as follows: (1) to review
existing data regarding the incidence, clinical presentation,
and outcome of TRALI; (2) to review the latest evidence
regarding the 2 leading hypotheses for TRALI pathogenesis:
(a) antibody-mediated lung injury associated with passive
transfer of donor antileukocyte antibodies and (b) neutrophil-priming activity of biologically active lipid molecules
accumulated during storage of cellular blood products; and
(3) to propose a hypothesis that TRALI, similar to ventilator-associated lung injury, may be an important and frequently neglected cause of iatrogenic acute lung injury.
EPIDEMIOLOGY
Since the publication of our first case series 20 years ago,1
TRALI has emerged as one of the most common serious
complications of blood transfusion.2-5 With the reduction
of clerical errors and with more effective screening and
prevention of the transmission of infectious agents, TRALI
has surpassed hemolytic reactions as the leading cause of
transfusion-related mortality in developed countries.3,6
Published incidence of TRALI ranged from 0.02% to
0.05% per blood product unit transfused and from 0.08% to
0.16% per patient who received a transfusion.1,7-10 In contrast, the incidence of infectious complications varied from
1 in 20,000 blood product units for hepatitis B virus11 to 1
in 2 million blood product units for human immunodeficiency virus and hepatitis C virus.12 Although all plasmacontaining blood products have been implicated, use of
FFP, red blood cells (RBCs), and pooled platelets from
several donors seems to have a particularly high risk.1,8,13-15
Rarely, cryoprecipitate, intravenous immunoglobulin, and
stem cell preparations have been implicated.16-18 In our
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original case series,1 31 of 36 patients received blood transfusion products in the perioperative period. In most cases,
RBC and FFP transfusions were implicated, with antileukocyte antibodies present in 89% of the donor blood
products.1 In a recent retrospective review of 58 TRALI
fatalities during a 5-year period, cardiopulmonary and hematologic disorders were the most common underlying diagnoses.19 The most common associated blood product was
FFP, implicated in 50% of cases.19 In contrast, Silliman et al8
found that FFP was implicated in only 1 of 90 cases of
TRALI during a 4-year period.
Because of a relative lack of awareness, TRALI almost
certainly is underdiagnosed and underreported.3,14,20,21 A
recent “look-back study,” requested by the US Food and
Drug Administration in response to a fatal TRALI reaction,
revealed that 8 additional patients had developed severe
acute lung injury after receiving blood donated by the same
multiparous donor.14 Interestingly, TRALI was considered
in the differential diagnosis in only 2 of the 8 patients at the
time of disease onset. Moreover, in a randomized clinical
trial of critically ill patients, a restrictive transfusion threshold (hemoglobin at 7 g/dL vs traditional 10 g/dL) was associated with a decreased incidence of acute lung injury
(7.7% vs 11.4%), suggesting that some episodes of acute
lung injury may have been TRALI reactions.22,23
As many as one third of the 150,000 patients who develop acute lung injury in the United States each year are
exposed to multiple blood products near the time of disease
onset.24,25 It is unknown whether this association is causal
or merely reflects the severity of the underlying illnesses. It
is possible and even probable that current cases of TRALI
reported to blood banks represent the “tip of the iceberg”
and that transfusion factors play a mechanistic role in many
more cases of acute lung injury than previously believed.
Although several studies reported the association between
blood transfusions and the development of acute lung injury in critically ill patients,22,24,26,27 until recently the practice of transfusion usually was not characterized in terms of
the amount, type, and shelf age of blood products. In a
retrospectively studied cohort of patients receiving mechanical ventilation, transfusion of blood products and ventilator settings were identified as major risk factors for the
subsequent development of acute lung injury, regardless of
underlying severity of illness.27 To further characterize the
specific factors associated with blood transfusion as risk
factors for acute lung injury, we evaluated a subgroup of
181 critically ill patients who had received blood transfusion within 48 hours of receiving mechanical ventilation.
One third of patients in the subgroup developed acute lung
injury within 24 hours of receiving transfusion. Underlying
thrombocytopenia and transfusion of FFP but not shelf age
of stored RBCs or total number of transfusions were assoMayo Clin Proc.
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ciated significantly with the development of acute lung
injury in this patient population.15 Our observations confirmed that critically ill patients have a high incidence of
acute lung injury temporally related to the transfusion of
blood products.24
ETIOLOGY AND PATHOGENESIS
The exact etiology of TRALI is unknown, but 2 distinct
mechanisms have been suggested. The traditional theory
proposes an antibody-mediated reaction between recipient granulocytes and antigranulocyte antibodies from donors who were sensitized during pregnancy (multiparous
women) or by previous transfusion.2,14,28,29 In the original
case series at our institution, antileukocyte antibodies were
present in 89% of implicated donor products.1 The antibody-mediated increase in pulmonary capillary permeability was reproduced in an ex vivo animal lung model of
TRALI.29 Although most TRALI cases were associated
with the presence of antileukocyte antibodies in the donor
product, a few reports implicated the reaction between the
recipient antileukocyte antibodies and donor leukocytes or
interdonor incompatibility30,31; these 2 reactions are unlikely to play an important role in the future, given the rapid
movement toward universal leukoreduction.
Recently, an alternative mechanism was suggested, implicating proinflammatory molecules, predominantly lipid
products of cell degradation, known to accumulate during
storage of cellular blood product.8,32-34 This hypothesis was
tested in a lipopolysaccharide-primed perfused lung model
in which the infusion of biologically active mediators from
stored blood resulted in the development of permeability
pulmonary edema.32
Of note, the 2 hypotheses of TRALI pathogenesis (Figure 1) are not mutually exclusive and even may act synergistically with underlying patient factors to produce acute
lung injury. In either theoretical model, an initial “priming”
event (first hit) such as sepsis- or trauma-induced endothelial activation usually is required.1,13,29,30,35
In the largest clinical series to date, Silliman et al8
described 90 patients with TRALI treated at the transfusion
medicine service at the University of Alberta Hospitals over
a 4-year period. Compared with 225 randomly selected
controls who received transfusions during the same period,
patients with TRALI were more likely to have underlying
cardiac disease or hematologic malignancy. The authors
evaluated the presence of HLA class I and antigranulocyte
antibodies in the donor blood of 28 patients with TRALI and
5 controls and found no significant difference. They
described an elevated “neutrophil-priming” activity in the
donor blood of patients with TRALI, which increased with
the duration of platelet storage. Anti-HLA class II anti-
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FIGURE 1. Pathogenesis of transfusion-related acute lung injury. The presence of antileukocyte antibodies and/or biologically active lipids from cell membrane fragments in donor blood triggers an inflammatory response, granulocyte activation, and degranulation and injury to the alveolar-capillary membrane.
Activated macrophages secrete inflammatory cytokines that further perpetuate the inflammatory reaction. C = complement; HLA = human leukocyte antigen; IL = interleukin; LPS = lysophosphatidil choline;
PAF = platelet activating factor; TNF = tumor necrosis factor; 5b, NA, NB = neutrophil antigens.

bodies, interleukin (IL) 6, and IL-8 were measured in
patients with TRALI but not in controls. In contrast to
previous reports,1,9,13-15 FFP was implicated in only 1 of 90
TRALI reactions. Moreover, donor antileukocyte antibodies
were found in less than 25% of patients compared with 89%
in the original series at our institution.1 Differences in rates
of TRALI after FFP transfusion are poorly understood and
are likely related to different diagnostic criteria (clinical vs
laboratory), varying antibody prevalence in the donor
population, and variability in use of FFP in different patient
populations.
The duration of blood storage as a risk factor for adverse
outcome has been assessed in several human studies with
controversial results.15,31,36-39 Regarding pulmonary complications, an association has been reported between the
age of the oldest blood and the development of pneumonia
in patients who underwent cardiac surgery.39 Despite large
variability in the duration of RBC storage, in a retrospective cohort of patients receiving mechanical ventilation we found no significant associations between the
storage age of RBC transfusions and the development of
acute lung injury, onset of pneumonia, or overall outcome.15 The effect of platelet storage has been difficult to
768
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assess, primarily because of the short “shelf life” of platelets;
most units are transfused near the end of a brief (5-day)
storage period.8,15 However, inflammatory cytokines are
known to accumulate during both platelet (IL-6, tumor
necrosis factor [TNF] α, IL-8) and RBC storage (IL-8, TNFα).8,40,41 These same molecules (IL-6, TNF-α, IL-8) have
been implicated in the initiation and perpetuation of the
inflammatory response in acute lung injury of any etiology.42,43 Prestorage leukoreduction has been successful in
reducing febrile reactions caused by proinflammatory cytokines, but whether it prevents TRALI is unknown.43 Neither
leukoreduction nor shorter storage would influence passive
transfer of donor antileukocyte antibodies.
The association between exposure to antileukocyte antibodies and TRALI reactions described in our original case
series1 was strengthened recently. In a small randomized
trial, blood transfusion from only multiparous women
donors produced impaired pulmonary gas exchange, increased plasma concentrations of inflammatory cytokines
(TNF-α), and led to one severe and several mild TRALIlike reactions.28
Because no previous TRALI study has used a standardized definition of acute lung
injury, interpretin
g results
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across different studies is difficult. Making a distinction
between acute lung injury and related conditions such as
hydrostatic pulmonary edema (fluid overload and cardiac
failure) and lung infection is difficult because of the low
specificity of diagnostic criteria.44-46 Furthermore, infection,
pulmonary venous hypertension, and immune-mediated
impairments in pulmonary vascular barrier function are not
mutually exclusive. Application of the American-European
Consensus Conference (AECC) definition44 has substantially improved the validity of clinical studies of acute
lung injury.47 Recent inclusion of AECC criteria in the
TRALI definition will help standardize future clinical
studies.48
CLINICAL FEATURES
Symptoms of TRALI appear usually within 2 to 6 hours
from initiation of transfusion, but cases of presumed
TRALI have been described up to 48 hours after transfusion.5,49 Signs and symptoms of TRALI include dyspnea,
tachypnea, frothy sputum, fever, hypotension, or, much
more rarely, hypertension.48 Although application of the
AECC definition44 can help differentiate noncardiogenic
from cardiogenic pulmonary edema and fluid overload,
distinguishing TRALI solely on clinical grounds from
other causes of acute lung injury such as sepsis, trauma,
aspiration, disseminated intravascular coagulation, or ventilator-associated lung injury is almost impossible. Laboratory findings for TRALI are inconsistent and include acute
transient neutropenia,50 the presence of matching leukocyte
antigen-antibody in the donor and recipient, donor antibody that activates recipient monocytes,51 and increased
neutrophil-priming activity in transfused blood.8 In patients
with an endotracheal tube in place, high protein concentration found in edema fluid sampled within the first hour of
intubation may help differentiate TRALI from fluid overload and cardiogenic pulmonary edema.52
There is no single test for TRALI; thus, diagnosis is
problematic and requires a high index of clinical suspicion.
Unfortunately, most cases remain unnoticed or misdiagnosed as fluid overload or acute lung injury of other etiology.2,14,21 In the previously mentioned look-back study,14
TRALI was considered in the differential diagnosis in only
2 of 8 patients at the time of disease onset.
TRALI is believed to have a better short-term prognosis
than other causes of acute lung injury; less than 70% of
patients with TRALI require mechanical ventilation, and
hospital mortality is 5% to 15%.1,4,8,9 Most patients recover
within 24 to 48 hours with supportive care. Although less
clinically severe than some other causes of acute lung
injury, TRALI is costly because patients need intensive
care treatment for 2 to 7 days.4,7
Mayo Clin Proc.
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TREATMENT AND PREVENTION
Management of TRALI is supportive, as it is for any patient
with permeability pulmonary edema, and often includes
ventilatory support. Lung protective (low tidal volume)
ventilatory strategies should be used. Unless there is concomitant fluid overload, diuretics are unlikely to be beneficial and even may be clinically contraindicated.48 Suspected TRALI reactions should be reported to the blood
bank, and a transfusion reaction work-up should be initiated. In addition to acquiring a posttransfusion blood specimen from the patient, bags from units of blood transfused
in the last 6 hours should be returned to the blood bank if
possible so that residual donor plasma can be tested without necessitating a time-consuming recall of blood donors.48 Medical records should be reviewed to determine
the sequence and timing of transfused units in relation to
the clinical manifestations of the disease.48
Of note, as many as 25% of multiparous women have
circulating antileukocyte antibodies, which also are found
in approximately 5% of all plasma-containing blood
products.53 However, most recipients of these transfusion
products do not develop TRALI.4,28 Currently in North
America, neither routine exclusion of women donors in the
production of FFP, as recently proposed in the United
Kingdom,54 nor changes in duration of storage are recommended.4,5 Considering the shortage of blood products,
the public health implications are obvious if the efficacy of
either of these practices is confirmed in a rigorous epidemiological study.5 Such a study should aim to answer the
following fundamental questions:
What is the incidence of clinically defined TRALI in a
rigorously conducted prospective clinical study?
Are antileukocyte antibodies, inflammatory cytokines,
or biologically active lipids more likely to be present in the
donor blood of patients with clinically defined TRALI
compared with control patients matched for age, severity of
illness, and number of blood transfusions?
What are the most important underlying risk factors
(first hit) that increase the probability of TRALI, and what
patient population would thus likely benefit from clinical
trials of specific interventions, such as washing of cellular
products, pretransfusion antibody testing, or avoidance of a
specific donor product?
What are the short-term and long-term outcomes of
TRALI?
CONCLUSION
Transfusion is a relatively common and important risk
factor for acute lung injury. Cases of TRALI reported to
blood banks may represent just the tip of the iceberg, and
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transfusion may play a mechanistic role in many more
cases of acute lung injury than currently realized. To the
extent that acute lung injury is related to transfusion
factors, it may be a preventable disease.
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