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Transfusion-Related Acute Lung Injury With Fatal Outcome

Trine Korsholm®®, Lone Winther Lietzen®

Abstract

Transfusion-related acute lung injury (TRALI) is a life-threatening
complication of blood transfusion and has emerged as a leading
cause of transfusion-associated morbidity and mortality. Prospec-
tive data of patients in the intensive care units have documented a
significantly higher incidence of TRALI than previously reported.
TRALI is likely to be under diagnosed due to a lack of awareness
and understanding of this clinical entity, and because of the clini-
cal presentation mirroring acute respiratory distress syndrome with
its various potential aetiologies. We present a case of fatal TRALI
in a 61-year-old man, who exhibited acute onset of respiratory
distress postoperatively in association with transfusion of fresh
frozen plasma (FFP) containing human leukocyte antigen (HLA)
antibodies reactive with patient HLA. The patient had just been
pneumonectomied. Risk factors of the blood component as well
as patient specific risk factors determining the risk of TRALI are
discussed. There is a need to increase the awareness and reporting
of this diagnosis, in part to promptly institute the appropriate treat-
ment and in part to identify and defer donors implicated in TRALI.
Furthermore, awareness of this type of complication to transfusion
of blood products could increase rational use of blood products,
including minimising the use of FFP as volume therapy.
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Introduction

Transfusion-related acute lung injury (TRALI) is a leading
cause of transfusion-associated mortality. The link between
symptoms of acute lung injury (ALI), transfusion and leu-

Manuscript accepted for publication August 2, 2012

*Department of Clinical Immunology, Aarhus University Hospital,
Skejby, Denmark

®Corresponding author: Trine Korsholm, Department of Clinical
Immunology, Aarhus University Hospital, Skejby, Brendstrupgaardsvej
100, 8200 Aarhus N, Denmark. Email: trinkors@rm.dk

doi: http://dx.doi.org/10.4021/jh38e

koagglutinins was first reported by Brittingham in 1957 [1],
and in 1983 the term TRALI was introduced [2]. The April
2004 Canadian Consensus Conference proposed diagnostic
criteria of TRALI, which are summarised in Figure 1 [3].
These are based primarily on clinical and radiographic find-
ings. Signs and symptoms include acute onset of respiratory
distress, hypoxemia, frothy pulmonary secretions, hypoten-
sion (less commonly hypertension), fever, tachycardia and
occasional cyanosis [1, 2]. Radiographic examination of the
chest shows bilateral fluffy infiltrates or complete ‘whiteout’
of the entire lung fields [1, 4]. Unless there is an underly-
ing cardiac condition or concomitant fluid overload, there is
no evidence of circulatory overload with absence of jugular
venous distension or a cardiac gallop, and central venous
pressure as well as pulmonary capillary wedge pressure are
normal [1]. All blood components have been implicated in
TRALI; however, plasma-rich blood components are most
commonly implicated with fresh frozen plasma (FFP) and
apheresis platelets having caused the largest number of re-
ported cases [5].

The exact pathophysiological mechanism(s) for TRALI
are not yet fully understood, however, there is strong clini-
cal and experimental evidence of an antibody-mediated
mechanism in which passive transfer of white blood cell
(WBC) antibodies with a transfusion of plasma-containing
blood components results in binding to recipient neutrophils.
Neutrophils are activated and sequestered in lung capillar-
ies where complement activation and release of neutrophil
bioactive products causes endothelial damage, capillary leak
and ALI [1]. WBC antibodies are directed against human
leukocyte antigens (HLA) or human neutrophil antigens
(HNA). These alloantibodies arise in individuals lacking the
antigens on their own cells, who are exposed to cells contain-
ing the antigen. The most frequent situation for this to occur
is during pregnancy, where the mother is exposed to foetal
cells expressing the alloantigen inherited from the father.
Donor and patient HLA and/or HNA incompatibility is not
part of the criteria (Fig. 1), but evidence of HLA/HNA in-
compatibility strongly supports the diagnosis. An alternative
‘two-event model” has been postulated and well documented
by Silliman et al [6]. The clinical condition of the patient,
including inflammation, surgery and infection as the first
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Recommended criteria for TRALI and possible TRALI

1. TRALI criteria
a. ALl
l. Acute onset
Il. Hypoxemia
Research Setting:
Pa0:/FiO: < 300,

Nonresearch setting:
Pa0:/FiO: < 300,

2. Possible TRALI
a. ALl

or Sp0: < 90% on room air

or Sp02< 90% on room air,
or other clinical evidence of hypoxemia
lll. Bilateral infiltrates on frontal chest radiograph
IV. No evidence of left atrial hypertension (circulatory overload)
b. No preexisting ALI before transfusion
C. During or within 6 hrs of transfusion
d. No temporal relationship to an alternative risk factor for ALI

b. No preexisting ALI before transfusion
C. During or within 6 hrs of transfusion
d. A clear temporal relationsship to an alternative risk factor for ALI

Figure 1. Proposed diagnostic criteria of TRALI. Adapted with permission from Kleinman et al [3]

‘event’ cause priming of the neutrophils. The second ‘event’
is neutrophil activation caused by transfused antibodies or
biologically active substances accumulated in the blood
component such as lipids and CD40 ligand [6].

TRALI is a life-threatening complication of blood trans-
fusion. It is likely to be under diagnosed due to a lack of
awareness and understanding of this clinical entity, and be-
cause of the clinical presentation mirroring acute respiratory
distress syndrome with its various potential aetiologies.

We present a case of clear-cut TRALI with a fatal out-
come.

Case Report
A 61-year-old man previously healthy with newly discov-

ered lung cancer, was admitted to thoracotomy for lobotomy
or pneumonectomy. The right lung was removed by surgery.

Symptoms & clinical Respiratory distress, Ventricular ~ Death
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Figure 2. Time course of symptoms, clinical presentation including SpO, and timing of chest X-rays in relation to transfusions

of FFP.
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Figure 3. Chest X-ray before and after the onset of respiratory distress.

The perioperative course was uncomplicated and the patient
was extubated in the operating room prior to admission to
the intensive care unit (ICU). Postoperatively the patient pre-
sented oozing and was transfused with FFP. During transfu-
sion of the second unit of FFP, the patient exhibited acute
respiratory distress, and he became cold and sweating on
extremities. Concurrently, the arterial oxygen saturation and
blood pressure fell and heart rate increased (Fig. 2). Shortly
before the onset of respiratory distress, a routine chest X-ray
(X-ray # 1) (Fig. 3) was performed showing normal post-
operative conditions for the remaining left lung. 25 minutes
later (20 minutes after the onset of respiratory distress), a
new chest X-ray (X-ray # 2) (Fig. 3) showed consolidation
of the remaining left lung, described by the radiologist to
be indicative of acute intra-alveolar pulmonary oedema.
ECG displayed sinus tachycardia with no signs of myocar-
dial ischemia. Echocardiography showed good biventricular
function. The left ventricle was without dilation or region-
al dyskinesia and with normal flow towards left side heart
valves. Right side cavities appeared normal and there were
no pericardial exudates. Thus, there were no signs of car-
diogenic shock. Bronchoscopy was performed acutely and
showed no bronchial leakage. Bloody, yellowish, liquid dis-
charge increased into the drainage tube indicating plasma
effusion.

Despite all efforts to stabilize the patient with inotropic
support and assisted ventilation, the circulation collapsed
and the patient had asystoli. In spite of attempts of resusci-
tation, he died 90 minutes after the start of the second FFP
transfusion. Legal post mortem examination determined the
cause of death to be acute lung failure. Surgical lines were
found intact and judged to be perfect. Exudates were found
in the bronchial airways in both chest cavities and thickening
of the right ventricle was observed.

Methods

The HLA type of the patient, HLA antibody identification in
donors and WBC cross match between the patient and each
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donor were performed with a standard complement depen-
dent cytotoxicity technique.

HLA typing: Lymphocytes from the patient are tested
against a panel of selected HLA antibodies with known spec-
ificity. Rabbit serum is added as a source of complement. If
antibodies have bound to cognate antigens of the lympho-
cytes, complement will be activated and the cells killed. This
is visualized by staining followed by flourescence micro-
scopic evaluation.

HLA antibody identification: Serum from the patient
and relevant donors are tested against a selected panel of
lymphocytes from HLA-typed individuals.

Cross match: Donors sera were tested for reactivity
against the patient’s lymphocytes.

Results

In donor #1 no HLA antibodies were identified and cross
match between serum from donor #1 and patient lympho-
cytes was negative. In donor #2 polyspecific HLA antibodies
were identified. Cross match between serum from donor #2
and patient lymphocytes was strongly positive showing that
the donor’s serum contained HLA antibodies directed at pa-
tient’s lymphocytes.
Investigation of HNA antibodies was not performed.

Discussion

Based on the symptoms of acute respiratory distress, the
clinical findings of hypoxemia, non-cardiogenic pulmonary
oedema accompanied by the sudden emergence of infiltrates
in the remaining lung on chest X-ray and the clear temporal
relationship to the infusion of FFP, TRALI is highly likely.
The symptoms start abruptly 25 minutes after the initiation
of transfusion with FFP from donor #2 and there is no other
apparent cause. The findings of WBC antibodies in donor
#2 recognizing cognate antigen(s) on patient lymphocytes
in the WBC cross match further support the diagnosis of
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TRALI Differential diagnosis of TRALI requires consider-
ation of other patient-related causes of acute respiratory in-
sufficiency, such as cardiac failure, circulatory overload, and
in this particular case the possibility of an anastomotic leak
with bleeding into the chest cavity as well as cardiac hernia-
tion. Echocardiography performed shortly after the debut of
symptoms showed good biventricular function with no signs
of left or right heart failure and no cardiac herniation. Bron-
choscopy revealed no bronchial lesion or bleeding, but con-
siderable amounts of yellow fluid indicating plasma leakage.

The rapid and severe course of TRALI in our patient
could be due to the circumstance that the transfusion was
given in a central venous catheter: consequently with almost
no dilution of the plasma before recipient-specific antibodies
met surgery-induced primed neutrophils and endothelium in
the pulmonary capillary bed. There is also the possibility
of additional recipient-directed alloantibodies in the culprit
component of FFP. Alloantibodies directed against HNA-
3a have been repeatedly reported to cause severe and fatal
TRALI [7, 8]. Unfortunately, analysis of donor anti-HNA
antibodies was not performed and we can only speculate on
their existence in this case. The culprit component of FFP
came from a multiparous woman. Among blood donors,
HLA antibodies are found more frequently in multiparous
women [9]. In 2003 the UK began a TRALI risk reduction
effort converting to the use of predominantly male plasma,
resulting in a significant risk reduction of highly likely/prob-
able TRALI due to FFP [10]. In 2006 American Red Cross
followed this trend and began to distribute plasma prefer-
entially from male donors with a significantly decrease in
TRALI cases [11]. The same preventive measure was taken
in our transfusion service months prior to the incident, but
to ensure supply continuity, FFP from female donors of type
AB was not withdrawn from the freezers. Other preventive
measures to reduce antibody-mediated TRALI include WBC
antibody screening (HLA and HNA antibodies) of blood
donors as suggested by The International Society of Blood
Transfusion (ISBT) [12]. Two recent studies [7, 13] have by
two different approaches uncovered the nature of the HNA-
3a antigen, thereby providing the basis for high-throughput
screening-assays using recombinantly expressed HNA-3a
antigen to detect these potentially detrimental alloantibod-
ies in blood donors. In addition to risk factors of the blood
component, patient-specific risk factors determine the prob-
ability of TRALI. One could propose the pneumonectomy
to be a risk factor for acute lung injury in our patient: As
reviewed by Silliman [6] and Bux [14] surgery can lead to
priming of neutrophils. Priming results in ‘stiffening’ of the
cell and possibly mechanical retention in the pulmonary cap-
illary bed, prolonging the close contact of the primed neutro-
phil with endothelial surface [14]. Primed and sequestered
neutrophils can then be activated by exogenous activating
factors such as WBC antibodies in donor blood to express
full microbicidal activity leading to endothelial cell damage
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and pulmonary oedema.

TRALI s an under-diagnosed and under-reported clinical
event in transfused patients. The reported incidence is highly
variable owing to various study designs and characteristics
of patient populations, and lack of diagnostic criteria before
2004. The true incidence of TRALI is unknown. Critically ill
patient groups appear to have a higher risk of TRALI. Recent
prospective data of patients in the ICU’s have documented
a significantly higher incidence of TRALI (8%) than previ-
ously reported [15]. In critically ill patients the presentation
of respiratory distress is common and has several possible
underlying aetiologies, and therefore less likely to be recog-
nised as TRALI in spite of a clear temporal relationship to
transfusion. Epidemiological studies found transfusion to be
the most common predisposing factor for acute respiratory
distress syndrome [16, 17]. Several of these could likely be
unrecognised cases of TRALI. Once suspected, TRALI case
ascertainment is more obvious in ICU’s than other depart-
ments due to their ability to link several real-time databases
that contain the actual timing of events such as transfusion
and alteration in respiratory function [18]. Especially in the
ICU’s, there is a need to increase the awareness and report-
ing of this diagnosis, in part to promptly institute the ap-
propriate treatment and in part to identify and defer donors
implicated in TRALI. Furthermore, awareness of this type of
complication to transfusion of blood products could increase
rational use of blood products, including minimising the use
of FFP as volume therapy. Having said that, further research
is needed to determine the optimal transfusion strategies in
the various groups of critically ill patients.

The treatment of TRALI is supportive: primarily assist-
ed ventilation with supplemental oxygen. Measures to mini-
mize time on mechanical ventilation could improve outcome
[19]. A potential effect of steroids have not been proven and
diuretics may cause decreases in intravascular volume and
are not indicated [1, 5]. Transfusions have been shown to
worsen the outcome in patients with existing ALI [4], call-
ing for a restrictive transfusion strategy in these patients.
Prospective randomized controlled trials involving intensive
care physicians and transfusion medicine experts would con-
tribute valuable knowledge of the true incidence of TRALI,
transfusion and patient-specific risk factors as well as assess-
ment of the true effect of various preventive measures.
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