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Transfusion-Related Acute Lung Injury*
A Review

Mark R. Looney, MD; Michael A. Gropper, MD, PhD, FCCP; and
Michael A. Matthay, MD, FCCP

Transfusion-related acute lung injury (TRALI) is an underreported complication of transfusion
therapy, and it is the third most common cause of transfusion-associated death. TRALI is defined
as noncardiogenic pulmonary edema temporally related to transfusion therapy. The diagnosis of
TRALI relies on excluding other diagnoses such as sepsis, volume overload, and cardiogenic
pulmonary edema. Supportive diagnostic evidence includes identifying neutrophil or human
leukocyte antigen (HLA) antibodies in the donor or recipient plasma. All plasma-containing blood
products have been implicated in TRALI, with the majority of cases linked to whole blood, packed
RBCs, platelets, and fresh-frozen plasma. The pathogenesis of TRALI may be explained by a
“two-hit” hypothesis, with the first “hit” being a predisposing inflammatory condition commonly
present in the operating room or ICU. The second hit may involve the passive transfer of
neutrophil or HLA antibodies from the donor or the transfusion of biologically active lipids from
older, cellular blood products. Treatment is supportive, with a prognosis substantially better than

most causes of clinical acute lung injury.
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T ransfusion-related acute lung injury (TRALI)

was first coined by Popovsky et al' in 1983 to
refer to noncardiogenic pulmonary edema compli-
cating transfusion therapy. The syndrome had previ-
ously been referred to as pulmonary hypersensitivity
reaction,>3 allergic pulmonary edema,* noncardio-
genic pulmonary edema,>" and pulmonary leukoag-
glutinin reaction.® Barnard® in 1951 described the
first case of fatal pulmonary edema accompanying
transfusion therapy. Brittingham'© in 1957 was the
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first to initially shed light on the pathogenesis of
TRALIL He transfused a strong leukoagglutinin to a
volunteer who developed bilateral pulmonary infil-
trates. This review will summarize the clinical fea-
tures of TRALI and highlight potential mechanisms
that may precipitate acute lung injury (ALI) and the
ARDS.

DEFINITION AND CLINICAL PRESENTATION

TRALI is defined as noncardiogenic pulmonary
edema temporally related to the transfusion of blood
products. The development of TRALI has been
associated with all plasma-containing blood prod-
ucts, but most commonly involves whole blood,
packed RBCs (PRBCs), fresh-frozen plasma, and
platelets. TRALI has also occurred after the transfu-
sion of cryoprecipitate and IV Ig.'l12 The most
common symptoms associated with TRALI are dys-
pnea, cough, and fever.>!* Fever was a nearly
constant finding in one series.!> Both systemic hy-
pertension and hypotension have been commonly
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reported, with the incidence of each possibly related
to the severity of the reaction.!'6 In patients receiv-
ing mechanical ventilation who acquire TRALI, co-
pious quantities of pulmonary edema fluid can be
collected from the endotracheal tube. Symptoms
associated with TRALI can be sudden and fulmi-
nant, and most commonly occur between 1 h and 2 h
after the onset of transfusion, but may develop
within 30 min of transfusion. Almost all reactions
occur within 6 h from the start of a transfusion.!.14.15
The first and still one of the largest series of TRALI
cases was published by Popovsky and Moore!? in
1985. These investigators published 36 cases of
TRALI from the Mayo Clinic occurring over a 2-year
period. All patients in that study required oxygen
supplementation, and 72% required mechanical ven-
tilation. Bilateral pulmonary infiltrates were present
in all patients (Fig 1, top), and were rapidly resolved
(<96 h) in 81% of the patients (Fig 1, bottom). For
the remaining patients, the pulmonary infiltrates
resolved more slowly (= 7 days). Mortality was only
6%, with no survivors having long-term sequelae.
The 5 to 8% mortality rate in TRALI cases distin-
guishes it from ALI/ARDS, which has a mortality
rate of 30 to 50%.17

INCIDENCE

The true incidence of TRALI is not known be-
cause there is significant underreporting of cases.'
Too often, hypoxia that develops after transfusion
therapy is ascribed to volume overload, and diuretics
are empirically administered. Mild-to-moderate
cases of TRALI may be misdiagnosed as volume
overload, and the chance to make a diagnosis of
TRALI, and possibly prevent future cases, is lost.
Popovsky et al' reported five cases of TRALI that
occurred in a total of 3,130 patients transfused with
21,000 blood products. This yielded an incidence of
0.02% per unit transfused and 0.16% per patient
transfused. Others have found lower estimates at
0.014% per unit and 0.08% per patient transfused.™
Silliman et al'> reported a slightly higher incidence
of TRALI at 0.09% for all cellular components
transfused, and 0.08% for all components transfused.
TRALI is the third most common cause of fatal
transfusion reactions next to ABO blood type incom-
patibility and hepatitis.2*2! As of 2001, the Food and
Drug Administration (FDA) Center for Biologics
Evaluation and Research had received 45 fatality
reports of TRALI since the first report in 1992.22

PATHOGENESIS

Empiric observations have indicated that most
TRALI cases occur in the operating room and the
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FIGURE 1. Top: Anteroposterior chest radiograph from a 37-year-
old woman with cholangitis who received 2 U of fresh-frozen
plasma and acquired TRALIL The patient has an endotracheal
tube in place and has diffuse bilateral alveolar infiltrates and a
normal cardiac silhouette. This is a characteristic radiograph
aﬁpearance for severe ALI in TRALI Bottom: Anteroposterior
chest radiograph from the same patient 24 h later showing
significant resolution of the alveolar infiltrates, as seems to occur
in 80% of patients with TRALL.

ICUs.1323 What is it that predisposes patients in
these settings to TRALI? It has been proposed that
patients in these settings have the first “hit” in a
generally accepted “two-hit” hypothesis for the
pathogenesis of TRALI. The first hit is thought to be
the underlying condition of the patient, with the
second hit being the transfusion of injurious blood
products.?* This two-event hypothesis has been used
in animal models of ALI/ARDS.25:26 These same
animal models have shown that ALI/ARDS is usually
a neutrophil-dependent process. The first insult in
ALI/ARDS is the priming and adherence of neutro-
phils to the pulmonary endothelium. The second
insult activates these primed neutrophils, resulting in

Critical Care Review



the release of reactive oxygen species that cause
capillary leak and pulmonary edema.?” Candidate
conditions for producing the first insult in TRALI
include surgery, sepsis, trauma, and massive transfu-
sions themselves. Silliman et al,’> in a retrospective
case control analysis of etiologic factors in TRALI,
identified hematologic malignancies and cardiac dis-
ease as significant risk factors. Patients receiving
induction chemotherapy or undergoing cardiopul-
monary bypass appeared to be particularly at risk.
Massive transfusions can produce a systemic inflam-
matory response syndrome-like condition that can
progress to multiorgan failure if the appropriate
second insult is present.2529

Antibody-Mediated Lung Injury

There is controversy as to what constitutes the
second insult in TRALI. Two main pathogenetic
explanations exist and are both backed by solid
evidence from both animal and human studies. The
two mechanisms are passively transfused antibodies
and biologically active lipids. As discussed previously,
the first reports of lung injury complicating transfu-
sion therapy (1950s) implicated a passively trans-
fused leukoagglutinin.’® The antibody theory re-
mains the most inclusive and published etiology of
TRALI. The medical literature is replete with re-
ports of the identification of passively transfused
antibodies producing TRALIL.1-3.10.13.14.19.30-37 The
classic scenario is that donor antibodies are trans-
fused with the plasma-containing blood product.
These antibodies attach to specific antigens on
primed neutrophils leading to the release of oxida-
tive and nonoxidative products that damages the
pulmonary endothelium and leads to an increased
permeability pulmonary edema. These antibodies
may also attach to the pulmonary endothelium and
monocytes and directly activate these cells.3436 Rare
reports343% exist of recipient antibodies attacking
donor WBCs and producing TRALI. Much more
frequently, this scenario produces a febrile transfu-
sion reaction without lung injury. Reports even exist
of interdonor TRALI, in which antibodies of one
donor attack the WBCs of another donor within the
recipient’s bloodstream.?*-4! These latter two expla-
nations for TRALI are less likely to occur compared
to the classic donor antibody/recipient WBC sce-
nario, which involves the entire circulating pool of
WBCs and not a small number of transfused leuko-
cytes. In addition, stored granulocytes undergo rapid
senescence and defunctionalization, which limits
their role in antibody-mediated lung injury. Large
quantities of plasma are not necessary to produce
TRALI since there are reports of TRALI occurring
with the transfusion of only 10 to 15 mL of plasma.!?
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The targets of the passively transfused antibodies
are neutrophil specific and human leukocyte antigen
(HLA) class I and II antigens. The neutrophil-
specific epitopes (eg, 5b, NA2, NB1, NB2) are poorly
characterized cell surface antigens. In the case series
of Popovsky and Moore! of TRALI in 36 patients,
granulocyte antibodies were identified in the serum
of at least one donor in 89% of the cases. Lympho-
cytotoxic antibodies were identified in 72% of the
cases, and in 59% of the cases these antibodies
corresponded to a specific patient HLA antigen on
crossmatching. What is not known is the number of
non-TRALI patients who received blood products
from donors with granulocyte or lymphocytotoxic
antibodies. Other studies have shed light on this
issue. In a study*? of female plateletpheresis donors,
17% of the donors had detectable HLA antibodies;
however, in > 9,000 donations, no cases of TRALI
were reported. In an investigation by Kopko et al,'4
a multiparous donor with granulocyte 5b antibodies
was implicated in a fatal case of TRALI. During a
look-back investigation over 2 years, 36% of this
patient’s donations (which were available for review)
were associated with clinical cases of TRALI. How-
ever, the prevalence of the granulocyte 5b antigen is
approximately 90% in the general population. There-
fore, many more cases of TRALI would have been
expected if antibody-antigen factors were solely re-
sponsible for TRALI. These data suggest that other
factors are involved in producing TRALI, such as
factors inherent in the first hit of the two-hit hypoth-
esis. However, more studies are needed.

Modeling TRALI experimentally, Seeger et al*3
used an ex vivo rabbit lung model and a human
anti-5b antibody isolated from a multiparous donor
implicated in a TRALI case. Lung weight (pulmo-
nary edema) and the capillary filtration coefficient
were calculated using the isolated, perfused rabbit
lungs. When 5b-positive granulocytes, plasma con-
taining anti-5b antibody, and rabbit plasma as a
complement source were perfused, increased lung
vascular permeability and pulmonary edema oc-
curred after a latent period of 3 to 6 h. This reaction
was dependent on all three of the transfused constit-
uents. For instance, when 5b-negative granulocytes
were transfused with the anti-5b plasma and rabbit
complement, no reaction occurred. Thus, this exper-
iment provided confirmation of the proposed con-
stituents and time course of the antibody theory of
TRALIL

There are limitations to the application of an ex
vivo lung model to in vivo human disease. Is there
any in vivo evidence for the localization of these
activated leukocytes to the pulmonary circulation?
McCullough and colleagues,** while studying the
recovery, survival, and tissue localization of e 1)
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granulocytes in humans, made an interesting obser-
vation. When patients with granulocyte antibodies
were perfused with iy, granulocytes, the indium-
labeled granulocytes were sequestered in the pulmo-
nary circulation as assessed by a total-body indium
scan. None of the patients experienced any pulmo-
nary symptoms, presumably because this scenario is
the reverse of the usual cause of TRALI, when donor
antibody reacts with recipient granulocytes. Never-
theless, the indium study provides circumstantial
evidence to the antibody theory of TRALL

Role of Biologically Active Lipids

In some cases of TRALI (approximately 10%), no
leukocyte antibody can be found in either the donor
or recipient.!> How can these cases be adequately
explained using the antibody theory? It has recently
been learned that HLA class II antibodies can be
found in donors implicated in TRALL3! Previous
studies!-13 examining the presence of donor antibod-
ies often examined only granulocyte and HLA class I
antibodies and possibly missed the presence of HLA
class II antibodies. However, a recent study'> of
TRALI from the transfusion of primarily whole-
blood platelets included testing for granulocyte and
HLA class T and II antibodies; this study found a
much lower prevalence of leukocyte antibodies
(<25%). The incomplete presence of leukocyte
antibodies in TRALI has focused attention on an
alternative explanation. Biologically active lipids are
breakdown products of cell membranes that nor-
mally accumulate in older, cellular blood compo-
nents. Lysophosphatidylcholines have been identi-
fied as a component of these lipids and have been
shown to prime neutrophils. Lysophosphatidylcho-
lines probably act through the platelet activating
factor receptor, as their priming actions can be
blocked by a specific inhibitor of that receptor.4>46
Platelet activating factor has been implicated as a
potential mediator in sepsis and ALI/ARDS, and
clinical studies*7#% have been carried out to block its
actions. Silliman et al>* were the first to show that
biologically active lipids present in posttransfusion
sera of TRALI patients primed neutrophils to a
greater degree than posttransfusion sera from con-
trol subjects (febrile or urticarial reactions). In a
larger, prospective study of TRALI patients, Silliman
et al'> found that implicated blood components had
greater neutrophil priming activity compared to con-
trol subjects. In addition, the posttransfusion plasma
of the patients with TRALI had increased lipid
priming activity compared to before transfusion.

Just as an animal model of the antibody theory of
TRALI has strengthened its potential role, so has an
animal model supported the biologically active lipid

252

theory. Silliman et al*® pretreated rats with intraperi-
toneal endotoxin (priming) or saline solution. After a
2-h incubation period, the rat lungs were isolated
and perfused. Next, fresh human plasma, plasma
from stored PRBCs on the first day of isolation (day
0), or plasma from the day of outdate (day 42) was
perfused. Only the plasma from the day 42 PRBCs
produced lung injury as assessed by an increase in
lung weight and light microscopic evidence of pul-
monary edema and hyaline membranes. In addition,
pretreatment with endotoxin was required for this
injury, thus replicating the two-hit theory of TRALL.
To prove that it was the biologically active lipids in
the day 42 plasma that was causing the lung injury,
lipid extracts from day 42 plasma were perfused.
This resulted in lung injury similar to the day 42
plasma. A similar animal model with similar results
has been published using platelets instead of
PRBCs.>0

There are strengths and weaknesses to both the
antibody and biologically active lipid theories of
TRALI. The main strength of the antibody theory is
the preponderance of studies detailing the presence
of these antibodies in many documented TRALI
cases. The main weakness of the lipid theory is that
it requires cellular blood products. Fresh-frozen
plasma, a blood product often implicated in TRALI,
does not possess these biologically active lipids.
These two explanations for TRALI are not necessar-
ily mutually exclusive and may even be complimen-
tary. Threshold effects may be present that could
potentially allow both mechanisms to participate in

injury.

PATHOLOGY AND EDEMA FLUID ANALYSIS

As summarized in one article,”" autopsy studies of
patients dying of TRALI have shown massive pulmo-
nary edema with granulocyte aggregation within the
pulmonary microvasculature and extravasation into
alveoli (Fig 2). In one autopsy report,> the granulo-
cyte/RBC ratio approached 1:1 in the pulmonary
capillaries. Electron microscopy revealed activated
granulocytes in contact with the alveolar basement
membrane (Fig 3).

Several investigators®” have established that
TRALI is a high-permeability pulmonary edema.
Yost et al>2 published a case series of orthotopic liver
transplant patients who acquired intraoperative pul-
monary edema. The patients received a mean of 20
U of fresh-frozen plasma, 7 U of PRBCs, and 1.5 U
of platelets. Cardiogenic pulmonary edema and vol-
ume overload were ruled out by central venous
and/or pulmonary artery pressure monitoring or by
transesophageal echocardiography. Edema fluid was
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FIGURE 2. Lung pathology from a patient who died from TRALI:
alveolar proteinaceous material and alveolar capillaries congested
with granulocytes (arrow) and RBCs (hematoxylin-eosin, origi-
nal X 1,000). Reprinted with permission from the American
Society of Clinical Pathologists.>!

collected in all of the patients within 15 min of first
appearance and was analyzed for protein content. Six
of the seven patients had edema fluid/plasma protein
ratios = 0.75, which is characteristic of increased
permeability pulmonary edema (one patient had a
ratio of 0.73).5354 Although none of the patients had
TRALI confirmed with antibody testing, the authors

FIGURE 3. Electron micrograph from the same patient in Figure
2 showing alveolar basement membrane (BM) with an intravas-
cular, adherent granulocyte (G), desquamated alveolar epithe-
lium, and amorphous proteinaceous alveolar material (A) [origi-
nal X 10,000]. Reprinted with permission from the American
Society of Clinical Pathologists.>!
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concluded that given the large amounts of transfused
blood products and the exclusion of other diagnoses,
TRALI was the most likely diagnosis.

CLINICAL RiISK FACTORS

As mentioned earlier when discussing the first hit
of the two-hit hypothesis, conditions such as recent
surgery, sepsis, trauma, massive transfusions, hema-
tologic malignancies, and cardiac disease can all
predispose a patient to TRALI. For the second hit,
parity of the blood donor, relationship to the blood
donor, and the age of the blood products can all be
potential risk factors for the development of TRALL.

Multiparity is a risk factor for TRALI due to the
high prevalence of HLA sensitization in these do-
nors.” A mother is exposed to the paternal HLA
antigens of the in utero fetus, and antibodies can
develop to these antigens. With increasing parity, the
percentage of women with HLA antibodies in-
creases. This relationship was detailed well in a study
that investigated the rate of HLA sensitization in
female apheresis donors: Densmore et al*? showed
that the HLA sensitization of women reporting one
to two pregnancies was 15%. For women with three
or more pregnancies, the sensitization rate was 26%.
Expressed a different way, antibody-negative donors
reported an average of 1.8 pregnancies and antibody-
positive donors reported an average of 2.9 pregnan-
cies. As discussed earlier, even if an antibody is
transfused to a recipient with the corresponding
antigen, TRALI does not necessarily develop. How-
ever, case reports and case series abound detailing
the multiparity of donors implicated in cases of
TRALIL

In the only prospective, randomized trial in the
TRALI literature, intensive care patients were trans-
fused with plasma from a multiparous donor or a
control donor (presumably male or nulliparous fe-
male donors, though not explicitly stated) in a dou-
ble-blind, crossover fashion.’¢ These intensive care
patients were determined a priori to need at least 2
U of frozen plasma. The interval between transfusion
of the two randomized units of plasma was at least
4 h. Hemodynamics, Paoy/fraction of inspired oxy-
gen (F10,) ratio, and cytokine levels were measured.
Only one case of TRALI occurred after the transfu-
sion of 200 U of plasma to 100 patients. The donor in
this case was multiparous and possessed a granulo-
cyte antibody. A small but statistically significant
decrease in the Pao,/F10, ratio occurred in the
multiparous plasma group. The mean Pao,/F10,
ratio in the multiparous group before transfusion was
254; after receiving multiparous plasma, it was 234, a
small difference. The mean Pao,/F10, ratio in the
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control group did not change with transfusion of
control plasma (246 to 247). Tumor necrosis factor-a
concentrations increased after the transfusion of
both the control and multiparous plasma. However,
the increase in pretransfusion to posttransfusion
tumor necrosis factor-a concentrations was greater
in the multiparous group than in the control group.
Although there was only one documented case of
TRALI in this study, it is interesting because mul-
tiparous plasma may be causing milder, subclinical
injury in the ICU, or producing a systemic inflam-
matory response syndrome-like state that could pre-
dispose to multiorgan damage.

The transfusion of blood products between close
relatives can be the ideal set-up for TRALI For
instance, if a mother donated blood products for her
child or husband, it is quite possible that HLA
antibodies would be present against the paternal
antigens of the child and the father. Thus, through
the best intentions of protecting a close relative from
the blood products of a stranger, the probability of
TRALI is potentially increased.

In support of the biologically active lipid theory of
TRALI, studies of the association of older blood
products with TRALI and organ failure have been
published. Silliman et al,’> in a nested case-control
study, found that the transfusion of older whole-
blood platelets was associated with a greater inci-
dence of TRALI compared with control subjects (4.5
days vs 4.2 days). From studies?2° on the resuscita-
tion of trauma intensive care patients, it was learned
that a dose-response relationship existed between
early blood transfusions and the later development of
multiorgan failure. Could it be that a subset of the
transfused blood products, perhaps older blood com-
ponents, was the real cause of injury in the early
resuscitation of these trauma patients? Zallen et al>7
studied a cohort of trauma patients who received 6 to
20 U of PRBCs in the first 12 h after injury. The two
cohorts were matched for injury severity score and
transfusion requirement, and were classified into two
groups: those who did and those who did not develop
multiorgan failure. The age of each unit of PRBCs
transfused in the first 6 h of resuscitation was
determined. The results showed that the mean age
of transfused PRBCs in the multiorgan failure group
was significantly older (31 days vs 24 days). This
relationship persisted on multivariate analysis. Un-
fortunately, the pulmonary injury was not detailed in
these studies, nor was it mentioned if the diagnosis of
TRALI was pursued. One would expect, however,
that ALI/ ARDS was a significant component of the
multiorgan failure.

The risk of older PRBCs has also been shown in
patients with sepsis. Although it was a small retrospec-
tive study, Purdy et al>® examined the age of PRBCs
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transfused to 31 patients with severe sepsis/septic
shock; during the septic episode, the median age of
PRBCs transfused to survivors was significantly lower
than nonsurvivors (17 days vs 25 days). In another
study, Marik and Sibbald™ reported that septic patients
receiving mechanical ventilation who were transfused
older PRBCs acquired evidence of splanchnic ischemia
as assessed by gastric tonometry.

DIAGNOSIS

The diagnosis of TRALI requires a high index of
suspicion and the exclusion of more common etiol-
ogies of posttransfusion respiratory insufficiency.
TRALI should be suspected and excluded in all cases
of dyspnea and hypoxia temporally related to the
transfusion of any blood product. As mentioned
earlier, most reactions occur within 1 to 2 h, and
almost all reactions occur by 6 h. A careful clinical
examination assessing volume overload combined
with testing such as echocardiography and possibly
pulmonary arterial catheterization should exclude
cardiogenic pulmonary edema and volume overload.
If present, one should always collect pulmonary
edema fluid from the endotracheal tube early in
course of the lung injury. Pulmonary edema fluid
spontaneously appearing in the endotracheal tube
can be collected, or a 14F suction catheter can be
wedged and the edema fluid suctioned from the
lower airways into a standard specimen trap. Protein
measurements of the edema fluid and a matched
plasma sample can be diagnostic of increased per-
meability pulmonary edema. For example, the
edema fluid/plasma protein ratio is < 0.65 in hydro-
static pulmonary edema, and > 0.75 with increased
permeability pulmonary edema.>®>* This method
is valid only for undiluted pulmonary edema fluid,
not BAL.

The only routine laboratory parameter that has
been associated with TRALI is leukopenia.!0-19.30.60
This has been an infrequent finding in most of the
published cases of TRALL. It is our opinion that the
leukopenia is so dynamic that it often goes unrecog-
nized with the infrequency with which the WBC
count is measured. In surgical cases with large
predicted blood losses and transfusion requirements,
the CBC count is often checked every 1 to 2 h. The
authors have identified leukopenia in a case of
TRALI that would have been completely missed if
blood had not been drawn over a 5-h period (Fig 4).
The transient leukopenia is presumably due to mas-
sive sequestration of the circulating pool of leuko-
cytes in the pulmonary circulation. An appropriate
bone marrow response supplies the circulation with
new leukocytes a few hours later. This dynamic
leukopenia, if observed, could add support to the
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FIGURE 4. Serial WBC counts in a patient undergoing a posterior
spinal fusion who acquired intraoperative TRALI. Note the
dynamic leukopenia, which began and resolved over a 5-h period.
Thrombocytopenia (not shown) also developed and persisted for
several days.

diagnosis of TRALIL, as it would not be expected to
occur in cardiogenic pulmonary edema or volume
overload. Thrombocytopenia has also been reported
in TRALI and seems to be more durable than the
leukopenia.19-30.60

Confirmatory and definitive evidence for the diag-
nosis of TRALI requires investigating the donor and
recipient for passively transfused antibodies. A po-
tential algorithm for the hematologic investigation of
TRALI is shown in Figure 5.

TREATMENT

The first step in the treatment of TRALI is to
make the correct diagnosis. Treating TRALI like
cardiogenic pulmonary edema or volume overload
may lead to adverse outcomes. Levy et alé! reported
a case of confirmed TRALI in which diuretics were
empirically administered. The patient became hypo-
tensive, and a pulmonary arterial catheter was in-
serted. After receiving 1,000 mL of IV crystalloid,
the initial pulmonary capillary wedge pressure was
10 mm Hg with a cardiac index of 3.3 L/min/m>.
Diuretics were discontinued, and further IV fluids
were administered. The patient was eventually extu-
bated and survived. Patients with TRALI are often
normotensive to hypotensive with normal or low
filling pressures. Diuretics may be contraindicated,
and IV fluids should be administered as necessary,
titrating the arterial BP to a mean pressure of 60 mm
Hg with appropriate urine output. Invasive hemody-
namic monitoring may be necessary in especially
severe cases to guide fluid management.

In the majority of cases, TRALI is a self-limited
condition that has a better prognosis than most
causes of ALI/ARDS. For mild TRALI cases, sup-
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Rule out cardiogenic pulmonary edema and volume overload
o Clinical exam and chest radiograph
e Ifneeded, echocardiography +/- pulmonary arterial catheterization
e If present, obtain undiluted pulmonary edema fluid from the trachea
and a matched plasma sample for protein analysis

l

TRALI still suspected
(cardiogenic pulmonary edema and volume overload ruled out)
o Notify blood bank
e Keep recently transfused blood bags and send to blood bank
e Draw blood from patient and send to blood bank

l

Blood Bank Protocol
Investigate blood products transfused within 4-6 hours of reaction
o Check female donors for granulocyte and HLA antibodies
If female donors negative, check male donors
Determine HLA and neutrophil antigens of patient
Antibody-antigen crossmatch

FIGURE 5. Potential algorithm for the hematologic investigation
of TRALL.

plemental oxygen and supportive care may be suffi-
cient for treatment. For the more severe case, IV
fluids and mechanical ventilation are necessary. A
low tidal volume strategy with low plateau pressures
should be employed when ventilating TRALI pa-
tients, just like other causes of ALI/ARDS.%2 In the
majority of patients, the patient will return to base-
line status in a few days. Recurrent TRALI cases
have been described, so the indications for future
transfusions in a TRALI patient should be scruti-
nized.1432 Several case reportsl’m describe the treat-
ment of TRALI with glucocorticoids. Unfortunately,
there has never been a randomized, controlled trial
of glucocorticoid therapy in TRALI. Given the po-
tential complications associated with glucocorticoids
and the usual self-limited course of lung injury in
TRALI, glucocorticoids have no demonstrated role
in the treatment of TRALL

PREVENTION

Many cases of TRALI are probably avoidable by
adhering to evidence-based transfusion guidelines.
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The role of transfusions in the ICU has received
increased interest recently, and it has become clear
that in selected patients a conservative transfusion
threshold improves patient outcomes.%> Supplemen-
tation with recombinant human erythropoietin may
also reduce transfusions in the ICU.64

Much of the controversy in the prevention of
TRALI, however, centers on the multiparous donor.
Some would advocate excluding the multiparous
donor from the donor pool. Others have found this
disconcerting because multiparous donors are often
very motivated donors, as evidenced by the look-
back study by Kopko et al.'4 In a study** of the
prevalence of HLA sensitization in female apheresis
donors, one third of female plateletpheresis donors
had three or more pregnancies. Approximately one
fourth of these multiparous donors were HLA sen-
sitized. However, none of their donated platelets had
been implicated in a case of TRALI. Since it is
impossible to predict a priori if a multiparous donor
can produce a TRALI reaction, and since the num-
ber of blood product donors is already inadequate, it
seems extreme at this time to exclude these moti-
vated donors.

Kopko et al'4 provided an excellent example of
the utility of a careful investigation in potentially
preventing TRALI. A 54-year-old woman was im-
plicated in a fatal case of TRALI involving the
transfusion of fresh-frozen plasma. The woman
had made 290 previous donations over a 15-year
period. She was multiparous, and her plasma was
found to be strongly positive for a granulocyte 5b
antibody. This fatal case of TRALI was reported to
the FDA, as all fatal cases of TRALI should be.
The FDA requested that the hospital perform an
investigation to see if other recipients of the
donor’s blood products had acquired TRALI. A
retrospective review of the blood product dona-
tions made by this donor over the previous 2 years
was initiated. This prolific donor had made 73
donations (nearly all plasmapheresis) over the
2-year period, with 54 patients receiving the blood
products. Of the 36 patient charts that could be
evaluated, 15 cases of TRALI could be identified
in 13 patients (2 patients had two separate reac-
tions). Eight of the TRALI cases were severe with
pulmonary edema or ALI/ARDS. The other cases
were classified as TRALI based on dyspnea and
oxygen desaturation temporally related to a trans-
fusion. Disturbingly, only 7 of the 15 cases were
reported to the transfusion service of the hospital.
By removing the implicated donor and existing
blood products from the donor pool, future cases
of TRALI were potentially avoided. Thus, a care-
fully conducted investigation can be crucial to
preventing future cases of TRALI.
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As explained earlier, the intensive care literature
has identified that older, cellular blood products
transfused to patients with trauma and severe sepsis/
septic shock is a risk factor for multiorgan failure.57-55
While a prospective, randomized trial of fresher vs
older blood product transfusions has not been car-
ried out, a reasonable preventive strategy would be
to use fresh blood in the early resuscitation of trauma
patients and in the transfusion of patients with severe
sepsis/septic shock. An alternative would be to use
washed blood components.>>

Others have proposed that cellular components
from implicated TRALI donors be made plasma free
by washing with saline solution or frozen/deglycerol-
ized.1:13 However, some would contend that once a
donor has been implicated in a case of TRALI, that
donor and the existing blood products should be
permanently removed from the donor pool.

Leukocyte reduction is controversial in transfusion
medicine. The method of leukocyte reduction can be
performed by centrifugation, sedimentation, wash-
ing, freeze-thawing, apheresis, or most commonly by
filtration. The filtration can be performed prior to
storage or prior to transfusion at the patient’s bed-
side.%> Accepted indications for leukocyte reduction
include reduction in HLA alloimmunization, avoid-
ance of febrile nonhemolytic transfusion reactions,
and prevention of the platelet refractory state.
Leukocyte-reduced blood products can also be used
as an alternative to cytomegalovirus—seronegative
blood products. Other possible but less accepted
indications include reducing perioperative infections
and reducing tumor recurrence rates after surgery.%
A recent study®” of high-risk surgical patients in
Canada showed that prestorage leukoreduction of
RBCs decreased mortality and decreased fever epi-
sodes and antibiotic use; however, the mortality
benefit did not appear to be related to a decrease in
infections. In terms of preventing TRALI, leukocyte
reduction probably has no role. It is usually the
antibody from the donor, not the leukocytes them-
selves, that is implicated in the TRALI reaction. In
theory, leukocyte reduction could reduce the accu-
mulation of biologically active lipids in stored blood
products. The WBCs are thought to produce the
biologically active lipids by degrading cell mem-
branes through the release of enzymes such as
phosholipases. However, an animal model using
prestorage leukoreduced whole-blood platelets
failed to inhibit TRALI when outdated plasma from
these platelets was transfused.® In addition, prestor-
age leukoreduction of PRBCs failed to inhibit the
priming of neutrophils exposed to the same PRBCs
after storage.
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CONCLUSIONS AND FUTURE DIRECTIONS

TRALI is a serious, potentially life-threatening
complication of transfusion therapy that is underdi-
agnosed and underreported. The key to the diagnosis
and treatment of TRALI is a high clinical suspicion
and the need to exclude cardiogenic pulmonary
edema or volume overload and other more common
causes of ALI/ARDS, especially pulmonary or non-
pulmonary infection. The pathophysiology of TRALI
remains uncertain, although there is evidence for
lung injury from both passively transfused antibodies
and biologically active lipids. There is sufficient
controversy regarding the relative contributions of
the antibody theory and the biologically active lipid
theory to warrant future studies.

Well-designed prospective trials of TRALI in the
ICU could be done, similar to the clinical trials done
by the National Institutes of Health ARDS net-
work.62 It is likely that much could be learned by a
prospective trial of the incidence, risk factors, and
outcome of TRALI in the ICU. By utilizing the
expertise of blood-banking personnel, there would
be more insight into the pathophysiology of TRALI.
More high-profile, well-designed studies would also
increase the awareness of this serious complication
of transfusion therapy.
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