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BACKGROUND: Transfusion-related acute lung injury
(TRALI) is one of the most serious complications of
blood transfusion. It can be caused by incompatible
white blood cell antibodies in transfused plasma. The
objective of this study was to quantify the reduction of
TRALI after introduction of male-only plasma for trans-
fusion as a preventive measure, which took effect in
2007.
STUDY DESIGN AND METHODS: In the Netherlands
all cases of TRALI are reported to the national hemo-
vigilance office. All reported cases of TRALI from 2002
to November 2009 were considered for inclusion. Those
meeting the Canadian consensus clinical definition were
included and subdivided according to whether or not
the patient had received quarantine fresh-frozen plasma
(Q-FFP) in the 6-hour period before the reaction. The
numbers of TRALI cases involving plasma donated
before the measure and of those involving plasma
donated after the measure were compared to TRALI
cases that did not involve Q-FFP to adjust for reporting
bias.
RESULTS: A total of 110 cases were included in the
analysis. Of 68 cases before the measure, 36 involved
Q-FFP. Thirty-one cases occurred after the measure of
which eight involved Q-FFP. Eleven occurred in the
transitional period, of which four involved Q-FFP. The
population-attributable risk of premeasure plasma
among TRALI cases occurring before the measure was
0.33 (95% confidence interval, 0.09-0.51).
CONCLUSIONS: In the Netherlands the male-only
Q-FFP measure was associated with a 33% reduction
of TRALI cases.

T
ransfusion-related acute lung injury (TRALI) is
one of the most serious transfusion reactions
and one of the top three causes of transfusion-
related mortality in most hemovigilance regis-

tries.1,2 According to the Canadian consensus criteria,
respiratory distress, hypoxia, increased airway resistance,
and frothy sputum in ventilated patients arise within
6 hours of transfusion and are associated with (new) infil-
trates showing on X-ray. This is assumed to be due to neu-
trophils entering the pulmonary interstitium and fluid
loss into the alveoli.3,4 TRALI has been attributed to
incompatibility between donor white blood cell (WBC)
antibodies (HLA Class I and II antibodies as well as granu-
locyte antibodies) in transfused plasma and recipient

ABBREVIATIONS: Q-FFP = quarantine fresh-frozen plasma;

PAR = population-attributable risk; TRIP = Transfusion Reac-

tions in Patients.

From the TRIP (Transfusion Reactions in Patients) Dutch

National Hemovigilance Office, The Hague; the Department of

Research and Development, Sanquin Blood Bank Southwest,

Rotterdam; the Jon J. van Rood Center for Clinical Transfusion

Research, Department of Clinical Epidemiology, Einthoven

Laboratory, and the Department of Immunohaematology and

Blood Transfusion, Leiden University Medical Center, Leiden;

and the Department of Internal Medicine-Hematology, Maas-

tricht University Medical Center, Maastricht, the Netherlands.

Address correspondence to: J.C. Wiersum-Osselton, TRIP

(Transfusion Reactions in Patients) Dutch National Hemovigi-

lance Office, PO Box 40551, 2504 LN The Hague, the

Netherlands; e-mail: j.wiersum@tripnet.nl.

Data were collected and assessed by or under the supervi-

sion of JCW-O, EAB, AvT, PZ, and MRS; AB also assessed the

reports. The analysis was designed and performed by RAM,

JCW-O, and JGvdB. JCW-O drafted the article and is the guaran-

tor. All authors critically reviewed the article, agreed to the deci-

sion to submit it for publication and had access to the data.

Received for publication August 6, 2010; revision received

September 30, 2010, and accepted September 30, 2010.

doi: 10.1111/j.1537-2995.2010.02969.x

TRANSFUSION **;**:**-**.

Volume **, ** ** TRANSFUSION 1



WBCs.5,6 However, in many cases no WBC incompatibility
is found. In the postulated two-hit mechanism of TRALI, a
first hit consists of neutrophil priming or initial triggering
of endothelium in the pulmonary vascular bed. The
second hit can be the transfusion of WBC antibodies
incompatible with the recipient or other factors that arise
during storage of blood products.4

The proportion of TRALI cases that are deemed to be
caused by WBC incompatibility has been estimated at up
to 89%.3 WBC antibodies are mainly induced by preg-
nancy or blood transfusion.7 Therefore several countries
where fresh-frozen plasma (FFP) is used for transfusion
have introduced FFP preferentially or exclusively derived
from male donors who have never received a blood trans-
fusion with the aim to reduce the number of TRALI cases.
In the United Kingdom, analysis of 10 years of TRALI reg-
istration within “SHOT” (Serious Hazards of Transfusion),
the national hemovigilance office, shows that implemen-
tation of preferential male-only FFP has led to a near dis-
appearance of TRALI associated with WBC incompatibility
after plasma transfusion.2 However, this may be partly a
consequence of the SHOT method of assessing “imput-
ability,” the likelihood that the clinical picture of TRALI is
related to transfusion. SHOT grades imputability of TRALI
reports higher in the presence of patient-incompatible
WBC antibodies. The international consensus definition
for TRALI does not include WBC incompatibility as a
criterion.8,9

The male-only measure became effective in the Neth-
erlands for all quarantine FFP (Q-FFP; henceforth in this
article we will refer simply to “plasma”) distributed to hos-
pitals since July 1, 2007. The aim of this study was to quan-
tify the reduction of TRALI cases, as defined by the
international consensus definition, after implementation
of male-only plasma.

MATERIALS AND METHODS

Design and study setting
We performed a cohort study among all patients who
had a diagnosis of TRALI in the Netherlands from 2002 to
2009 with the aim of comparing the incidence of TRALI
before and after the male-only plasma measure became
effective. In the Netherlands all suspected cases of TRALI
are reported to TRIP (Transfusion Reactions in Patients),
the national hemovigilance system that became fully
operational in 2003. The reports are submitted on a
paper or digital reporting form; additional information is
requested from hospitals if necessary for standardized
classification. TRIP also receives information on reported
TRALI cases from the blood service. Inclusion was termi-
nated on November 15, 2009, when a further measure
was introduced in the production of platelet (PLT)
concentrates.

Patients

TRALI case definition
TRALI cases had to conform to the criteria of the interna-
tional consensus definition of TRALI: a patient was
included in the cohort if there were clinical findings of
hypoxia with bilateral infiltrates on the chest X-ray, start-
ing within 6 hours of the transfusion of a labile blood
component; circulatory overload had to be excluded as a
(more likely) cause.8,9 Information on the clinical condi-
tion of the patient was evaluated for known risk factors for
acute lung injury (ALI) or other possible causes of hypoxia
with a temporal relationship to the respiratory distress.

All reports were reviewed by a panel of transfusion
experts and assessed on clinical information without con-
sidering results of WBC serologic investigation, which in
most cases were not available to the reviewing committee.
If the patient had a risk factor for ALI (e.g., aspiration, toxic
inhalation, lung contusion, near drowning, cardiopulmo-
nary bypass, pneumonia, acute pancreatitis, sepsis), the
case was flagged as a “possible TRALI” according to the
consensus definition.8,9 Cases were excluded if there were
other more likely causes for the respiratory problems. All
blood components received by the patient up to 6 hours
before onset of respiratory symptoms were recorded.

Transfusional setting and analysis periods
In the Netherlands plasma for transfusion is prepared
from apheresis plasma, which is released after the donor
has been retested for infectious diseases after a minimum
of 6 months. From October 2006 all plasma collected for
Q-FFP and from July 2007 onward all plasma distributed
to the hospitals was from male never-transfused donors.
Units distributed before July 1, 2007, were not recalled
from the hospitals and were transfused from the hospital
inventory over the following months. Cryosupernatant
plasma is occasionally used for refractory thrombotic
thrombocytopenic purpura and prepared on demand
from Q-FFP.

Since 1988 all PLT products and since 2002 all red
blood cell (RBC) components have been leukoreduced by
prestorage filtration (<1 ¥ 106 WBCs per unit). Plasma for
transfusion meets the same specification. RBCs are stored
in SAGM additive solution (AS) and contain less than
20 mL of residual donor plasma. More than 90% of PLT
concentrates are prepared from five pooled buffy coats
and resuspended in either 200 mL of plasma from one of
the donors (approx. 70% of total PLT units) or PLT AS with
residual approximately 85 to 100 mL of plasma consisting
of less than 20 mL of plasma from each buffy coat. Apher-
esis PLTs are collected in a volume of 150 to 400 mL of
donor plasma and are used for special indications
such as HLA-matched PLTs or parvovirus B19- or
cytomegalovirus-safe products. During the study years the
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total number of blood components distributed to the hos-
pitals annually was approximately 700,000 units.

For TRALI cases reported after July 2007 the donation
date of transfused plasma was checked. Reports where
any plasma had been transfused were classified according
to the donation date of the plasma as occurring with prod-
ucts from before or after the measure. TRALI cases involv-
ing no plasma were assigned to the same period as any
plasma-associated TRALI in that month. The three analy-
sis periods were before the measure (2002-June 2007), the
transitional period during which cases were associated
with plasma both from before and from after the measure
(July-November 2007), and after the measure (December
2007-November 15, 2009). Plasma-associated cases
during the transitional period were assigned according to
the date of donation of the plasma and the cases without
plasma were assigned half to before and half to after the
male-only measure for purposes of calculation.

Statistical analysis
We compared the number of reported TRALI cases from
before introduction of the male-only measure with the
number after it had become effective. If the measure was
effective a reduction will be seen in the number of TRALI
patients who received one or more units of plasma, with
or without other blood components, when only male
plasma was available for transfusion. The number of
reported cases where the patient had not been transfused
with plasma reflects the overall sensitivity of TRALI detec-
tion and reporting in any period. This number was used to
correct for changes in this sensitivity.

We expected that after the measure became effective
there would be a drop in the proportion of TRALI reports
after transfusion of plasma against the total number of
reported TRALI cases. The decrease represents the
population-attributable risk (PAR) for female plasma as
available before the measure and corresponds to the frac-
tion of TRALI prevented by the implementation of male-
only plasma. An additional sensitivity analysis was
performed, calculating the PAR separately for the
ramp-up phase of reporting to TRIP (2002-2004) and for
the plateau phase (from 2005-mid 2007). The main result
was recalculated with the omission of reports from the
interim period as an additional verification.

The formula used is as follows:

PAR R R R risk after risk before,0= −( ) = −1

with R the risk of TRALI in transfusion recipients before
the measure and R0 the risk in transfusion recipients after
the measure.

During the reporting period there was little change in
numbers of blood components distributed in the Nether-
lands,10 so stable proportions of patients transfused with

different types and combinations of types of blood com-
ponent are assumed. The number of TRALI reactions (N)
reported in a given period is

N X f Y,= × ×

in which X is the “true” incidence rate of TRALI reactions
(number per year), f is the proportion detected and
reported, and Y is the follow-up period (years).

PAR 1 risk after risk before 1 X X

1 N Y f N Y f
A B

A A A B B B

= − ( ) = −
= − ×( )( ) ×(( )( ).

For TRALI reactions where no plasma was transfused, the
“true” rate cannot have changed since the measure was
introduced so

X XB,no plasma A,no plasma= .

Since we collected TRALI reactions with and without
plasma concurrently, we can also assume that f at any time
is the same for TRALI with and without plasma. This
allows the proportion YA ¥ fA/(YB ¥ fB) (for all cases) to be
estimated by NA, no plasma/NB, no plasma. Thus the PAR was cal-
culated as

PAR 1 N N N NA B B,no plasma A,no plasma= − ( ) × ( )( )

simply using the observed numbers of reported TRALIs.
A confidence interval (CI) for the PAR was calculated

using

Var 1 PAR 1 N 1 N 1 N 1 N .B,no plasma B A,no plasma Aln −[ ]( ) = − + − 11

RESULTS

Characteristics of the study population
The study population comprised 110 patients with TRALI
approved by expert review as complying with the TRALI
definition. Figure 1 shows the numbers of all suspected
TRALI reactions per year from 2002 to 2009 according to
the types of blood component(s) received by the patient.

TRALI before and after the male-only
plasma measure
The earliest TRALI involving one or more plasma units
from after the measure occurred in July 2007, the last case
where one or more plasma units dated from before the
measure occurred in November 2007. Thirty-one of the
TRALI cases were designated as possible TRALI according
to the consensus definition because one or more other
risk factors for ALI were present.

Outcomes and estimation
The annual number of reports of TRALI rose for all types of
blood component between 2002 and 2007, which can be
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attributed to increased awareness of TRALI. The initial
increase in total annual number of reports to the new
hemovigilance reporting system had leveled off in 2005. A
total of 68 cases of TRALI occurred before the male-only
plasma measure, of which 36 involved plasma, with or
without other types of blood components. From Decem-
ber 2007 there were 31 cases, of which eight involved
plasma. Four of the 11 cases in the transitional period
were associated with plasma, two with plasma donated
before the measure. Table 1 summarizes the numbers of
reports with and without plasma per analysis period. The
overall PAR was 0.33 (95% CI, 0.09%-0.51%) for all TRALI.
After exclusion of possible TRALI it was 0.37 (0.06-0.58). In
the sensitivity analysis comparing the separate periods of
2002 through 2004 and 2005 through mid-2007 to that
after the measure the PAR was comparable although with
a wider CI: PAR 0.41 (95% CI, 0.07-0.67); and 0.31 (-0.02 to
0.54), respectively.

DISCUSSION

The male-only plasma measure was associated with a 33%
reduction of TRALI in the Netherlands, a reduction totally
driven by lower numbers of cases where plasma had been
transfused in combination with RBCs and/or PLTs. The
finding implies that against the mean number of approxi-
mately 20 reports per year before the measure, some seven
of the previously reported cases annually may have been
avoided by the measure. Moreover, since the plasma
measure can only prevent TRALI caused by plasma, this
size of effect means that the majority of TRALI cases where
plasma had been transfused before the measure were in
fact caused by female plasma. The figures in Table 1 show
that TRALI cases where plasma had been transfused are in
the majority in the period before the measure and that this
is reversed after the measure.

We observed a higher attributable risk when cases of
possible TRALI were excluded. In some cases where other

risk factors for ALI were present, ALI was
probably not induced by the transfu-
sion. Inclusion of some such cases leads
to dilution and underestimation of the
effect of the measure. The higher attrib-
utable risk after exclusion of possible
TRALI is probably more valid and pro-
vides further support that there is a true
reduction.

Strengths and limitations
The strength of this analysis lies in its
inclusion of all reported patients
meeting the standardized criteria for
TRALI in a whole country, with as little
as possible interference from awareness

of the results of WBC serology testing. Reporting of such a
serious complication as TRALI to TRIP and/or the blood
service is expected to be nearly complete. An important
advantage is that we use the number of TRALIs not asso-
ciated with plasma to correct for variability in detection
and reporting behavior. The fact that a similar effect is
found in the sensitivity analyses of the subperiods sup-
ports our use of these cases as a comparator.

A limitation of the study is its observational nature
and reliance on spontaneous reporting of cases. A recent
analysis has shown that bias may operate in the decision
whether to report a reaction as suspected TRALI.12 If any
interpretation bias operated it could be expected to favor
reports of TRALI associated with FFP and to have most
strongly influenced TRALI reactions where FFP was the
sole product transfused. However, these findings do not
support this. Also, since most clinicians in the Nether-
lands are not aware of the plasma measure, this reporting
preference is unlikely to have changed and therefore could
not have biased our analyses.

The overall blood use and the proportions of type of
blood component remained largely stable over the study
period, except for a slight (less than 10%) decrease in the
number of both RBC and plasma units distributed to the
hospitals between 2002 and 2004 (see Table 2). Thus a
relative reduction of the use of plasma compared to cellu-
lar blood components has not contributed to a lower inci-
dence of TRALI. The assumption of unchanged risk
associated with RBC and PLT transfusion could also be
challenged if female plasma donors returned to whole
blood donation. In fact, however, female donors contin-
ued to donate plasma for fractionation.

The overall incidence of reported TRALI appears to
show a downward trend after the year 2007 (Fig. 1). Analy-
ses by TRIP show that there have been increased reports of
transfusion-associated circulatory overload and other
transfusion reactions, suggesting that the diagnosis of
TRALI is assigned more critically.1 As explained above the

Fig. 1. Reports of suspected TRALI and associated blood components, 2002 through

2009. BCs = blood component(s).
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calculated drop in TRALI is based on the ratio of TRALI
cases where plasma was (one of blood components) trans-
fused, to cases without plasma, and would be valid despite
a reduced trend in the overall level of TRALI detection and
reporting.

Consistency with prior findings
A reduction by 33% is slightly higher but in the same order
of magnitude as suggested by the findings of WBC serol-
ogy as reported recently from our country.13 The reduction
is comparable to observational pre- and postintervention
data on ALI in ruptured abdominal aneurysm repair from
a single UK center (0.39; 95% CI, 0.16-0.90).14 An American
study of TRALI fatalities in 2003 to 2005 found that 18 of 38
probable TRALI fatalities (47%) were associated with
female antibody-positive FFP and might be avoided by
limiting transfusion of WBC antibody-containing FFP.15

This proportion is again similar although the relative con-
tribution of alloimmune-mediated TRALI associated with
FFP would not necessarily be the same among cases with
fatal outcome. A recent overview of probable TRALI
(including nonfatal cases) reported by the American Red
Cross describes a decrease from 30 cases associated with
plasma transfusion in 2006 to 10 cases in 2008 after imple-
mentation of male-predominant plasma for transfusion.16

In the UK reports to SHOT of TRALI-associated with
FFP containing patient-incompatible WBC-reactive anti-
bodies decreased from 10 in 2003 to none in 2004 through

2007 since implementation of preferential use of male
plasma. This suggests that, if supply of exclusively male
plasma is achieved, this measure could prevent most or all
TRALI caused by plasma. As explained above, SHOT
assesses the likelihood that a suspected TRALI is indeed
transfusion-related partly on the basis of the finding of
concordant HLA antibodies in the transfused unit(s). The
overall rate of reported TRALI (assessed as highly likely,
probable, or possible) before the change in the United
Kingdom was 1.9 per 100,000 units, compared with 2.6 per
100,000 in 2005 through 2006 in our registry. In the Neth-
erlands, the expert assessors were blinded to the results of
this investigation from 2007 onward. Before that year they
were not consistently blind to the results but these were
not used for the clinical definition of TRALI. The calcu-
lated reduction in the Netherlands is remarkably similar to
the effect in the UK despite the important difference in the
assessment of cases; this is in line with the hypothesis of
TRALI cases having being prevented by elimination of
patient exposure to incompatible WBC antibodies in
plasma from female donors.

Meaning of the study and implications for
clinicians and policymakers
Not in all countries are donors excluded if they have been
recipients of transfusion. Plasma from male donors
who have (ever) been transfused should logically also
be excluded, although it has been established that

TABLE 1. TRALI cases and transfused blood components per analysis period

TRALI

Before the measure,
January 1, 2002-

July 1, 2007

Transitional period,*
July 1, 2007-

December 1, 2007

After the measure,
December 1, 2007-
November 15, 2009 Total

PAR = 1 - ((NA/NB) ¥ (NB, no
plasma /NA, no plasma))

All TRALI 68 11 31 110 1 - ((36.5/73.5) ¥ (35.5/26.5))
= 0.33 (95% CI, 0.09-0.51)With plasma 36 2 before 8 48

2 after
Without plasma 32 7 23 62

TRALI, excluding cases of
possible TRALI

48 8 23 79 1 - ((27/52) ¥ (22.5/18.5))
= 0.37 (95% CI, 0.06-0.58)

With plasma 28 2 before 7 38
1 after

Without plasma 20 5 16 41

* If cases in the interim period are left out of the calculation the PAR becomes 1 - ((31/68) ¥ (32/23)) = 0.37 (0.12 - 0.54) and 0.40
(0.08 - 0.61) excluding possible TRALI.

TABLE 2. Annual blood use (to nearest 1000) and rate of reported TRALI
Blood components distributed (to nearest 1000 units)

Total number of TRALI and overall rate per 100,000 units distributedYear RBCs Plasma PLTs

2002 630 105 50 6 0.76
2003 617 112 48 7 0.90
2004 585 97 53 6 0.81
2005 568 92 51 13 1.83
2006 556 92 51 23 3.29
2007 555 93 54 26 3.71
2008 554 98 51 19 2.70
2009 564 90 49 12 1.70
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pregnancy-related HLA antibodies persist for longer than
antibodies developed after blood transfusion. In the Neth-
erlands it was possible to implement the measures for no
significant costs and without serious threat to the blood
(plasma) supply. We adopted the use of male-only plasma
for the plasma added to PLT pools in mid-November 2009.
A further safety improvement will be obtained if this
achieves a comparable risk reduction for the PLT concen-
trates preserved in plasma.

Some blood services have implemented antibody
screening for all female donors, with repetition of the
screening after pregnancy.17 This should have comparable
efficiency in preventing TRALI, while resulting in fewer
donor deferrals, but is associated with increased costs.
Other countries (e.g., France, Ireland, Norway, Finland)
use pooled solvent/detergent virally inactivated plasma
and report that TRALI is not seen in association with this
product. Reduction in noninfectious transfusion compli-
cations (both TRALI and allergic reactions) was included
as an important aspect in a recent review of cost-
effectiveness aspects of this product.18

In conclusion, our findings suggest that in the Neth-
erlands the male-only plasma measure has led to a reduc-
tion of TRALI cases of approximately 33%.
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