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Background and Objectives The consequences of ABO-compatible non-identical
plasma for patient outcome have not been studied in randomized clinical trials or
large cohort studies and use varies widely in the absence of evidence-based policies.
We investigated if transfusion with compatible instead of identical plasma confers
any short-term survival disadvantage on the recipients.
Materials and Methods The cohort of all 86 082 Swedish patients who received their
first plasma transfusion between 1990 and 2002 was followed for 14 days and the
risk of death in patients exposed to compatible non-identical plasma compared to
recipients of only identical plasma.
Results After adjustment for potential confounding factors, there was an increased
mortality associated with exposure to ABO-compatible non-identical plasma, with
the excess risk mostly confined to those receiving 5 or more units (relative risk, 1·15;
95% confidence interval, 1·02–1·29). Stratification by blood group indicated higher
risks in group O recipients, especially when the compatible plasma was from a group
AB donor.
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Conclusions This study suggests that ABO-compatible non-identical plasma is less
safe than identical plasma. Subanalyses by blood group suggest a role for circulating
immune complexes. Our findings may have policy implications for improving transfusion safety.
Key words: ABO match, blood group, circulating immune complexes, short-term
survival, transfusion safety.

Introduction
Improved donor selection and testing in recent years has led
to an unprecedented level of safety of the blood supply [1] and
a call for a shift of emphasis from blood safety to transfusion
safety [2]. One aspect of transfusion safety concerns the ABO
blood groups [3,4] of the donor and recipient. Transfusion of
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ABO-incompatible red blood cells (RBCs) or plasma is avoided,
because it can cause haemolysis and is burdened with high
mortality [5–9]. Plasma naturally contains anti-A and/or
anti-B antibodies directed against the blood group antigen(s)
that are absent in that individual. It is considered safe to use
non-identical plasma that has no antibodies against blood
group antigen(s) present in the recipient, and plasma from
donors with blood group AB (universal plasma) is administered
to recipients of all blood groups (see Fig. 1). In addition to
its use in emergency cases where the patient’s blood type is
unknown or when there is a shortage of plasma of the
recipient’s blood type, some hospital blood banks may issue
AB plasma routinely for logistical reasons. The consequences
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Fig. 1 Definitions of ABO-identical and
ABO-compatible non-identical plasma. In
addition to soluble blood group antigens
(A or B), plasma contains naturally occurring
antibodies to the antigen(s) that are
lacking (
= anti-A antibodies;
= anti-B
antibodies). Based on the presence or absence
of antibodies, plasma for transfusion is
chosen as indicated by the arrows (ABO
identical plasma or ABO compatible,
non-identical plasma).

of using compatible non-identical plasma for patient outcome
have not been studied in randomized clinical trials or large
cohort studies. An increased morbidity and mortality has
been reported in numerous studies of ABO-mismatched
platelet concentrates [10–13] and one study that failed to
show any adverse effect employed an unorthodox study
design, comparing patients based on whether their first
transfusion was identical or non-identical, with consequent
inevitable misclassification of exposure [14]. However, there
is a marked paucity of objective data regarding the use of
plasma, and ABO-compatible non-identical plasma may not
be harmless. When ABO-compatible non-identical plasma is
transfused, the soluble A and/or B antigens may form circulating immune complex (CIC) with the recipients anti-A and/
or anti-B antibodies [15], as has been documented for platelet
recipients after transfusion of incompatible ABO antibody or
antigen [16]. Circulating immune complexes have been shown
to be associated with various immunological reactions [17,18].
Our objective was to investigate the effect of ABO-compatible
non-identical plasma transfusions on post-transfusion shortterm mortality. Since such plasma (especially AB plasma) is
frequently used, the consequence of this common practice is
a potentially important issue for medicine. The availability of
the Scandinavian Donations and Transfusions (SCANDAT)
database [19] provides a unique opportunity to examine the
post-transfusion mortality in a very large patient population.

Materials and methods

obtained by record linkage with national population, death
and hospital discharge registers. The Stockholm Regional
Ethics Committee approved the use of these data resources
for the study presented here.

Definition of the cohort
From the SCANDAT database, we selected patients for a
retrospective cohort study. We included all those with valid
national registration numbers, and known date of birth,
blood group and transfusion dates, who had their first
recorded allogeneic plasma transfusion between 1 January
1990 and 31 December 2002, and who were 18 years or older
at the time of this transfusion. We excluded plasma recipients
whose first allogeneic plasma transfusion was ABO incompatible or from a donor with unknown blood group. In addition, we excluded all patients who (i) had any history of organ
or haematopoetic stem cell transplantation on or prior to the
date of first allogeneic plasma transfusion, (ii) received any
blood component except autologous plasma or ABO-identical
RBCs in the 30 days prior to the first allogeneic plasma transfusion, (iii) on the day of the first plasma transfusion were
not recorded at any hospital or were recorded at more than
one hospital, or (iv) had blood group AB (since exposure to
compatible non-identical plasma is not possible). Hospitals
that accounted for fewer than 1000 persons in follow-up
were excluded from analysis (thereby restricting the analysis
to Swedish hospitals) in order to facilitate investigation of
whether different hospital practices had any effect.

Scandinavian Donations and Transfusions database
The SCANDAT database [19] is a blood donation and transfusion register containing detailed information on approximately 1·3 million transfusion recipients and 1·1 million
blood donors. Using unique national registration numbers,
individual characteristics and health outcome data were

Plasma
In Sweden, plasma is mostly derived from buffy-coat-depleted
whole blood with the top-and-bottom method [20] and contains
less than 6 × 109 erythrocytes/l, which is in accordance with
Swedish guidelines. In addition, most plasma is re-centrifuged
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and contains less than 0·05 × 109 erythrocytes/l (approximately
0·001% of the erythrocyte concentration in whole blood).
Most of the plasma units (95·9%) for the transfusions in this
study were prepared from 450 ml whole blood with a small
number (4·1%) prepared by apheresis, and the volume of one
plasma unit is approximately 270 ml including the anticoagulant citrate solution.

Statistical analysis
Exposure was defined as being administered a transfusion
with ABO-compatible non-identical plasma, and the reference
group consisted of recipients who were transfused with only
ABO-identical plasma. For each day of follow-up, we modelled
the effect on mortality of the total number of RBC units and
plasma units received by the patient from the start of plasma
transfusion up to and including the previous day. Thus,
follow-up began on the day after the first plasma transfusion
and patients who had less than 1 day of follow-up contributed
no follow-up and were excluded from the main cohort.
Exposure was examined as a dichotomous variable (any vs.
none) and was also categorized by the number of units of
compatible non-identical plasma received (0, 1, 2, 3–4 and 5+).
The recipients were followed up for 14 days, until death, or
31 December 2002, whichever came first, and were censored
if they received any organ or stem-cell transplant, or any blood
component other than ABO-identical RBCs or ABO-identical
or compatible non-identical plasma.
Poisson regression was used to estimate relative risk (RR)
in exposed patients, with adjustment for the following potential
confounding factors: calendar year at start of follow-up,
hospital, sex, age at start of follow-up (18–20, 21–25, 26–30
... 85–90, ≥ 91 years), blood group, indication for transfusion,
number of RBC units transfused (0, 1–2, 3–4, 5–9 and 10+),
total number of plasma transfusions and time since start of
follow-up in days. With the exception of total number of
plasma transfusions, the log of which was modelled as a linear
covariate, all these were treated as categorical variables. The
indication for transfusion was defined from the diagnosis and
procedure codes (using the ICD-9 and ICD-10 coding systems)
from the hospitalization episode during which the patient
entered the cohort, and were grouped into the following six
categories: burns, other trauma, non-trauma major cardiovascular surgery, non-trauma non-cardiovascular major surgery
for malignant disease, non-trauma non-cardiovascular
non-malignancy major surgery and non-trauma care (nonsurgical or with minor surgery). To assess possible effects
of changing practice in the use of compatible non-identical
plasma over time, we also tested for an interaction between
hospital and calendar time.
We repeated our analyses stratified by blood group O vs.
non-O, and for the group O recipients conducted an analysis
where exposure to AB plasma (two antigen plasma) and to A

or B plasma (one antigen plasma) were modelled as separate
effects. In supplementary analyses, patients who died on the
first day of transfusion (and who were thus excluded from the
main cohort analysis) were compared to those who survived
using a logistic regression model that adjusted for all the
same factors as above, with the exception of time. For all risk
estimates, 95% confidence intervals (CIs) are provided. Data
processing and statistical analyses were performed using SAS
version 8 or higher (SAS Institute, Cary, NC, USA).

Results
A total of 165 369 recipients met the inclusion criteria. From
these, we excluded 1455 subjects whose first allogeneic plasma
transfusion was ABO incompatible or from a donor with
unknown blood group, 1556 recipients who had a history of
organ or stem cell transplant, 8075 recipients who received
blood components other than autologous plasma or ABOidentical RBCs in the 30 days prior to their first allogenic
plasma transfusion, 12 003 recipients who were patients at
unknown or multiple hospitals, and 6532 recipients who
were blood group AB. A further 23 420 recipients did not
contribute any follow-up and were therefore excluded from
the main cohort. Finally, on restricting to hospitals that
accounted for at least 1000 persons in follow-up, the study
cohort consisted of 86 082 recipients from 29 Swedish
hospitals who were followed for 1–14 days after their first
plasma transfusion.
The cohort of recipients is described in Table 1a. A majority
(76%) of these recipients had no exposure to any compatible
non-identical plasma. The average age was 70 years with
slightly more men than women (55% vs. 45%), which is in
agreement with other studies [21]. The median year of first
plasma transfusion was 1998. The overall distribution of blood
group in the cohort reflected the blood group distribution of
all Swedish transfusion recipients in the SCANDAT database
when blood group AB is excluded (O, 40%; A, 48%; and B,
12%), but as might be expected, the blood group distribution
differed markedly between recipients who were exposed to
compatible non-identical plasma and those who only
received identical plasma; the majority of exposed patients
(64%) were of blood group O.
Patients received between 0 and 76 ABO-identical RBC
units (average 3·99) during follow-up. Subjects exposed to
compatible non-identical plasma received significantly more
RBC units (average 4·75 vs. 3·76, P < 0·0001) and more plasma
units (average 5·54 vs. 3·95, P < 0·0001) during follow-up
than did those who only received identical plasma. The 14-day
mortality was slightly higher (8·99% vs. 8·14%) in the exposed
group. Of the 20 320 exposed recipients, approximately twothirds (13 142) received only ABO-compatible non-identical
plasma, while one-third also received identical plasma
(Table 1b). Exposed subjects who received both identical and
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Fig. 2 Fourteen-day mortality of plasma
transfusion recipients, stratified by time since
first transfusion and number of plasma units
received up until that time.

Table 1a Description of the patients included in the study

Number (%) of recipients
Age, median (min-max)
Sex, M/F %
Year of first plasma transfusion, median (min–max)
Blood group O
Blood group A
Blood group B
Number of RBC units transfused, mean (min–max)
Number of plasma units transfused, mean (min–max)
14-day mortality

Unexposed

Exposeda

Total

65 762 (76%)
70 (18–105)
54·9/45·1
1997 (1990–2002)
33·6%
57·2%
9·2%
3·76 (0–76)
3·95 (1–147)
8·14%

20 320 (24%)
69 (18–100)
57·3/42·7
1998 (1990–2002)
64·2%
23·0%
12·8%
4·75 (0–59)
5·54 (1–318)
8·99%

86 082
70 (18–105)
55·4/44·6
1998 (1990–2002)
40·8%
49·1%
10·1%
3·99 (0–76)
4·33 (1–318)
8·34%

a

Exposed patients are those who received any non-identical plasma.

Table 1b Description of subjects who received non-identical plasma,
stratified by whether or not any identical plasma was also given

Number of plasma recipients
RBC units transfused, mean
(min–max)
Plasma units transfused, mean
(min–max)
14-day mortality

Only ABO
non-identical
plasma

A mixture of
ABO-identical
and non-identical
plasma

13 142
3·68 (0–59)

7178
6·71 (0–56)

3·21 (1–124)

9·82 (2–318)

8·35%

10·16%

compatible non-identical plasma received more RBC and
plasma transfusions, and had a higher mortality (10·16% vs.
8·35%).
The total number of plasma transfusions (i.e. identical plus
non-identical) is an important potential confounder, since
this number is linked to the probability of exposure to compatible non-identical plasma, and likely to be associated with
mortality through the critical state of the patient needing a larger
number of transfusions. Our data suggested such a relationship, as for a given follow-up time, we found a clear trend of
increased mortality with larger numbers of transfusions (see
Fig. 2). Hospital is another potential confounding factor,
since it may be associated with exposure through different
hospital transfusion policies, and associated with mortality
through case-mix. There were 29 hospitals included in the
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Fig. 3 The proportion of plasma transfusions
using non-identical components for four of the
largest hospitals over the calendar period of the
study.

Table 2 Estimates of relative risk of mortality after transfusion with non-identical plasma from Poisson regression analysis
Whole cohort

Group O

Group A or B

Risk factor

RRab (95% CI)

P

RRa (95% CI)

P

RRa (95% CI)

P

Any exposure to non-identical plasma
Number of units of non-identical plasma
0 (ref)
1
2
3–4
5+

1·06 (0·997, 1·13)

0·06

1·16 (1·05, 1·28)

0·004

1·04 (0·95,1·14)

0·39

1·0
1·07 (0·95, 1·20)
1·05 (0·96, 1·14)
1·02 (0·91, 1·14)
1·15 (1·02, 1·29)

0·25
0·30
0·74
0·02

1·0
1·15 (0·97, 1·36)
1·13 (1·00, 1·28)
1·13 (0·97, 1·32)
1·26 (1·08, 1·47)

0·12
0·05
0·11
0·004

1·0
1·06 (0·91, 1·24)
1·04 (0·91, 1·18)
0·97 (0·81, 1·16)
1·12 (0·91, 1·39)

0·46
0·56
0·72
0·29

a

RR, relative risk adjusted for age, sex, year of transfusion, hospital, indication for transfusion, and total number of plasma and RBC units.
Patients receiving only identical units are the reference group. 95% CI, 95% confidence interval.
b
Adjusted for blood group (A, B and O).

study, and for four of the largest hospitals, Fig. 3 presents the
proportion of plasma transfusions that used ABO non-identical
plasma in different calendar years. It is clear from this figure
that some hospital blood banks had apparent shifts in policy
while in others there was a gradual change over time. Thus,
the effects of hospital, calendar time and the interaction
between these two factors were considered during model
selection.
The results from the multivariate Poisson regression analyses of the whole cohort are presented in Table 2. Compared
to recipients of identical plasma only, there is a trend for
increased mortality associated with any exposure to compatible non-identical plasma after adjustment for the
potential confounding factors listed earlier (RR, 1·06; 95% CI,
0·997–1·13; P-value, 0·06). On examination of the dose–
response, there is a raised risk for all levels of exposure, but
only 5 or more units of compatible but non-identical plasma

are associated with a significantly increased mortality (RR,
1·15; 95% CI, 1·02–1·29). We also compared those recipients
who died on the first day to those who survived, and observed
an increased mortality for those who received 3 or more units
of compatible but non-identical plasma on the first day (3–4
units: RR = 1·26, 95% CI = 1·01–1·56; 5+ units: RR = 1·33,
95% CI = 1·06–1·67). As expected, we found significant
interactions between hospital and calendar time, but these
did not substantially modify the estimated risks associated
with compatible non-identical plasma (data not shown).
Recipients with different blood groups may have a different
response to non-identical plasma due to variations in antibody
levels and specificity by blood group [22,23]. To investigate
whether such differences were apparent in our data, we
repeated our analyses stratified by blood group O vs. A or B,
and the results are presented in Table 2. From our analysis in
the total cohort, we found an overall increased risk among
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Table 3 Relative risk of death in group O recipients after transfusion with A, B and AB plasma
AB plasma
Risk factor
Ever exposed to compatible non-identical
plasma of the type(s) specified
Number of units
0 (ref)
1
2
3–4
5+

n

A or B plasma
RR (95% CI)

P

481

1·20 (1·07, 1·33)

0·001

2512
124
196
105
56

1·0
1·22 (1·01, 1·46)
1·13 (0·97, 1·31)
1·47 (1·20, 1·80)
1·02 (0·77, 1·35)

0·04
0·12
0·0002
0·89

n

RR (95% CI)

P

868

1·06 (0·96, 1·18)

0·26

2125
111
322
188
247

1·0
0·94 (0·76, 1·15)
1·07 (0·93, 1·23)
1·04 (0·88, 1·23)
1·17 (0·99, 1·38)

0·52
0·32
0·64
0·07

n, number of deaths; RR, relative risk adjusted for age, sex, year of transfusion, hospital, indication for transfusion, and total number of RBC and plasma units.
95% CI, 95% confidence interval.

exposed blood group O patients relative to group O patients
who received only identical plasma (RR, 1·16; 95% CI,
1·05–1·28). There was no obvious trend of increasing risk
with increasing number of compatible non-identical plasma
transfusions, although as before, the highest and most significant risk was for patients receiving 5 or more units (RR,
1·26; 95% CI, 1·08–1·47). The corresponding overall RR
among patients of blood group A or B tended to be lower
(RR, 1·04; 95% CI 0·95–1·14), with no statistically significant
risk for any dose.
Restricting our analysis to recipients with blood group O,
we estimated the RR of death associated with exposure to
non-identical plasma from donors of different blood types.
Table 3 presents the adjusted RR estimates for exposure to AB
plasma and to A or B plasma. Blood group O recipients who
received compatible non-identical AB plasma had a significantly higher risk than group O recipients who received
only identical plasma (RR = 1·20; 95% CI = 1·07–1·33),
whereas there was no significant risk to blood group O
recipients of A or B plasma (RR = 1·06; 95% CI = 0·96–1·18).
There was no clear dose-risk trend with number of compatible
non-identical plasma transfusions, although the risk estimates
were highest for group O recipients of 3–4 units of compatible
non-identical AB plasma (RR = 1·47; 95% CI = 1·20–1·80)
and 5+ units of compatible non-identical A or B plasma 1·17
(0·99, 1·38). In addition, group O recipients exposed to even
a single unit of AB plasma have a significantly increased
mortality (RR = 1·22; 95% CI = 1·01–1·46), while an increased
risk for A or B plasma is only apparent for the largest dose
(5 units or more) and even then does not achieve statistical
significance.

Discussion
In this retrospective cohort study based on the SCANDAT
database, transfusion of ABO-compatible non-identical plasma

was associated with a significantly increased 14-day posttransfusion mortality. The overall risk was most apparent for
those who had received the largest amounts of compatible
non-identical plasma. In support of our a priori hypothesis
that soluble blood group antigens in the transfused compatible
but non-identical plasma might react with the recipients’
anti-A or anti-B antibodies, we observed a slightly higher RR
of dying within 14 days among recipients who were blood
group O (who have higher titre and greater avidity anti-A and
anti-B antibodies than have recipients with other blood
groups [23]), and among the latter, in those who had received
AB plasma (which contains greater quantities of blood group
antigens than does A or B plasma).
It has been documented that transfusion of incompatible
ABO antibody or soluble antigen leads to the accumulation
of CICs in the recipient’s peripheral blood [16]. The slightly
higher risk among recipients with blood group O, and particularly among those who received AB plasma, provides indirect
support for the hypothesis that CICs are responsible for the
increased mortality with ABO non-identical plasma [17,18].
Residual RBC stroma could also be involved in the CIC mechanism, as such RBC contamination would add to the amount
of ABO antigen in the ABO-compatible non-identical units.
However, with the top-and-bottom preparation and recentrifugation step, such contamination is likely to be too
small (compared to the soluble antigen) to be of concern in
this study.
The adjusted RR of 1·06 among our recipients exposed to
ABO-compatible but non-identical plasma may seem trivial,
but with an observed 14-day mortality of 8·99%, this RR
corresponds to a risk difference of 0·51%, or one extra death
per 195 patients transfused with compatible but non-identical
plasma over a 14-day transfusion ‘episode’ [24]. Although
the strength of the association might have been overestimated
due to residual confounding by indication, this is much
higher for example than the rate of transfusion related acute
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lung injury that has led to the exclusion of plasma from
female donors in several countries [25,26].
The major strengths of this study are the large sample size
that enabled analysis of mortality ratios by exposure dose
and in detailed subanalyses stratified by characteristics of the
recipients, follow-up without losses through complete population and death registers, and data that represent the entire
transfusion experience in two developed countries, ensuring
external validity. The limitations include the paucity of individual information on potential confounding factors, that is,
factors that are determinants of the risk of dying and that
might be unevenly distributed among exposed and unexposed patients. Confounding by unmeasured cofactors might
well explain associations of the order of magnitude observed
in our study. In particular, confounding by underlying disease
severity (which could be the result of selection bias into the
exposed subcohort) is a serious concern. On the one hand, the
choice of the ABO blood group of plasma transfused in
Sweden is not made by the patients’ physicians but by the
blood centre or blood bank, without knowledge of the clinical
state of the patient for whom the blood component is
intended. Hence, the choice of blood component will be
primarily influenced by the hospital or blood bank’s policy
(concerning ABO match) and the availability of plasma. This
would likely weaken any links between the severity of the
patient’s condition and the exposure. On the other hand, it is
conceivable, in a hospital with a policy to use only identical
plasma, that a desperate clinical situation forces the clinician
and/or the blood bank to temporarily relinquish this policy,
either due to the urgency or because the stores of identical
plasma have been depleted.
We have taken various measures to minimize confounding
by disease severity. Our estimates were adjusted for indication
in broad categories, and for total numbers of RBC and plasma
units, which, as expected, were strongly related to mortality.
Additionally, we adjusted for sex, age, and blood group, as
well as for calendar year and hospital, since confounding
could result from hospital policy regarding allocation of
identical or non-identical plasma. Conceivably, the estimated
effects of exposure to non-identical plasma could be due to
confounding by being mainly present in a population of
recipients whose greater need of blood results in them being
exposed to a mixture of identical and non-identical plasma.
This is suggested by the similar crude survival of the unexposed recipients and those receiving only non-identical plasma
(Table 1). However, in a nested case–control study in a cohort
restricted to patients who received only identical or only
compatible plasma, we found the effect estimates for exposure
to be consistent with those obtained from the whole cohort,
suggesting that such confounding has been controlled. We
have also considered the possibility that some of the exposed
patients do not just need more blood, but need it quickly, so
that the compatible plasma is given in an emergency situation.

This would again lead to confounding, as these patients are
likely to have higher risk of death. To assess the potential
for such confounding, we compared the mortality in the
unexposed recipients in our cohort and the AB recipients
(who were excluded from our main cohort) who received only
identical plasma, adjusting for all the same factors as before,
and found no significant difference in the risk for AB vs. nonAB recipients. This suggests a sufficient control of confounding
due to emergency indications in our main analysis, since the
same proportion of AB patients will have been administered
AB plasma without knowledge of their blood group as among
the other patient groups.
The excess risk we detected for compatible but nonidentical plasma, although small, is sufficiently high to have
an important impact on the population level. However,
despite our efforts to minimize confounding, this is an observational study where it is possible that there are non-causal
explanations for our findings, such as residual confounding
from unmeasured factors. Nonetheless, we find it difficult to
dismiss the observed excess mortality. We do not believe that a
larger observational study is feasible in the foreseeable future,
or indeed that such a study will be much more informative
as it will be subject to the same uncertainty regarding
confounding. Rather, a large-scale randomized clinical trial
seems to be warranted in order to confirm the safety level of
compatible but non-identical plasma. In conclusion, our
results provide an important body of evidence relevant to this
little-studied clinical question, suggesting that the concept of
‘universal plasma’ should be re-examined and whenever
possible, ABO-identical plasma should be used as the first choice.

Acknowledgements
We thank Emine Ates for help with data extraction and coding,
and Bob Biggar for a careful reading of an earlier draft of
the manuscript. Financial support was provided through the
regional agreement on medical training and clinical research
(ALF) between Stockholm County Council and Karolinska
Institutet.

References
1 Alter HJ, Klein HG: The hazards of blood transfusion in historical
perspective. Blood 2008; 112:2617–2626
2 AuBuchon JP: Meeting transfusion safety expectations. Ann
Intern Med 2005; 143:537–538
3 AABB: Technical Manual, 15th edn, pp. 411, 489–90 and 496–8.
2005. Bethesda, MD, American Association of Blood Banks.
ISBN No. 1-56395-196-7.
4 O’Shaughnessy DF, Atterbury C, Bolton Maggs P, Murphy M,
Thomas D, Yates S, Williamson LM; British Committee for
Standards in Haematology, Blood Transfusion Task Force:
Guidelines for the use of fresh-frozen plasma, cryoprecipitate
and cryosupernatant. Br J Haematol 2004; 126:11–28

© 2009 The Author(s)
Journal compilation © 2009 International Society of Blood Transfusion, Vox Sanguinis (2009) 96, 316–323

Plasma transfusion and ABO match

5 Sazama K: Reports of 355 transfusion-associated deaths: 1976
through 1985. Transfusion 1990; 30:583–590
6 Sazama K: Transfusion errors: scope of the problem, consequences, and solutions. Curr Hematol Rep 2003; 2:518–521
7 Stainsby D, Williamson L, Jones H, Cohen H: 6 years of SHOT
reporting – its influence on UK blood safty. Transfus Apher Sci
2004; 31:123–131
8 Duguid JKM, Minards J, Bolton-Maggs PHB: Incompatible plasma
transfusions and haemolysis in children. BMJ 1999:176–177
9 MacLennan S, Williamson LM: Risks of fresh frozen plasma and
platelets. J Trauma 2006; 60:S46–S50
10 Blumberg N, Heal JM, Hicks GL, Risher WH: Association of ABO
mismatched platelet transfusions with morbidity and mortality
in cardiac surgery. Transfusion 2001; 41:790–793
11 Heal JM, Liesveld JL, Phillips JL, Blumberg N: What would Karl
Landsteiner do? The ABO blood group and stem cell transplantation. Bone Marrow Transplant 2005; 36:747–755
12 Heal JM, Kenmotsu N, Rowe JM, Blumberg N: A possible survival
advantage in adults with acute leukemia receiving ABOidentical platelet transfusions. Am J Hematol 1994; 45:189–190
13 Lapierre V, Mahe C, Auperin A, Stambouli F, Oubouzar N,
Tramalloni D, Benhamou E, Tiberghien P, Hartmann O: Platelet
transfusion containing ABO-incompatible plasma and hepatic
veno-occlusive disease after hematopoietic transplantation in
young children. Transplantation 2005; 80:314–319
14 Lin Y, Callum JL, Coovadia AS, Murphy PM: Transfusion of
ABO-nonidentical platelets is not associated with adverse clinical
outcomes in cardiovascular surgery patients. Transfusion 2002;
42:166–172
15 Achermann FJ, Julmy F, Gilliver LG, Carrel TP, Nydegger UE:
Soluble type A substance in fresh-frozen plasma as a function of
ABO and secretor genotypes and Lewis phenotype. Transfus
Apher Sci 2005; 32:255–262
16 Heal JM, Masel D, Rowe JM, Blumberg N: Circulating immune
complexes involving the ABO system after platelet transfusion.
Br J Haematol 1993; 85:566–572

323

17 Berger S, Balló H, Stutte HJ: Immune complex-induced interleukin-6, interleukin-10 and prostaglandin secretion by human
monocytes: a network of pro- and anti-inflamatory cytokines
dependent on the antigen: antibody ratio. Eur J Immunol 1996;
26:1297–3001
18 Berger S, Chandra R, Ballo H, Hildenbrand, Stutte HJ: Immune
complexes are potent inhibitors of IL-12 secretion by human
monocytes. Eur J Immunol 1997; 27:2994–3000
19 Edgren G, Hjalgrim H, Tran TN, Rostgaard K, Shanwell A,
Titlestad K, Jakobsson L, Gridley G, Wideroff L, Jersild C, Adami J,
Melbye M, Reilly M, Nyrén O: A population-based binational
register for monitoring long-term outcome and possible disease
concordance among blood donors and recipients. Vox Sang
2006; 91:316–323
20 Högman CF, Eriksson L, Hedlund K, Wallvik J: The bottom and
top system: a new technique for blood component preparation
and storage. Vox Sang 1988; 55:211–217
21 Cobain TJ, Vamvakas EC, Wells A, Titlestad K: A survey of the
demographics of blood use. Transfus Med 2007; 17:1–15
22 Redman M, Malde R, Contreras M: Comparison of IgM and IgG
anti-A and anti-B levels in Asian, caucasian and negro donors
in the North West Thames Region. Vox Sang 1990; 59:89–91
23 Stussi G, Huggel K, Lutz HU, Schanz U, Rieben R, Seebach JD:
Isotype-specific detection of ABO blood group antibodies using
a novel flow cytometric method. Br J Haematol 2005; 130:954–
963
24 Reilly M, Szulkin R: Statistical analysis of donation-transfusion
data with complex correlation. Stat Med 2007; 26:5572–5585
25 Popovsky MA, Moore SB: Diagnostic and pathogenetic considerations in transfusion-related acute lung injury. Transfusion
1985; 25:573–577
26 Goldman M, Webert KE, Arnold DM, Freedman J, Hannon J,
Blajchman MA; TRALI Consensus Panel: Proceedings of a
consensus conference: towards an understanding of TRALI.
Transfus Med Rev 2005; 19:2–31

© 2009 The Author(s)
Journal compilation © 2009 International Society of Blood Transfusion, Vox Sanguinis (2009) 96, 316–323

