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m Postpartum hemorrhages with blood transfusions are increasing in many high-resource
countries. Currently, up to 3% of all women receive blood transfusion postpartum. Most
* Blood transfusions

postpartum have an in-
creased risk for trans-
fusion reactions,
especially in pregnan-
cies complicated by
preeclampsia.

blood transfusions are safe and, in many cases, are lifesaving, but there are significant
concerns about adverse reactions. Pregnancy is associated with higher levels of leukocyte
antibodies and has a modulating effect on the immune system. Our objective was to
investigate whether blood transfusions postpartum are accompanied by an increased risk
for transfusion reactions (TRs) compared with transfusions given to nonpregnant women.
We included all women who gave birth in Stockholm County, Sweden between 1990 and
2011. Data from the Swedish National Birth Registry were linked to the Stockholm
Transfusion Database and included information on blood components administered and
whether a TR occurred in women who received blood transfusions postpartum. Background
controls were nonpregnant women who received blood transfusions during the study
period. The study cohort consisted of 517 854 women. Of these, 12 183 (2.4%) received

a blood transfusion. We identified 96 events involving a TR postpartum, giving a prevalence
of 79 per 10000 compared with 40 per 10000 among nonpregnant women (odds ratio, 2.0;
95% confidence interval, 1.6-2.5). Preeclampsia was the single most important risk factor for
TRs (odds ratio, 2.1; 95% confidence interval, 1.7-2.6). We conclude that special care should
be taken when women with preeclampsia are considered for blood transfusion postpartum,
because our findings indicate that pregnancy is associated with an increased risk for TRs.

Introduction

Postpartum hemorrhage is the most frequent cause of maternal mortality and morbidity worldwide." In
high-resource countries, the number of women who require blood transfusions as a result of postpartum
hemorrhage ranges from 2 to 30 per 1000 deliveries, and the figure continues to rise.?®

Although the majority of blood transfusions are safe, adverse transfusion reactions (TRs) and
transfusion-transmitted infections are a reality.>” TRs have different symptoms, depending on their
pathophysiologies. The spectrum of symptoms ranges from mild, such as febrile or urticarial
reactions, to severe; in some cases, reactions can be life-threatening. Deaths linked to TRs have
been reported at a rate of 1 per every 100000 transfused units.®

TRs can be dichotomized as immunological/nonimmunological or acute/delayed. They differ in
frequency, definition, management, and risk profile.®'® Knowledge of these adverse effects is
essential before prescribing a blood transfusion and may, in some cases, result in opting for an
alternative to blood transfusion. The most common TRs are the febrile nonhemolytic reaction and,
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since 2006, transfusion-related circulatory overload, with a regis-
tered frequency of 0.1 to 1.0 in 100 transfusions.'®'® The more
serious reactions are rare and include anaphylactic TRs, septic
TRs, acute hemolytic TRs, delayed hemolytic TRs, transfusion-
related acute lung injury (TRALI), and transfusion-associated
graft-versus-host disease.®'%'4'°

HLA and neutrophil antibodies are associated with TRs and most
often cause mild nonhemolytic reactions with fever and chills;
however, the development of TRALI has also been linked to
leukocyte antibodies in the donor or the recipient."®'” During
pregnancy, the maternal immune system is altered with
induced tolerance and immunization against fetal antigens.
On the other hand, higher levels of HLA antibodies are
observed in most pregnancies, especially in multiparous
women.'® These circumstances may increase the risk of TRs
during pregnancy.'”'® The prevalence of red cell, leukocyte,
and platelet antibodies is known to increase in women with
previous pregnancies'”?°; however, the incidence of TRs in
women receiving blood postpartum is not known.

The objective of our study was to assess the incidence and risk
factors for postpartum TRs in women transfused with red blood
cells (RBCs), plasma, or platelets postpartum.

Methods

In this retrospective population-based cohort study, we included all
women who gave birth at >22 + 0 (22 weeks and O days)
gestational weeks in Stockholm County between 1990 and
2011. By use of the mother's personal identification number,
data on pregnancies and deliveries from the National Medical
Birth Registry were cross-linked to the Stockholm transfusion
database (ProSang; Databyran, Stockholm, Sweden). The
National Medical Birth Registry, initiated in 1973, has been
validated and is of high quality.?"? All transfusions of blood
components within Stockholm County have been registered
in the Stockholm transfusion database since the beginning
of 1980, with full coverage since 1985. According to the
regulations of the National Board of Health, all transfusions must
be reported. As a result, >99% of all transfused units are
traceable to an individual through the system. The data include
the personal identification numbers and blood group of donor
and recipient, the unique serial number of the blood component,
the time when the blood component was issued, whether
the blood was transfused or returned, and whether a TR was
reported. In Sweden, a National Hemovigilance Register began
in 2005; however, in Stockholm County, TRs have been
registered since 1980. Unexpected reactions that occurred in
conjunction with a blood transfusion were reported directly by
the clinicians involved, and the specific blood product was
returned to the blood bank where the TR was entered into the
transfusion database. The TRs were not registered by type, but
they included acute febrile nonhemolytic mild allergic hypoten-
sive acute hemolytic TRALI, septic reactions, posttransfusion
purpura, anaphylactic reactions, and later-occurring transfusion-
associated graft-versus-host disease. Transfusion-associated
circulatory overload was included after 2006. Women with
a TR postpartum were compared with the general pregnant
background population and with nonpregnant women younger
than 51 years of age in the Stockholm area who had received
a transfusion during the period studied. The incidence of TRs
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may vary with age. Because most nonpregnant women who
receive blood transfusions are older than the pregnant popula-
tion, only women younger than 51 years of age were included in
the background population.

The final data were merged and anonymized. We identified women
with transfusions of RBCs, plasma, or platelets and whether a TR
was registered within 7 days of partus. The process of inclusion is
illustrated in the flowchart in Figure 1.

The combined data set included information on age, ethnicity, body
mass index (BMI), smoking, previous deliveries, prior cesarean
sections, in vitro fertilization pregnancy, multiple pregnancies, date
of delivery, diagnostic and procedural codes during pregnancy and
delivery (using the International Classification of Diseases, Ninth
Revision and International Classification of Diseases, Tenth Re-
vision), mode of delivery, blood group, number of transfused units
(of blood, plasma, or platelets), sex of the donor, and whether a TR
occurred. Placenta previa and placenta accreta were combined
into a single variable: placenta previa/accreta. We are presenting
data for the women, not the newborn (ie, duplex pregnancies
were treated as 1 case). Data on possible risk factors are presented
separately for maternal and pregnancy variables (Table 2) and for
transfusion-related variables (Table 3).

Plasma components are not well standardized. In Sweden, fresh-
frozen plasma or liquid plasma stored for up to 14 days was used
during the study period. Cryoprecipitate was not used during the
study period. Since 1999, universal leukocyte reduction has been
used for all patients receiving blood components, with no special
consideration regarding pregnancy. Beginning in 20086, only
male donors were used in all plasma transfusions. Platelets were
a pooled product from several donors or prepared from
apheresis; preparation was the same in the pregnant and the
nonpregnant populations.

The study was approved by the Regional Ethics Committee in
Stockholm (2016/17-31/1).

Statistical analysis

All statistical calculations were performed using SPSS version
22 software (SPSS, Chicago, IL). Odds ratio (OR) was used as
a measure of risk. Crude and adjusted ORs with 95% confidence
intervals (Cls) were calculated using cross-tabulation and logistic
regression analysis. TR was the dependent variable in the logistic
regression analysis. Selected independent maternal variables with
P < .1 were included in the multivariate analysis (age, ethnicity,
prior deliveries, previous cesarean section, multiple pregnancy,
preeclampsia, placenta previa/accreta, induction of labor, mode
of delivery, placental disorders, and premature birth = 34 + 0).
Data on BMI were missing in almost one third of all pregnancies
and were not used in the multivariate analysis.

Continuous variables were categorized where appropriate. The
Student t test or the Mann-Whitney U test was used for normally
and nonnormally distributed continuous data, and the X2 test or
Fisher's exact test was used for categorical data, as appropriate.
P < .05 was used to define statistical significance for all analyses.

Results

During the study period, 517854 pregnancies (with 525534
newborns) had been recorded and were included in the analysis
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(Figure 1). Three women whose medical birth registry data were
missing were excluded. At the time of delivery, 510268 women
had singleton births and 7,606 (1.47%) woman had multiple
births. Blood transfusion of =1 unit of RBCs from the time of
delivery to 7 days postpartum occurred in 11842 pregnancies
(2.3%).

Among the 48352 units of blood components transfused post-
partum, 208 units (0.4%) were registered as having resulted in
a TR. We found 96 women with a TR (79 per 10000) among the
12 183 pregnant women receiving =1 transfused unit of RBCs,
plasma, or platelets compared with 360 women with a TR (40 per
10 000) among the 89 684 nonpregnant women in the background
population who had a blood transfusion (OR, 2.0; 95% Cl, 1.6-2.5)
(Figure 2). There was no difference in mean age between the
pregnant population and the nonpregnant background population.
The number of blood components was higher than the number of
women registered with a TR because, in cases with simulta-
neous transfusion of RBCs, plasma, and platelets, it was impossible
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to identify which component caused the TR; hence, >1 component
was registered.

The unique event of a TR linked to an RBC unit was reported in
78 of the 11842 (0.7%) pregnant women receiving an RBC
transfusion compared with 252 of the 69087 (0.4%) non-
pregnant women who had an RBC transfusion during the same
period. This indicates an 80% increased risk for a TR in women
postpartum (OR, 1.8; 95% ClI, 1.4-2.4) (Figure 2). The frequency
of a TR was highest in women transfused with 1 unit of RBCs
(5.5%; 21/385) and lowest in women transfused with 2 units
of RBCs (0.3%; 23/7001). In women receiving massive trans-
fusions (=10 units of RBC within 24 hours), the TR rate was
1.9% (Figure 3).

Table 1 shows maternal and infant characteristics, including data on
delivery, for the pregnant background population, women receiving
=1 RBC transfusion, and women with a TR postpartum. Compared
with all pregnancies involving a blood transfusion, pregnancies
with a documented TR were more common in women with
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Figure 2. Frequency of reported TRs with corresponding

1.0% A
OR (95% CI). Transfused women includes all women with RBC,
plasma, or platelet transfusion. Total units is all units of RBCs,
plasma, and platelets transfused. 0.9% -
0.8% A

0.7% A

0.6% A

0.5% A

U with transfusion reaction

0.4% A

0.3% A

0.2% A

0.1% -

Transfused women
OR=12.0(1.6-25) OR=1.8(1.4-2.4) OR=2.1(1.8-2.4) OR=1.8(1.5-2.1)

B Background population, non-
pregnant women (age < 51)
transfused (n = 89,684)

B Women transfused at delivery
and within 7 days postpartum
(n=12,183)

Women with RBC Total units RBC units

preeclampsia, induction of labor, placental complications, or a pre-
mature delivery at <34 weeks. The number of previous deliveries,
age, or smoking did not increase the rate of a TR.

In Table 2 we present crude and adjusted ORs with their 95% Cls
for possible risk factors for a TR. In the multivariate regression
analysis, only preeclampsia, induced labor, and premature birth at

6.0% A

5.0% A

4.0% A

3.0% A

Rate of transfusion reaction

2.0% A

1.0% A

0.0% -

Non-pregnant

Pregnant women Pregnant women

women any RBC units 1 RBC units
any RBC units (n=11,842) (n=2385)
(n=69,087)

Pregnant women
2 RBC units
(n=17001)

Pregnant women
> 2 RBC units
(n=4,456)

Pregnant women
> 4 RBC units
(n=1,355)

Pregnant women
> 9 RBC units
(n=309)

Number of RBC units transfused

€ blood advances

Figure 3. Rate (%) of TRs in relation to the number of transfused RBC units in pregnant and nonpregnant women.
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Table 1. Maternal and newborn characteristics

Characteristics Background (n = 506 032) 21 RBC (n = 11842) TR (n = 96)
Maternal characteristics
Age, y
<20 7077 (1.4) 171 (1.5) 2 (2.1)
20-34 387323 (76.5) 8825 (74.5) 65 (67.7)
35-39 92590 (18.3) 2285 (19.3) 24 (25.0)
40+ 19042 (3.8) 561 (4.7) 5 (56.2)
Mean (SD) 31 (5.1) 31 (5.3) 32 (5.6)
Ethnicity (non-European) 84704 (16.7) 2468 (20.8) 24 (25.0)
BMI, kg/m?
<20 20058 (5.9) 499 (6.1) 6 (9.4)
20-30 301834 (88.5) 7139 (87.5) 52 (81.2)
31-35 13942 (4.1) 364 (4.5) 3 (4.7)
>35 5283 (1.5) 155 (1.9) 3 (4.7)
Missing, n 164915 3685 32
Smoker 50041 (9.9) 934 (7.9) 9 (9.4)
Blood group O 191521 (37.8) 4618 (39.0) 39 (40.6)
Previous deliveries
0 230570 (45.6) 7208 (60.9) 56 (58.3)
1 185318 (36.6) 3117 (26.3) 30 (31.3)
=2 90144 (17.8) 1517 (12.8) 10 (10.4)
Previous CS 41592 (8.2) 1396 (11.8) 12 (12.5)
Diabetes mellitus 1894 (0.4) 71 (0.6) 1 (1.0)
Pregnancy and delivery related
Multiple pregnancy 6924 (1.4) 682 (5.8) 9 (9.4)
IVF 8708 (1.7) 467 (3.9) 4(4.2)
Preeclampsia 11511 (2.3) 796 (6.7) 18 (18.8)
Labor induction 51701 (10.2) 2235 (18.9) 29 (30.2)
Mode of delivery
Vaginal (spontaneous) 388950 (76.9) 6365 (53.7) 52 (54.2)
Instrumental vaginal 38606 (7.6) 2075 (17.5) 14 (14.6)
CS 78476 (15.5) 3402 (28.7) 30 (31.3)
Placenta previa/accrete 940 (0.2) 259 (2.2) 4 (4.2)
Placental abruption 1103 (0.2) 225 (1.9) 4 (4.2)
PPH/atonic 10354 (2.0) 1726 (14.6) 14 (14.6)
Newborn characteristics
Premature (<34 + 0), wk 10387 (2.1) 688 (5.8) 12 (12.5)
Birth weight >4000 g 90697 (17.9) 2976 (25.1) 21 (21.9)
Male sex 259958 (51.4) 6061 (51.2) 51 (53.1)

Unless otherwise noted, all data are n (%).

CS, cesarean section; IVF, in vitro fertilization; ; PPH, postpartum hemorrhage; SD, standard deviation.

<34 weeks were significant factors (OR, 2.0; OR, 1.7; and OR, 1.7;
respectively). There was no significant difference in risk regarding
the proportion of female blood donors. The plasma or RBC donor
was female in 52.2% of all cases among pregnant women and in
47.1% of all cases among women in the nonpregnant background
population (Table 3). TRs were more common when a combination
of blood components was administered (P < .001). There were no
differences by blood group or frequency of erythrocyte antibodies in
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women with or without a TR. No deaths occurred among women
with a TR.

Discussion

We found the incidence of TRs among women who received
a postpartum transfusion of RBCs, plasma, or platelets to be
79 per 100000 (0.8%), a doubled risk (OR, 2.0) compared with
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Table 2. Maternal and pregnancy characteristics associated with a TR

Total deliveries Women transfused TR cases TRt adjustedt
Risk factor (n = 517874) (n =12183) (n = 96) TR* crude OR 95% Cl OR 95% CI
Maternal characteristics
Age, y
=34 403 396 9253 67 1.0 (ref)
35-39 94875 2351 24 1.5 1.0-2.4 1.4 0.9-2.8
=40 19603 579 5 15 0.6-3.8 1.2 0.5-3.0
Ethnicity
European 433170 9637 72 1.0 (ref)
Non-European 84704 2546 24 1.6 1.0-2.6 1.3 0.8-2.1
Previous deliveries
0 237778 7420 56 15 1.0-2.3 0.8 0.5-1.3
1 188435 3196 30 1.0 (ref) ref
=2 91661 1567 10 0.7 0.3-1.4 0.6 0.3-1.2
Previous CS
No 474886 10735 84 1.0 (ref)
Yes 42988 1448 12 1.6 0.9-2.9 1.1 0.5-2.1
Pregnancy complications
Multiple pregnancy
No 510268 11479 87
Yes 7606 704 9 6.9 3.5-13.8 1.4 0.7-2.8
Placenta previa/accreta
No 516675 11911 92 1.0 (ref)
Yes 1199 272 4 18.5 6.8-50.3 2.2 0.8-6.4
Preeclampsia
No 505567 11116 78 1.0 (ref)
Yes 12307 1067 18 9.3 5.6-15.6 2.0 1.2-35
Variables at delivery
Induction of labor 53936 2284 29 3.7 2.4-5.8 1.7 1.1-2.9
Mode of delivery
Spontaneous vaginal 395 169 6456 14 1.0 (ref)
Instrumental vaginal 40819 2082 52 2.6 1.56-4.7 0.8 0.4-15
Cs 81886 3645 30 2.9 1.8-4.7 0.8 0.5-1.3
Placental disorders
Placental abruption 1328 229 4 17.0 6.2-46.2 2.6 0.9-7.3
PPH and uterine atony 12080 1730 14 8.4 4.7-14.8 1.1 0.6-1.9
Newborn characteristics
Premature (=34 + 0 gw) 11075 797 12 6.5 3.6-12.0 1.7 1.0-3.7

gw, gestational weeks; ref, reference.
*Background = total deliveries.
tBackground = all women who received a blood transfusion postpartum (n = 12183).

$Adjusted for age, ethnicity, previous deliveries, previous CS, multiple pregnancy, placenta previa/accreta, preeclampsia, induction of labor, placental disorders, and premature birth

=34 gw.

nonpregnant women (Figure 2). The postpartum risk of an adverse
reaction after transfusions of RBCs only was increased by 80%
(OR, 1.8); nevertheless, the overall risk remained low. Compared
with the background pregnant population, women with preeclamp-
sia (OR, 2.0), induced labor (OR, 1.7), or premature delivery
(OR, 1.7) were at increased risk for a TR. The risk increased
significantly when a combination of all 3 types of blood components
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was administered (Table 3). This might be explained, in part, by
the higher risk of a TR from plasma and platelet units compared
with RBC transfusions exclusively. On the other hand, there might
also be an indication bias because sicker patients, with an
increased risk for TRs, need broader transfusion support. The
highest frequency of TRs (5.5%) was seen among women
receiving only 1 unit of RBCs compared with women receiving
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Table 3. Transfusion characteristics among pregnant women with or
without a TR

Characteristics No TR (n = 12087) TR (n = 96) P

Transfusion entity and combinations

RBC units, median (IQR) 2 (2-4) 3 (2-5)

Plasma units, median (IQR) 2 (2-4) 2 (2-5)

1 unit RBCs 364 (3.0) 21 (21.9) <.001

=10 units RBCs 303 (2.5) 6 (6.3) .020

RBCs only 9721 (80.4) 56 (58.3) <.001

Plasma only 278 (2.3) 2 (2.1) .888

RBCs + plasma 2028 (16.8) 37 (38.5) <.001

RBCs + plasma + platelets 319 (2.6) 13 (13.5) <.001
Transfusion characteristics

Blood group AB (mother) 651 (5.4) 7 (7.3) 411

Blood group A (mother) 5129 (42.4) 37 (38.5) 447

Blood group B (mother) 1604 (13.3) 13 (13.5) .938

Blood group O (mother) 4703 (38.9) 39 (40.6) 731

Blood group RH+ (mother) 10395 (86.0) 82 (85.4) .869
Donor characteristic

Female donor of RBCs, plasma* 1099021 (47.1) 106 (52.2) 147

Unless otherwise noted, all data are n (%).

IOR, interquartile range.

*Female donor of RBC and plasma units: comparing the background consisting of all
nonpregnant women (2 331584 units) with women with a TR postpartum (203 units).

massive blood transfusions, where TRs were registered at 2%.
Massive blood transfusion postpartum is reported to occur in 2 to 9
per 10000 deliveries (L.T., AW., M\W., and P.G.L., manuscript
submitted May 2019).32%24 The high prevalence of TRs in women
receiving only a single unit of RBCs may have several explanations.
The most probable reason is that further transfusions were
avoided as soon as symptoms of an adverse TR appeared, as is
recommended in Sweden.

We found no differences by donor sex or blood group. Our finding
that female blood donors are not overrepresented among recipients
who experience a TR is in contrast to other reports indicating an
increased risk for TR in transfusions from female donors.?® Before
the introduction of leukoreduced blood products and the use of
predominantly male plasma, the risk of TRALI was reported to be
sevenfold higher in plasma transfusions from female donors.?®
Since 2008, plasma transfusions from female donors have not been
used in Sweden, which might explain our findings. TRALI is very
rare today.

TRs have been reported to occur in 0.15% to 3.7% of all blood
transfusions, with the transfusion of platelets resulting in the highest
prevalence.?®?” In a study from the United States, the overall rate
of TRs was reported to be 0.27%, which is similar to our finding of
0.40% among nonpregnant women younger than 51 years of
age.?® The wide range in prevalences could be due to differences in
patient characteristics, reporting systems, and the criteria used to
identify a TR, as well as variations in the methods used to prepare
blood components.

We speculate that 1 possible explanation for the increased TRs
seen in pregnancy is the higher levels of antibodies against
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HLA or human neutrophil antigen and other antigens expressed
on leukocytes, platelets, and RBCs. Antibodies toward HLA are
seen in 10% to 50% of all pregnant women and seem to increase
with the number of pregnancies.”'29 However, we failed to
note any increased risk in multipara, which contradicts the
aforementioned data.

TRALI is now a rare clinical diagnosis; it is characterized by an
increased rate of ventilation and acute hypoxemia, followed by
a noncardiogenic pulmonary edema (with bilateral infiltrates on
chest radiograph) during or within 6 hours of a blood transfusion.®°
The mechanism of TRALI is not fully known, but the most
accepted pathogenic theory is a 2-event model. In the first event,
a clinical condition, such as critical iliness, transplantation surgery,
or infection, results in activation of the pulmonary endothelium
and neutrophil sequestration, which enhances the sensitivity of
a subsequent triggering signal. In the second event, the “primed”
neutrophils are activated by a biological factor/signal in the blood
product being transfused, resulting in damage to the pulmonary
endothelium and leading to increased vascular permeability and
pulmonary edema.®'®® Preeclampsia is related to endothelial
dysfunction and could theoretically be an equivalent condition
that activates the endothelium, as in the first event.2*3° When
a later blood transfusion occurs, it might trigger a development
similar to TRALI. Hypertensive disorders, such as preeclamp-
sia, and increased levels of specific RBC antibodies during
pregnancy have been associated with TRs.®®3” Our findings,
indicating a twofold increased risk for TRs in women with
preeclampsia, could be a result of endothelial damage. A study
by Teofili et al reported a much higher increased risk for TRALI in
women with a pregnancy-related hypertensive disorder (OR, 28),
but they used a different study design specifically focusing on
TRALL®® The investigators retrospectively identified signs of
possible TRALI among all women receiving postpartum blood
transfusions; however, they only included women who had
received =3 units of RBCs, which might explain their higher risk
estimates.

Amniotic fluid embolism (AFE) is a severe pregnancy complication
with a striking clinical resemblance to TRALI, usually presenting
as an anaphylactoid reaction at delivery or shortly thereafter.%®3°
Risk factors include abnormal placentation, induction of labor,
and hypertensive pregnancy conditions (ie, the same as those for
TRs).383% Thus, our findings are in agreement with the prior
speculation that AFE might be caused by an incompatible feto-
maternal blood transfusion triggering an acute hemolytic TR.*°
Kobayashi suggested a broader definition of AFE as an anaphylac-
tic/anaphylactoid syndrome of pregnancy.*’

Strengths and weaknesses

A major strength of our study is its large size and the use of a single
high-quality transfusion database rather than voluntary International
Statistical Classification of Diseases coding in medical journals.
In addition, we were able to compare rates of TRs between
a large nonpregnant background population (0.4%) and a well-
characterized pregnant population (0.8%) (P < .001), using
the same reporting system and definition of TRs in a unified
transfusion database. The nonpregnant background population
was age matched to the pregnant population and consisted
of all women younger than 51 years who had not received
a blood transfusion between 1990 and 2011; however, our
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investigation does not have the advantages of a prospective
study and is dependent on the thoroughness of the reporting
clinicians. Another limitation is that we did not have access to
the type of TR in each case, nor did we have data on transfusion
history or ethical permission to enter each medical file. The
registration of adverse events started in 1980, and it became
mandatory to report severe cases after 2005. As a result, there
might be some underreporting in the first half of the study
period. In addition, there might be different reporting from
pregnant women of which we have not been aware. However,
our aim was to identify risk factors for TRs in women
postpartum, comparing the incidence of TRs in a group of
obstetric patients with all nonpregnant female transfusion
recipients. A final weakness in evaluating TRs is the lack of
internationally agreed-upon definitions; however, these limita-
tions are likely to be shared by the TR cases and the
background population in our study.

We found that TRs occurred twice as often among pregnant
women as in the nonpregnant background population. Pre-
eclampsia, induced labor, and preterm delivery were significant
risk factors for TR, but we found no differences due to parity,
donor gender, or blood group. Although most blood transfusions
are safe and, in many cases, lifesaving, the risk of adverse TRs
should be considered when deciding whether a blood trans-
fusion is necessary.®2®*? Our findings suggest heightened
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