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Abstract The erroneous transfusion of ABO-incompati-

ble red cells may lead to life-threatening hemolysis and

complement-induced shock, resulting in death in less than

10% of cases (acute hemolytic transfusion reaction,

AHTR). Identification of the cause of an erroneous trans-

fusion is accomplished in nearly all incidents merely by

checking the identity of the patient, blood sample and

blood bag. The erroneous transfusion is confirmed by

serological and—in the case of a fatality- immunohisto-

chemical methods. The differential diagnosis should rule

out transfusion-related acute lung injury (TRALI), other

immunologically triggered causes such as febrile nonhe-

molytic transfusion reaction (FNHTR) or allergic reactions,

but also nonimmunological causes such as bacterial con-

tamination of the blood components, transfusion-associated

circulatory overload (TACO) and other rare events such as

citrate overload or embolism (by air or debris). In the case

of a fatality, evaluation of a patient0s medical records,

serological and microbiological analyses, autopsy and

histology, taken together, clarify questions of causality.

Keywords Forensic pathology � Transfusion reactions �
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Introduction

In modern hemotherapy a variety of blood components are

available to the treating physician including red cell con-

centrate (RCC), platelet concentrate (PC), fresh frozen

plasma (FFP), clotting factor concentrates, immunoglobu-

lins and many others (see Table 1). This variety is indis-

pensable because of the variable storage conditions of the

specific components and a hemotherapy concept adapted to

the specific needs of the patient. Due to their origin from

human blood and the diverse contents of blood cell and

plasma components, the profile of adverse reactions is very

variable and very different from other medications. Since

the labile blood components RCC, PC and FFP set them-

selves apart from the more stable components such as

immunoglobulins or clotting factors especially in their

pattern of adverse events, this paper focusses on the first

mentioned group of blood components. The diversified

pattern of adverse events may be classified by time (acute

or chronic), etiology (immunological/non-immunological),

severity, type of blood component or leading symptom of

hemolysis [1, 6, 10, 11]. Table 2 summerizes adverse

events of blood components according to etiology [6].

Since the risk of the transmission of viral infections such

as HIV, Hepatitis C and B via blood components has been

minimized by optimized screening strategies, other adverse

reactions such as bacterial contamination or non-infectious

complications such as TRALI have attracted more and

more attention. The category of non-infectious complica-

tions itself consists of non-immunological and immuno-

logically triggered complications.

This paper focusses exclusively on acute adverse reac-

tions in transfusions. Occurring during or within a short

period after transfusion, acute reactions vary in etiology,

characteristics, strength, triggering blood component and
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treatment. Therefore, the correct diagnosis and assessment

of symptoms in adverse events often presents as a chal-

lenging task to the treating physician. An overview of acute

adverse effects is given in Table 3.

Immediate adverse events in transfusion

Acute hemolytic transfusion reaction (AHTR)

In acute hemolytic transfusion reaction, ABO-incompatible

donor red cells are rapidly hemolyzed by natural antibodies

(isoagglutinins) preformed in the serum of the recipient.

The blood groups A and B are carbohydrate antigens on

the membrane of the red cell. Individuals with blood group

O neither express the A- nor the B-Antigen, their serum

contains anti-A and anti-B isoagglutinins. Individuals with

blood group A possess anti-B, compared to individuals

with blood group B who possess anti-A in their serum,

while individuals with blood group AB possess neither

anti-A nor anti-B (rule of Landsteiner).

Therefore, transfused red cells from blood group O

donors are tolerated by nearly all individuals (universal

donors) with rare exceptions (i.e. Bombay blood group).

On the other hand, AB-Individuals are universal recipients

since they do not exhibit Anti-A or Anti-B isoagglutinins.

Table 1 Commonly used blood components: an overview

Type of

component

Storage and shelf life Specifications Specific adverse events

Red cell

concentrate

(RCC)

35–42 days at 2–6�C in

particular, low-vibration blood

bank refrigerators

Contains [40 g hemoglobin, leukocyte-depleted

(\1 9 106 per unit), plasma-reduced (\25 ml)

ABO-incompatibility,

development of red

cell antibodies

Platelet

concentrate (PC)

5–7 days at 20–24�C under

continuous agitation

Contains 2–4 9 1011 platelets per unit, leukocyte-depleted

(\1 9 106 per unit)

Bacterial contamination,

TRALI, development

of HLA-antibodies

Fresh frozen

plasma (FFP)

1–3 Years at -30�C Activators and inhibitors of coagulation in physiological

concentration

Allergic reactions,

TRALI

Prothrombin

complex (PPSB)

2�C up to room temperature

for years, depending on

manufacturer

Factors II, VII, IX (standard for concentration) and X,

Protein C, Protein S, Protein Z, heparine, some also AT III

Overdosage

Intravenous

immunoglobulin

(iVIG)

2�C up to room temperature

for years, depending on

manufacturer

Immunogobulins with protein concentration of 100–180 g/L,

about 85% IgG, 10% IgA, 5% IgM, also specific

hyperimmunoglobulins available

Allergic reactions, acute

renal failure

Table 2 Adverse events in blood transfusion: classification (from [1])

Non-infectious Immunological Acute hemolytic transfusion reaction (AHTR)

Delayed hemolytic transfusion reaction (DHTR)

Other types of hemolytic reactions (e.g. minor incompatibility)

Febrile, nonhemolytic transfusion reaction (FNHTR)

Allergic transfusion reactions

Post transfusion purpura (PTP): alloantibody-mediated thrombocytopenia

after red cell transfusion with innocent bystander effect

Transfusion-related acute lung injury (TRALI)

Transfusion-associated graft versus host disease (TA-GVHD)

Non-immunological Transfusion-associated circulatory overload (TACO)

Citrate reaction

Hemosiderosis

Embolism (air or detritus)

Transfusion-transmitted

infections

Transmission via blood Bacteria

Viruses

Protozoae

Helminths

Prions

Transmission via plasma

derivates

Parvovirus, HAV, HBV, HCV and HIV (extremely rare,

only when pathogen-inactivation fails)

136 Forensic Sci Med Pathol (2010) 6:135–145



T
a

b
le

3
S

y
n

o
p

si
s

o
f

ac
u

te
tr

an
sf

u
si

o
n

re
ac

ti
o

n
s

(i
n

ac
co

rd
an

ce
w

it
h

th
e

g
u

id
el

in
es

fo
r

th
e

p
re

p
ar

at
io

n
o

f
b

lo
o

d
an

d
b

lo
o

d
co

m
p

o
n

en
ts

[3
])

T
y

p
e

o
f

ad
v

er
se

ev
en

t
E

ti
o

lo
g

y
F

re
q

u
en

cy
D

ia
g

n
o

si
s

an
d

tr
ea

tm
en

t

A
cu

te
h

em
o

ly
ti

c
tr

an
sf

u
si

o
n

re
ac

ti
o

n
(A

H
T

R
)

In
m

o
st

ca
se

s
A

B
O

-i
n

co
m

p
at

ib
le

ad
m

in
is

tr
at

io
n

o
f

R
C

C
,

o
th

er
p

re
fo

rm
ed

re
d

ce
ll

an
ti

b
o

d
ie

s

1
:

2
0

,0
0

0
–

1
:

4
0

,0
0

0

le
th

al
:
*

1
:

2
5

0
,0

0
0

–

1
:

5
0

0
,0

0
0

S
to

p
tr

an
sf

u
si

o
n

,
C

h
ec

k
id

en
ti

ty
o

f
b

lo
o

d

co
m

p
o

n
en

t
an

d
p

at
ie

n
t,

R
ep

ea
t

cr
o

ss
m

at
ch

in
g

,
tr

ea
t

sh
o

ck
an

d
/o

r
D

IC
,

co
n

si
d

er
ea

rl
y

h
em

o
fi

lt
ra

ti
o

n

F
eb

ri
le

,
n

o
n

h
em

o
ly

to
c

tr
an

sf
u

si
o

n
re

ac
ti

o
n

(F
N

H
T

R
)

R
el

ea
se

o
f

ce
ll

-d
er

iv
ed

m
ed

ia
to

rs
d

u
ri

n
g

st
o

ra
g

e

o
r

an
ti

le
u

k
o

cy
te

an
ti

b
o

d
ie

s
in

th
e

re
ci

p
ie

n
t

\
0

.1
%

E
x

cl
u

d
e

b
ac

te
ri

al
co

n
ta

m
in

at
io

n
,

an
ti

p
y

re
ti

cs
,

n
o

sp
ec

ifi
c

th
er

ap
y

A
ll

er
g

ic
re

ac
ti

o
n

s
Ig

E
-m

ed
ia

te
d

re
ac

ti
o

n
v

er
su

s
p

la
sm

a
p

ro
te

in
s,

se
v

er
e

co
u

rs
es

in
p

at
ie

n
ts

w
it

h
Ig

A
-d

efi
ci

en
cy

(i
n

b
o

rn
o

r
ac

q
u

ir
ed

)

an
d

an
ti

-I
g

A
an

ti
b

o
d

ie
s

*
0

,5
%

,
an

ap
h

y
la

ct
ic

sh
o

ck
*

1
:

1
0

,0
0

0

S
y

m
p

to
m

at
ic

th
er

ap
y

ad
ap

te
d

to
se

v
er

en
es

s,
w

h
en

in
d

ic
at

ed

sc
re

en
in

g
fo

r
an

ti
-I

g
A

an
ti

b
o

d
ie

s

T
ra

n
sf

u
si

o
n

-r
el

at
ed

ac
u

te

lu
n

g
in

ju
ry

(T
R

A
L

I)

A
n

ti
le

u
k

o
cy

te
an

ti
b

o
d

ie
s

in
d

o
n

o
r

p
la

sm
a

(p
re

d
o

m
in

an
tl

y
m

u
lt

ip
ar

o
u

s

w
o

m
en

)
o

r
b

io
lo

g
ic

re
sp

o
n

se
m

o
d

ifi
er

s
in

b
lo

o
d

co
m

p
o

n
en

t
w

it
h

‘2
h

it
h

y
p

o
th

es
is

’

1
:

5
,0

0
0

–
1

:
1

0
0

,0
0

0
M

ec
h

an
ic

al
v

en
ti

la
ti

o
n

,
sc

re
en

in
g

fo
r

H
L

A
cl

as
s

I
an

d
II

an
d

/o
r

H
N

A
-a

n
ti

b
o

d
ie

s

T
ra

n
sf

u
si

o
n

-a
ss

o
ci

at
ed

ci
rc

u
la

to
ry

o
v

er
lo

ad

(T
A

C
O

)

V
o

lu
m

e-
o

v
er

lo
ad

in
p

at
ie

n
ts

w
it

h
p

re
d

is
p

o
si

ti
o

n

to
ca

rd
io

-r
es

p
ir

at
o

ry
fa

il
u

re

R
ar

e
D

iu
re

ti
c

th
er

ap
y

C
it

ra
te

re
ac

ti
o

n
H

y
p

o
ca

lc
em

ia
d

u
e

to
ra

p
id

in
fu

si
o

n
o

f
p

la
sm

a-
co

n
ta

in
in

g

b
lo

o
d

co
m

p
o

n
en

ts

R
ar

e
E

C
G

ab
n

o
rm

al
it

y
,

in
fu

si
o

n
o

f
ca

lc
iu

m

A
ir

-e
m

b
o

li
sm

D
is

co
n

n
ec

ti
o

n
o

f
cl

o
se

d
in

fu
si

o
n

sy
st

em
s

R
ar

e
R

ig
h

t
ca

rd
ia

c
d

ec
o

m
p

en
sa

ti
o

n

B
ac

te
ri

al
co

n
ta

m
in

at
io

n
C

o
n

ta
m

in
at

io
n

o
f

b
lo

o
d

co
m

p
o

n
en

t
v

ia
b

ac
te

re
m

ia
o

f
th

e

d
o

n
o

r
o

r
u

n
st

er
il

e
h

an
d

li
n

g
d

u
ri

n
g

d
o

n
at

io
n

o
r

p
ro

ce
ss

in
g

B
ac

te
ri

al

co
n

ta
m

in
at

io
n

:

R
C

C
:
*

1
:

1
0

,0
0

0

P
C

:
*

1
:

1
,0

0
0

S
ep

si
s

in
re

ci
p

ie
n

t:

*
1

:
1

0
0

,0
0

0

M
o

rt
al

it
y

:
*

1
:

2
5

0
,0

0
0

C
li

n
ic

al
sy

m
p

to
m

s
o

f
se

p
si

s,
an

ti
b

io
ti

cs
,

su
p

p
o

rt
in

g

th
er

ap
y

Forensic Sci Med Pathol (2010) 6:135–145 137



In routine transfusions, patients are transfused with ABO-

identical red cells except in emergencies or where there is

significant shortness in supply.

Generally, a mistake in blood group typing (of the donor

or the patient) or confusion in matching the blood unit to

the patient during the transfusion chain may be the trig-

gering factor in AHTR. Misstyping of the ABO blood

group in the laboratory is a more rare event. The main

reasons for ABO-incompatible transfusions are either

mistakes while drawing blood, mislabelling of tubes, or

transfusing the correct blood unit to the wrong patient (or

vice versa). Due to the varying frequency of specific ABO

blood groups in the population, the constellation of a blood

group O recipient and a blood group A unit is the most

probable event in AHTR. Nearly all severe life-threatening

hemolytic reactions are the result of the transfusion of a

ABO-incompatible red cell unit!

The incidence of an ABO-incompatible red cell trans-

fusion is approximately 1:25,000 transfusions. It has to be

recognized that the number of unreported cases may

exceed the number of reported cases. The mortality rate in

ABO-incompatible red cell transfusion is less than 10%

[6, 12]. About 1 of 250,000–500,000 transfusions turns out

to be fatal due to an ABO-incompatible red cell transfusion

[6, 10]. In general, the data about the incidence and mor-

tality rate of all adverse events in blood transfusion have to

be interpreted with caution since the rates given in the

literature vary considerably.

In the case of an ABO-incompatible red cell transfusion,

the complex of ABO-antigen and corresponding antibody

(predominantly IgM-antibodies) activates the complement

cascade leading to direct intravascular hemolysis. Later

extravascular hemolysis is triggered by the phagocytosis of

antibody-laden red cells via macrophages in the liver and

spleen.

In addition to hemolysis, activation of the complement

cascade triggers a systemic reaction similar to septic shock

syndrome (systemic inflammatory response syndrome,

SIRS) with activated complement factors, e.g. the ana-

phylatoxins, inducing a capillary leak syndrome, vasodi-

latation, chemotaxis of granulocytes, and the secretion of

histamine and serotonin with symptoms of fever, chills and

circulatory shock. Cytokines are also involved in this

cascade. The expression of Tissue Factor (TF) on mono-

cytes and endothelial cells induces activation of the coag-

ulation cascade resulting in disseminated intravascular

coagulation (DIC). In severe cases, the final stage of these

pathomechanisms is the pattern of multiorgan failure

(MOF).

The opposite constellation, that of transfusion of iso-

agglutinins in plasma to an ABO-incompatible recipient

(ABO-minor incompatibility, i.e. blood group O to a blood

group A recipient), induces hemolysis only in rare cases

(large amounts of plasma transfused, high isoagglutinin

titer in the donor), which is explained by the dilution of the

isoagglutinins in the recipient, and binding of the isoag-

glutinins to endothelial cells.

Symptoms include malaise, fever, dizziness, chills, back

pain, tachycardia and anxiety during and after the trans-

fusion. Hemolysis and hemoglobinuria. In less than 10% of

cases death occurs from acute or prolonged shock. The

diagnosis requires preservation of pre- and posttransfusion

blood samples, empty blood bags for at least 24 h) and all

documents associated with the transfusion (prescription,

cross-match protocol, patient records, results of bed-side-

tests).

Course of investigation

1. Check patient and blood bag identity: In most cases

this already reveals the cause of the incompatibility!

2. Repeat blood group typing of patient and donor/blood

bag, cross-match and screening for irregular antibodies

with pre- and posttransfusion sample.

In case of ABO-major incompatibility the cross match

will be positive!

3. Direct antiglobulin test (DAT): The DAT enables

detection of immunoglobulin (IgG, IgA and IgM) and/

or complement factors (C3c and C3d) on red cells of

the patient. In an AHTR, activation of the complement

cascade and binding of IgG isoagglutinins to the

transfused red cells (and the red cells of the patient)

leads to a positive reaction of the DAT which may be

specified with monovalent antisera. Interestingly, the

IgM-isoagglutinins which are the major players in the

activation of the complement cascade, are not detect-

able on erythrocytes in most cases, but instead there is

activation of the complement cascade with C3d-

loading of red cells.

If the DAT of the posttransfusion sample turns out to be

positive, a DAT of the pretransfusion sample should be

performed to rule out a positive reaction before transfusion.

AHTR triggered by irregular antibodies outside the

ABO system (such as Anti-Jka) should be ruled out by a

negative antibody screen (since all cells in antibody screens

are of type O, Anti-A and Anti-B isoagglutinins are not

detected). Antibody screening should be performed at least

using the antiglobulin technique.

The transfused, incompatible red cells may be demon-

strated by a ‘mixed field agglutination’ (proof of two dif-

ferent ABO red cell populations in the same sample) in

sensitive techniques such as the gel column agglutination

technique (principle: demonstration of agglutinated red

cells via passage through a gelmatrix with defined pore

size) [5, 7]. Mixed field agglutination is characterized by

138 Forensic Sci Med Pathol (2010) 6:135–145



simultaneous detection of unagglutinated and agglutinated

cells. In many cases however, incompatible red cells are

hemolyzed completely and therefore are no more recog-

nizable by this test. In this situation determination of the

isoagglutinin-titer in the pre- and posttransfusion sample

may be helpful since the titer decreases sharply immedi-

ately after transfusion, while increasing days later (in the

case of survival) and reaching higher values.

Hemolysis may be demonstrated in vitro in the super-

natant of the posttransfusion blood sample (but not in the

pretransfusion blood sample or the blood bag).

Diagnosis postmortem

The diagnosis postmortem with serological methods fol-

lows the methods mentioned above.

At autopsy, in addition to the underlying disease, there

may be signs of acute circulatory shock or, after a pro-

longed course, signs of multiorgan failure and the effects of

intensive care therapy. There are no specific findings,

microscopic or macroscopic, proving an AHTR.

In most cases the AHTR is diagnosed antemortem by the

methods already mentioned. If unexplained shock develops

during the transfusion of red cell concentrates, an AHTR

has to be considered. If the incompatible red cells are

already hemolyzed, sequestered or removed by phagocy-

tosis, demonstration by serological methods is no longer

possible (see above). Elimination from the circulation

depends on the amount of transfused cells, on the isoag-

glutinin titer of the patient and the immunological ‘fitness’

of the patient.

Incompatible residual red cells may be depicted for a

longer period by immunohistochemical staining of the A-

and/or B-antigens in a paraffin layer [8]. After a fatality

within 24 h, agglutinates of transfused red cells may be

seen in larger vessels, and small clusters of transfused red

cells may be demonstrated in the capillaries of organs

affected by shock such as the lung and kidneys. In nearly

all cases red cells or at least their membrane fragments are

present within macrophages of the liver, spleen and adrenal

cortex. In patients with a survival time of up to a week,

membrane fragments of transfused red cells may be iden-

tified within cells of the mononuclear and macrophage

system. Detection of transfused red cells is privileged in

hematomas or necrotic areas, where red cells are subjected

to destruction in a delayed manner (Figs. 1, 2, 3, 4).

Febrile, nonhemolytic transfusion reaction (FNHTR)

The febrile, nonhemolytic transfusion reaction is, next to

allergic reactions, the most common adverse event in

transfusion. It occurs in approximately 1 in 200 transfu-

sions. Cytokines (IL-1, TNF, IL-6, IL-8, RANTES,

Fig. 1 AHTR: Agglutinates of transfused A positive red cells in a

cerebral vein. Recipient’s blood group: O. Survival time: 4 h

(immunohistochemical demonstration of antigen A)

Fig. 2 AHTR: Type A red cells partially phagocytosed by hepatic

macrophages (Kupffer’s cells). Case and immunohistochemistry as in

Fig. 1

Fig. 3 AHTR: Remnants of transfused A red cells in Kupffer’s cells

of a group O recipient, status after exchange transfusions. Survival

time: 24 h. Immunohistochemistry as in Fig. 1

Forensic Sci Med Pathol (2010) 6:135–145 139



CD40L) in the blood or antileukocyte antibodies, such as

HLA-antibodies, cause FNHTR:

• Cytokines and chemokines are released cumulatively

by platelets and leucocytes during storage increasing

the risk of FNHTR with the age of blood components

(predominantly in platelet concentrates).

• In patients with repeated transfusions or prior pregnan-

cies, preformed anti-leucocyte antibodies may react with

incompatible donor leucocytes in the blood component

inducing activation and cytokin release by these cells.

Leucocyte depletion (to less than 1 9 106 leucocytes per

blood component), that is now a standard in the processing of

cellular blood components such as red cell units and platelet

concentrates, has led to a dramatic decrease in FNHTR.

Diagnosis

Clinical symptoms: During or within 4 h of transfusion

fever [ 38�C, often accompanied by chills and flushing.

To diagnose FNHTR, an AHTR or bacterial contamination

of blood components has to be excluded. Treatment with

antipyretic drugs is effective.

Serology/Microbiology: Exclusion of bacterial contam-

ination of blood components or sepsis in the patient. Where

appropriate, detection of anti-leukocyte antibodies in the

recipient (e.g. HLA-antibodies).

Allergic transfusion reactions

Allergic reactions appear shortly after the start of a transfu-

sion. The spectrum of allergic reactions is extremely broad

and ranges from mild symptoms such as a circumscribed

urticaria or pruritus to severe, life-threatening symptoms

such as bronchoconstriction or allergic shock. While mild

symptoms appear in in 1–2% of transfusions, severe reac-

tions are very infrequent (1 : 20,000 transfusions).

An allergic transfusion reaction is triggered by the

presence of IgE-antibodies directed against plasma com-

ponents. The exact determination of the triggering agent is,

however, nearly impossible. An allergic transfusion reac-

tion is most common in patients who have received pre-

vious transfusions.

A special entity in the group of allergic transfusion reac-

tions involves patients suffering from an inborn or acquired

deficiency of immunoglobulin A (in 1:700 individuals).

These patients form anti-IgA-antibodies on contact with

human plasma or in an idiopathic manner. On subsequent

exposure to plasma, anaphylactic reactions frequently

appear. If the condition has already been diagnosed, these

patients have to be transfused either with plasma from donors

with IgA-deficiency or, in the case of cellular blood com-

ponents, with plasma free (‘washed’) components.

Diagnosis

Clinical symptoms: broad spectrum from local urticaria to

anaphylaxis.

Serology: The causative agent is not identifiable in most

cases. In patients with IgA-deficiency and anti-IgA anti-

bodies either the lack of IgA (with IgA-Elisa) or the

presence of anti-IgA is demonstrable (e.g. by the gel col-

umn aggutination technique).

Pathology: In fatal cases autopsy and histology may

reveal findings similar to an anaphylactic reaction. IgA-

deficiency with the presence of anti-IgA-antibodies may be

demonstrated immunohistochemically, but in most cases

antemortem serology has confirmed the cause of the ana-

phylactic shock and death.

Transfusion-related acute lung injury (TRALI)

TRALI, a life-threatening acute lung insufficiency after

transfusion of plasma-containing blood components, has

been described as an entity in the 1980s by Popovsky and

colleagues [9]. Since the risk of transmission of fatal

infections such as HIV and Hepatitis B or C has decreased

continuously during the last decades, TRALI has gained

considerable attention. In Europe, it is estimated to occur in

aproximately 1 in 8,000 transfusions [13]. In Germany

TRALI is the second most common cause of death in

transfusion after ABO-incompatible red cell transfusion

[10]. Letality in TRALI ranges from 10 to 20%.

Fig. 4 AHTR: Transfusion of group A red cells to a group B

recipient, survival time 15 h, status after exchange transfusions:

Remnants of group A red cells exclusively in an intracerebral

hematoma. Immunohistochemistry as in Fig. 1
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Pathophysiology

The key step in the pathophysiology of TRALI is the

interaction of activated granulocytes and endothelial cells

of the lung capillaries, resulting in endothelial damage,

capillary leakage and tissue injury resulting in pulmonary

edema similar to ARDS (acute respiratory distress syn-

drome) from other causes. TRALI develops within 20 min

to 6 h after transfusion of the plasma-containing blood

product (FFP, PCs and RCCs). TRALI may be caused by

two mechanisms.

Immunological factors

Antibodies in the donor plasma (HLA class I, class II and/

or antineutrophil antibodies) trigger activation and

sequestration of recipient neutrophil granulocytes in the

capillary bed of the lung. In nearly all cases of immuno-

logical TRALI, multiparous women have been identified as

donors (rarely transfusion recipients).

Nonimmunological factors

During the storage of blood components certain metabo-

lites are released, called biological response modifiers

(BRMs), e.g. lyophosphatidylcholine. These BRMs may

trigger activation and sequestration of recipient neutrophil

granulocytes similar to the reaction in immunological

TRALI.

Both pathways of activation have in common that (in

addition to the antigen–antibody reaction in immunological

TRALI and the presence of BRMs in nonimmunological

TRALI) the affected patient harbors a preexisting patho-

logical condition that predisposes for the pathophysiolog-

ical processes described above. In particular, patients with

heart surgery and with hemato-oncological diseases under

treatment are susceptible. This phenomenom is described

as the ‘two-hit hypothesis’ [14].

Clinical symptoms

The clinical appearence of TRALI is usually very

impressive, since normal lung function converts into

an ARDS-like disease within a short period after

transfusion.

Definition of TRALI [9, 13]

The combination of the following symptoms defines

TRALI:

1. Acute onset of respiratory failure \ 6 h.

2. New acute lung injury (ALI) and no other other ALI

risk factors present (i.e. trauma, pneumonia, cardio-

pulmonary bypass).

3. Transfusion associated circulatory overload excluded.

4. Chest radiograph: Bilateral pulmonary infiltrates.

5. Hypoxemia: Ratio of PaO2/FiO2 B 300 mHg.

Serology

The serological confirmation of TRALI is a challenging

task. In immunological TRALI, all donors of the involved

blood components have to be screened for HLA class I,

class II- and antineutrophil antibodies. Optimally, if donors

with antibodies have been identified, HLA-typing of the

recipient may allow the detection of the corresponding

antigen in the recipient. The donors involved should be

asked about pregnancies or prior transfusions, and they

have to be excluded from further blood donations in the

presence of HLA- and/or HNA-antibodies.

In nonimmunological TRALI diagnosis exclusively rests

on the clinical symptoms since BRMs in the blood com-

ponent are hardly detectable.

Morphology

In fatal cases, the autopsy reveals nonspecific features of

shock lung. Histology shows an accumulation of granulo-

cytes within lung capillaries, identical to leucocyte

sequestration in ARDS. Immunohistochemically, activa-

tion and damage of endothelial cells may be demonstrated

by enhanced expression of endothelial cell activation

markers such as CD34 or CD31 [4].

Acute noninfectious and nonimmunologically

mediated transfusion reactions

Transfusion-associated circulatory overload (TACO)

In patients with reduced cardiopulmonary regulation

capacity (children and adults with cardiopulmonary dis-

ease) transfusion of significant volumes of blood compo-

nents may lead to overload of the circulatory system,

transfusion-associated circulatory overload (TACO). To

avoid this complication, transfusion speed and volume

have to be monitored very carefully in these patients.

Clinically, the symptoms of acute pulmonary edema are

present. Therapy is aimed at relieving circulatory overload

(e.g. with diuretics). Determination of brain natriuretic

peptide (BNP) or N-terminal pro-brain natriuretic peptide

(NT-pro-BNP) as a marker for congestive heart failure may

be a helpful in distinguishing TACO from TRALI.
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Citrate reaction

Blood components containing citrate in a significant

amount (plasma, platelets) may lead to hypocalcemia

especially with high volume transfusions. Acidosis, liver

insufficiency and hypothermia may aggravate the risk of

hypocalcemia, requiring careful monitoring of heart func-

tion [10].

Risk of embolism

Lethal air embolism has been described in cases where

transfusion systems have not been properly connected [10].

The risk of embolism by debris from the blood component

is very low, since the use of adequate filter systems with a

pore size of 170–230 lm in transfusion of blood compo-

nents is mandatory. Furthermore, the universal leukocyte

depletion in red cell concentrates and platelets as a stan-

dard in modern transfusion medicine has decreased this

risk [10]. The use of filters with smaller pore size (40 lm)

has not been shown to be of any additional benefit.

Bacterial contamination of blood components

The transfusion of bacterially contaminated blood compo-

nents may induce sepsis in the recipient, depending on the

amount of bacteria, the bacteria species and the clinical

condition of the recipient [6, 10]. Bacterial contamination

of blood components is either the result of subclinical

bacteremia in the donor, or contamination of the blood bag

itself, or contamination during processing of the blood

components. Starting with low numbers, growth of the

bacteria in the blood components depends on the temper-

ature of storage (e.g. species adapted to low temperatures

in red cell concentrates), the duration of storage (the risk of

bacterial sepsis via platelet concentrates is closely linked to

the duration of storage) and the specific growth conditions

of the strain involved. Autologous blood donation does not

prevent bacterial contamination of blood components.

In red cell units species adapted to low temperatures are

able to grow even under correct storage conditions of

2–6�C, reaching critical amounts especially in units close

to their expiry date. The most common species observed is

Yersinia enterocolitica. Bacterial contamination of RCCs is

responsible for transfusion-associated sepsis in 1 out of

50,000 up to 200,000 transfusions, with a fatality rate of 1

in 250,000 up to 1,000,000 transfusions. Red cell units with

discontinuation of storage at 2–6�C should be used within

6 h.

Platelet concentrates are stored at room temperature and

in plasma, creating ideal conditions for bacterial growth.

Therefore their shelf life is generally limited to 5 days (this

is also due to the rapid loss of platelet function). A

commonly observed species in bacterially contaminated

platelet units is Staphylococcus epidermidis. The risk of

bacterially contaminated platelet units ranges between 1 in

500 and 1 in 5,000, but severe events with sepsis or death

are much less common (1 : 100,000 up to 1 : 200,000). In

Germany shelf life has been reduced to 4 days by mar-

keting authority (Paul-Ehrlich-Institute, Langen) since

nearly all fatal cases triggered by bacterially contaminated

platelet units observed in the last 8 years could be adressed

to units with an age of 5 days.

Diagnosis

A transfusion-transmitted bacterial infection is diagnosed

by identification of the bacterial species in the blood bag

and the patient, if necessary also by subspecies identifica-

tion or by molecular typing.

Prophylaxis: The introduction of predonation sampling

(the removal of the first 20–40 mls of blood directly after

venipuncture which may contain skin debris contaminated

with bacteria) has decreased the incidence of bacterially

contaminated blood components by approximately 50%.

An important issue in avoiding bacterial growth in RCCs is

the compliance with storage conditions (e.g. red cell units)

and the inspection of blood components before transfusion

since signs of hemolysis in red cell units or aggregation of

platelets in platelet concentrates may indicate bacterial

contamination.

A variety of methods have been introduced to demon-

strate the presence of bacteria in blood units (e.g. incuba-

tion of aliquots, demonstration of bacterial DNA via PCR,

or oxygen consumption as an indirect sign of bacterial

growth). Unfortunately, none of these methods constitutes

a gold standard as false negative results with fatal trans-

fusion of bacterially contaminated platelet units have been

observed. While in some European countries methods for

the detection of bacterial contamination in platelet units are

mandatory, other countries have either not implemented

such methods or have stopped these strategies. A new and

promising method is the pathogen inactivation of blood

units with photochemical or photodynamic treatment

(actually only available for platelets and not for red cells).

Legal aspects in Germany

In the European community, preparation, storage and

administration of blood components are regulated on sev-

eral levels. Manufacturers of labile blood components have

to comply with Good Manufacturing Practice (GMP). The

guidelines for the preparation, use and quality assurance of

blood components regulate the criteria for the selection of

donors and the quality parameters of blood components.

Furthermore, several directives aiming at quality
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management systems, personnel, testing and release of

blood components guarantee a very high level of quality

and safety in the preparation and administration of blood

components.

In Germany, the use of blood components as drugs

licensed by market authorization (Paul-Ehrlich-Institute,

Langen, Germany) is subject to the German Drug Act

(Arzneimittelgesetz) [15]. Additionally the German trans-

fusion act and guidelines for the donation, peparation and

use of blood (hemotherapy) regulate the administration of

blood components. These guidelines make state of the art

practice legal and binding. The German guidelines are also

accessible through the official publication of all laws in that

country.

These strict regulations, which are unique in the legal

restrictions of medical treatment should ensure the safety in

blood transfusion in the wake of the scandal of transmis-

sion of HIV by blood components in the mid-1980s.

In the definition of adverse events linked to the

administration of blood components, the German guide-

lines distinguish between the incorrect transfusion of blood

components (e.g. the wrong unit to a patient) and adverse

reactions (e.g. an allergic reaction).

Generally, adverse reactions in transfusion, as with other

drug applications, follow a reporting system specified by

German Drug Law, the German Transfusion Act and the

Guidelines for Hemotherapy. Every nonsevere adverse

reaction has to be noted, documented by the treating phy-

sician, and reported to the pharmaceutical manufacturer

who, in turn, has to report such incidents to the market

authority. In severe adverse reactions (definition of severe:

leading to death, life-threatening, requiring inpatient

treatment, prolonging inpatient treatment or resulting in

disability) the market authority has to be informed within

15 days of the incident.

The physicians’ professional code of conduct in Ger-

many also specifies that a report to the Drug Commission

of the German Physician0s Society should occur after any

observed drug adverse event. Within hospitals performing

transfusion of blood components, a quality management

system describing the reporting of adverse events has to be

established.

In fatal cases linked to the administration of blood

components investigations involve the patient0s medical

record, the criminalistic and serological results, the results

of the autopsy, and the histological or immunohistochem-

ical findings to determine whether:

• The use of the blood component(s) had been a causative

factor in the adverse event;

• The adverse event is the consequence of substandard

medical practice;

• The adverse event has caused the death of the patient.

Confirmation of the chain of cause and effect in trans-

fusion-related adverse events may be very complex. For

example in the case of a TRALI, causal relationships may

be overlooked because massive pulmonary edema may be

interpreted as the result of underlying severe disease.

The question of culpability is unequivocal in cases of

ABO-incompatible red cell transfusion where the treating

physician has failed either to check the patient0s and/or

blood component’s identity, or to perform the mandatory

bed side-test. In acute transfusion-related adverse events

with shock resulting in a fatality, causality is obvious in the

majority of cases. In contrast, if masked by a life-threat-

ening underlying disease and prolonged course of the

incident, the proof of causality may be difficult.

In contrast to the AHTR, which is generally predictable

and avoidable, delayed hemolytic transfusion reaction

(DHTR) is triggered by the production of antibodies

(beyond the ABO system) post transfusionem and therefore

is not detectable at the time of pretransfusion compatibility

testing.

Generally, the German guidelines for the transfusion of

blood components [2] will be helpful in answering the

question as to whether a culpable error in treatment has

occurred.

CME Questionnaire

1. Which one of the mentioned transfusion reactions

belongs to the category of acute transfusion

reactions?

h Febrile, nonhemolytic transfusion reaction (FNHTR)

h Hepatitis C-Infection

h Post transfusion Purpura (PTP)

h Transfusion-associated GvHD

h Hepatitis B-infection

2. Which statement does NOT apply for the acute

hemolytic transfusion reaction (AHTR)?

h In most cases AHTR is the result of a confusion

(patient, component)

h In most cases, the hemolysing antibodies are only

detectable after transfusion

h AHTR is fatal in \ 30% of cases

h AHTR may be detected by immunohistochemistry

h Clinical symptoms are chills, hypotonia and back

pain

3. The most frequent cause for the AHTR is:

h The transfusion of blood group A red cells to a

blood group O recipient
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h The transfusion of a bacterially contaminated

platelet concentrate

h The presence of anti-leukocyte antibodies in the

recipient

h The transfusion of blood group O red cells to a

blood group A recipient

h The transfusion of an outdated red cell unit

4. Which statement does NOT apply for the transfusion-

related acute lung injury (TRALI)?

h TRALI may be triggered by donor antibodies

against leukocytes of the recipient

h Clinically, TRALI resembles the ARDS

h TRALI may be triggerd by biological resonse

modifiers (BRMs) in the blood component.

h In histology, TRALI impresses with the pattern of

a shock lung

h There is a discrepancy between striking lung x-ray

and normal or nearly normal blood gas analysis

5. Immunohistochemistry is a helpful diagnostic tool in

fatal cases of

h TRALI

h FNHTR

h Sepsis after transfusion of a bacterially

contaminated blood component

h Allergic reaction after transfusion

h AHTR

6. Which bacterial species is seen most common in

sepsis due to the bacterial contamination of a red cell

concentrate:

h Staphylococcus aureus

h Staphylococcus aureus

h Klebsiella pneumoniae

h Escherichia coli

h Yersinia enterocolitica

h Haemophilus influenzae

7. Which of the following statements does NOT apply

for the febrile, nonhemolytic trasfusion reaction

(FHNTR):

h The FNHTR is an immunologically triggered event

h The FNHTR, as the result of a bacteremia, is to be

treated with antibiotics

h The risk for a FNHTR is reduced by use of leuko-

cyte-depleted blood components

h The FNHTR is typically observed in multi-trans-

fused patients

h The risk for a FNHTR increases with the age of the

blood component

8. In IgA-deficient recipients there is an increased risk

for

h An AHTR

h An allergically mediated anaphylactic shock

h TRALI

h Bacterial infection

h FNHTR

9. A hemolytic episode in ABO-minor-incompatibility

is seen most frequently in

h Transfusion of a blood group A red cell

concentrate to a blood group O recipient

h Transfusion of a blood group O red cell

concentrate to a blood group A recipient

h Transfusion of a blood group O platelet

concentrate to a blood group A recipient

h Transfusion of a blood group A platelet

concentrate to a blood group O recipient

h Transfusion of a blood group A fresh frozen

plasma to a blood group O recipient

10. In which type of transfusion reaction do antibodies

against leukocytes of the recipient play a major role?

h TRALI

h FNHTR

h ABO-minor-incompatibility

h Allergic reaction

h AHTR

CME Questionnaire Answers

1. Febrile, nonhemolytic transfusion reaction (FNHTR)

2. In most cases, the hemolysing antibodies are only

detectable after transfusion

3. The transfusion of blood group A red cells to a blood

group O recipient

4. There is a discrepancy between striking lung x-ray and

normal or nearly normal blood gas analysis

5. AHTR

6. Yersinia enterocolitica

7. The FNHTR, as the result of a bacteremia, is to be

treated with antibiotics

8. An allergically mediated anaphylactic shock

9. Transfusion of a blood group A red cell concentrate to

a blood group O recipient

10. TRALI
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mann R (Hrsg.). Hämatologie und Internistische Onkologie, 2.

Auflage, ecomed; 2002.

2. Bundesärztekammer (Wissenschaftlicher Beirat). Querschnitts-

leitlinien zur Therapie mit Blutkomponenten und Plasmaderiva-
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