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Дефиниции	  
•  TRALI	  –	  острое	  повреждение	  легких	  (ОРДС),	  
связанное	  с	  переливанием	  (трансфузией)	  

•  Possible	  TRALI	  –	  вероятно	  	  TRALI	  
•  TACO	  –	  перегрузка	  (недостаточность)	  
кровообращения,	  ассоциированная	  с	  переливанием	  
(трансфузией)	  

•  TRALI	  –	  некардиогенный	  отек	  легких,	  в	  основе	  
которого	  лежит	  повышение	  проницаемости	  
эндотелия	  легочных	  капилляров,	  резвившееся	  
вследствие	  переливания	  крови	  и	  ее	  компонентов	  
(Popovsky	  V.F.,	  1983)	  



Основные	  «причины»	  
•  Цельная	  кровь	  
•  СЗП	  
•  Эритроцитарная	  масса	  
•  Тромбоцитарная	  масса	  
•  Криопреципитат	  

•  Иммуноглобулины	  (описаны	  единичные	  
случаи)	  



Распространённость	  и	  
патофизиология	  



Частота	  развития	  
•  В	  среднем	  –	  1:	  1323	  введенные	  дозы	  различных	  
препаратов	  (2008	  год)	  

•  1:4410	  доз	  эритроцитарной	  массы	  (Siliman	  C.C.,	  
2003)	  

•  1:7900	  доз	  СЗП	  (Wallis	  S.,	  2003)	  
•  1:200	  доз	  СЗП	  от	  доноров	  женщин,	  имевших	  более	  
2-‐х	  беременностей	  (Palfi	  D.,	  2001)	  

•  1:3	  дозы	  СЗП	  от	  доноров,	  препараты	  крови	  которых	  
ранее	  стали	  причинами	  развития	  TRALI	  (Kopko	  P.M.,	  
2002)	  

•  1:317	  доз	  тромбоцитарной	  массы	  (Clarke	  S.,	  1994)	  	  
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Over the past 60 years, the transfusion
medicine community has attained signifi-
cant knowledge regarding transfusion-
related acute lung injury (TRALI) through
the bedside to bench and back to the
bedside model. First, at the bedside,
TRALI causes hypoxia and noncardio-
genic pulmonary edema, typically within
6 hours of transfusion. Second, bedside
studies showed a higher incidence in
plasma and platelet products than in red
blood cell products (the fatal TRALI inci-

dence for plasma is 1:2-300 000 products;
platelet, 1:3-400 000; red blood cells,
1:25 002 000), as well as an association
with donor leukocyte antibodies (! 80%
of cases). Third, at the bench, antibody-
dependent and antibody-independent
mechanisms have been described, requir-
ing neutrophil and pulmonary endothelial
cell activation. Antibodies, as well as alter-
nate substances in blood products, result
in neutrophil activation, which, in a sus-
ceptible patient, result in TRALI (2-hit

hypothesis). Fourth, back to the bedside,
policy changes based on results of these
studies, such as minimizing use of plasma
and platelet products from donors with
leukocyte antibodies, have decreased the
incidence of TRALI. Thus, steps to miti-
gate TRALI are in place, but a complete
mechanistic understanding of the patho-
genesis of TRALI and of which patients
are at highest risk remains to be eluci-
dated. (Blood. 2011;117(5):1463-1471)

Introduction

Popovsky et al in the 1980s coined the term transfusion-related
acute lung injury (TRALI), previously called severe pulmonary
hypersensitivity reaction,1 clarified the clinical presentation of
hypoxia and bilateral noncardiogenic pulmonary edema (usually
occurring within 6 hours of a transfusion), and made the associa-
tion with leukoagglutinins in the donor.2 In 2005-2009, 48% of the
confirmed transfusion-related deaths in the US reported to the Food
and Drug Administration (FDA) were secondary to TRALI.3 At
that time, and as TRALI was being increasingly recognized as a
potentially fatal adverse transfusion event, multiple definitions
were in place. Thus, to better understand TRALI, a universally
accepted definition was required and was finally created through
working groups of the National Heart, Lung, and Blood Institute
(NHLBI), and a more universally accepted definition through the
2004 Consensus Panel statement.4 The Consensus Panel definition
is currently used in hemovigilance systems, which track transfusion
complications, and therefore improve determination of overall and
blood product-specific TRALI incidence. The data obtained en-
ables comparison of the incidence of TRALI between countries
with different practices, as well as changes in incidence secondary
to policy modifications.5

The gain in clinical knowledge of TRALI parallels increased
knowledge of its pathophysiology. Pathophysiologic studies have
included those at the bedside (hemovigilance data and clinical
trials) and the bench (laboratory investigations using in vitro, ex
vivo, and in vivo models). Through these studies, it is currently
surmised that TRALI results from neutrophil or endothelial activa-
tion, or both, by multiple mechanisms in the lung, resulting in
pulmonary edema and alveolar damage.6 Blood product substances
associated with TRALI include human neutrophil antigen (HNA)
and human leukocyte antigen (HLA) class I and II antibodies,
CD40-ligand (CD40L), and biologically active lipids. Transfusion

of these substances alone usually does not result in TRALI, because
a susceptible patient is required. Data from TRALI cases and
laboratory studies lead to the hypothesis that a susceptible
patient is an individual with activated granulocytes and/or pulmo-
nary endothelium.7

Methods have developed from benchside knowledge to mitigate
this untoward reaction. First steps have focused on blood product
modifications. Indeed, the US and some other countries have
barred donors considered high-risk (ie, those known or highly
likely to have white blood cell [WBC] antibodies) from donating
products containing a high volume of plasma. Thus, over the past
50 years, the transfusion community learned about TRALI through
the “bedside to bench and back to the bedside” approach. Each gain
in knowledge has resulted in steps to decrease the incidence of
TRALI, but more knowledge is needed to mitigate and treat this
potentially fatal transfusion reaction.

Bedside

Recognizing the clinical entity

In 1926, WBC incompatibility between the donor and recipient
resulting in severe, near-fatal reactions was recognized.8 In 1957,
recipient WBC antibodies were associated with febrile transfusion
reactions, some leading to cyanosis, weakness, apathy, and prostra-
tion. The reactions resulted from the buffy-rich, but not the
buffy-poor, fraction of the blood component.9 In 1966, transient
noncardiogenic pulmonary edema accompanying fever, cough, and
cyanosis without hypervolemia secondary to blood transfusion was
described in 3 patients.10 Until the mid-1980s, this reaction was
termed “pulmonary hypersensitivity reaction”1,11 and was associ-
ated with leukocyte antibodies in the donor against the recipient, or
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Transfusion-related acute lung injury
(TRALI) is the leading cause of transfu-
sion-related mortality. To determine TRALI
incidence by prospective, active surveil-
lance and to identify risk factors by a
case-control study, 2 academic medical
centers enrolled 89 cases and 164 trans-
fused controls. Recipient risk factors iden-
tified by multivariate analysis were higher
IL-8 levels, liver surgery, chronic alcohol
abuse, shock, higher peak airway pres-
sure while being mechanically ventilated,

current smoking, and positive fluid bal-
ance. Transfusion risk factors were re-
ceipt of plasma or whole blood from fe-
male donors (odds ratio ! 4.5, 95%
confidence interval [CI], 1.85-11.2,
P ! .001), volume of HLA class II antibody
with normalized background ratio more
than 27.5 (OR ! 1.92/100 mL, 95% CI, 1.08-
3.4, P ! .03), and volume of anti–human
neutrophil antigen positive by granulo-
cyte immunofluoresence test (OR ! 1.71/
100 mL, 95% CI, 1.18-2.5, P ! .004). Little

or no risk was associated with older red
blood cell units, noncognate or weak cog-
nate class II antibody, or class I antibody.
Reduced transfusion of plasma from fe-
male donors was concurrent with re-
duced TRALI incidence: 2.57 (95% CI,
1.72-3.86) in 2006 versus 0.81 (95% CI,
0.44-1.49) in 2009 per 10 000 transfused
units (P ! .002). The identified risk fac-
tors provide potential targets for reduc-
ing residual TRALI. (Blood. 2012;119(7):
1757-1767)

Introduction

Since 2003, the FDA has documented that the leading cause of
transfusion-related fatality has been transfusion-related acute lung
injury (TRALI),1 defined as acute lung injury (ALI)2 that develops
during or within 6 hours after transfusion of one or more units of
blood or blood components.3,4 Included in this definition are cases
of ALI after multiple transfusions, a well-known ALI risk factor.5

The condition has been under-reported since the first description
in 1985 by Popovsky and Moore,6 and the overall incidence has
been reported only by passive surveillance studies. Although
risk factors have been identified in subgroups, such as critically
ill patients7 and cardiac surgery patients,8 risk factors in recipients
and in transfused blood products (eg, antibody, bioreactive sub-
stances, older RBC storage age9) have not been identified in the
general population of transfused patients because of the lack of a
large prospective, case-controlled study. The goal of this study
was to prospectively determine incidence by an active surveil-
lance system10 implemented at 2 large academic centers. During
the course of this study, the American Association of Blood
Banks recommended the reduction of transfusion of plasma and
platelets from donors potentially harboring alloantibodies,11,12

thus making it possible to measure any change in TRALI incidence
that was concurrent with implementation of this recommendation.
The other goal of this study was to determine transfusion and
recipient risk factors by enrolling concurrent transfused controls
without TRALI.

Methods
See supplemental Methods (available on the Blood Web site; see the
Supplemental Materials link at the top of the online article).

Study design

Active surveillance of TRALI was conducted at 2 tertiary care medical
centers: the University of California–San Francisco (UCSF), San Francisco,
CA and the Mayo Clinic, Rochester, MN. Enrollment began on March
1, 2006; the case-control study ended on August 31, 2009 and surveillance
ended on December 31, 2009. All RBC and platelet units transfused during
the study period were leuko-reduced. All patients older than 6 months were
prospectively evaluated in real time for hypoxemia (PaO2/FiO2

! 300 mmHg) within 12 hours after issue of any blood component from the
blood bank, by continuous electronic surveillance of arterial blood gas
(ABG) results, and blood bank records in the hospital laboratory informa-
tion system (Oztech Systems).10 Given the 6-hour window for the acute
onset of TRALI by definition, most cases would have an ABG result within
12 hours. Cases without FiO2 in ABG reports would be missed. After
receiving an electronic alert in real time, coordinators gathered and entered
patient data into a Web-based database (QuesGen Systems) and sent an
electronic summary, including history, laboratory data, chest radiographs,
and radiologist reports of chest radiographs, to the expert panel for review,
usually within 72 hours of the alert.

Reviewers were blinded to all information regarding transfused units,
including component type. TRALI was diagnosed by concurrence of
2 expert physicians by predetermined criteria (Table 1). At least monthly,
conference calls were conducted with site investigators and coordinators,
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•  TRALI возникает в пределах 6 часов после трансфузии.   
•  Высокая частота при использовании плазмы и тромбоцитов, чем при 
трансфузии эритроцитов (со смертельным исходом случаев TRALI 
для плазмы 1: 2-300 000;  тромбоцитов, 1: 3-400 000; эритроцитов, 
1:25 002 000), а также наличие HLA  - антител  более 80% случаев).  
•  Минимизация использования плазмы и тромбоцитов доноров с HLA 
– антителами привели к снижению частоты TRALI 





Патогенез(1)	  
•  Патогенез	  TRALI	  –	  переливание	  компонентов	  крови,	  которые	  

содержат	  анти-‐HLA	  антиген	  или	  анти-‐нейтрофилов	  (HNA)	  антиген.	  
•  Несмотря	  на	  существенные	  доказательства	  причастности	  

трансфузии	  антител	  	  в	  возникновении	  TRALI,	  остается	  
неопределенность.	  Одним	  из	  важных	  наблюдений	  является	  то,	  что	  
родственные	  антитела	  не	  обнаружены	  во	  всех	  клинически	  
диагностированных	  случаев	  моделей	  TRALI.	  

•  Не	  у	  всех	  реципиентов	  при	  трансфузиях,	  содержащих	  анти-‐HLA	  или	  
анти-‐HNA	  антитела	  развивается	  TRALI.	  	  

•  Вероятно,	  что,	  кроме	  трансфузии	  имеются	  ко-‐факторы,	  связанные	  
препаратом	  	  или	  реципиентом,	  которые	  важную	  роль	  в	  патогенезе	  
TRALI.	  	  

•  Гипотеза	  –	  у	  реципиента	  должно	  быть	  основное	  заболевание	  
(заболевания),	  скорее	  всего	  иммунное,	  которое,	  приводит	  к	  
«восприимчивости»	  к	  TRALI,	  и	  который	  затем	  запускается	  
трансфузией.	  	  



Патогенез(2)	  

•  Иммунное	  TRALI	  -‐	  	  развитие	  лейкоагглютинации	  при	  
переливании	  компонентов	  крови,	  содержащих	  
антитела	  против	  лейкоцитов	  реципиента	  

•  Не	  иммунное	  TRALI	  –	  патологические	  эффекты	  
липидов,	  которые	  накапливаются	  в	  компонентах	  
крови	  при	  ее	  хранении	  





Факторы	  риска	  

•  Факторы риска  у реципиента :  IL-8, хирургия печени, хроническая 
алкогольная интоксикация, шок, высокое пиковое давление в дыхательных 
путях в процессе ИВЛ, курение, и положительный баланс жидкости.  

•  Факторы переливания: плазма или цельной кровь доноров женского пола, 
уровень  антител HLA класса  II, и  уровень  HNA  с  положительным 
результатом гранулоцитов  в тесте иммунофлуорисценции 
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Transfusion-related acute lung injury
(TRALI) is the leading cause of
transfusion-associated mortality in the
United States and other countries. In most
TRALI cases, human leukocyte antigen
(HLA) class II antibodies are detected in
implicated donors. However, the corre-
sponding antigens are not present on the
cellular key players in TRALI: neutrophils
and endothelium. In this study, we iden-
tify monocytes as a primary target in HLA
class II–induced TRALI. Monocytes be-

come activated when incubated with
matched HLA class II antibodies and are
capable of activating neutrophils, which,
in turn, can induce disturbance of an
endothelial barrier. In an ex vivo rodent
model, HLA class II antibody–dependent
monocyte activation leads to severe pul-
monary edema in a relevant period of
time, whenever neutrophils are present
and the endothelium is preactivated. Our
data suggest that in most TRALI cases,
monocytes are cellular key players, be-

cause HLA class II antibodies induce
TRALI by a reaction cascade initiated by
monocyte activation. Furthermore, our
data support the previous assumption
that TRALI pathogenesis follows a thresh-
old model. Having identified the biologic
mechanism of HLA class II antibody–
induced TRALI, strategies to avoid plasma
from immunized donors, such as women
with a history of pregnancy, appear to be
justified preventive measures. (Blood.
2011;117(2):669-677)

Introduction

Transfusion-related acute lung injury (TRALI) is the leading
cause of transfusion-associated death in the United States and
other countries.1 It typically presents within 6 hours after
transfusion as a clinical syndrome characterized by acute
respiratory distress, hypoxemia, and a bilateral pulmonary
edema on chest x-ray.2 The incidence of TRALI has been
estimated as 1/5000 for all blood components, and current
mortality rates are in the range of 5%-25%.3 All blood compo-
nents have been implicated in TRALI, but those containing large
amounts of plasma are mainly responsible.3-5 A recently pub-
lished literature review states that in 80% of all TRALI cases,
white blood cell antibodies can be identified in the implicated
blood donor,6 and most implicated donors have been women
with a history of pregnancy. Pregnancy results in alloimmuniza-
tion against paternal white blood cell antigens in 21%-24% of
women,7,8 with 3 main antibody specificities: human leukocyte
antigen (HLA) class I, HLA class II, and human neutrophil
antigens (HNAs).

The capability of antibodies recognizing either HNA9-11 or HLA
class I12,13 to precipitate TRALI has been proved in different animal
models. It is consensus opinion that neutrophil activation is the key
mechanism by which antibodies to HNA and to HLA class I
mediate TRALI,4,14 be it by direct binding to the cognate antigen on
the surface of the neutrophil9-11,13 or, in the case of HLA class I
antibodies, possibly by binding to HLA class I molecules on
pulmonary endothelial cells, which leads to neutrophil trapping by

the neutrophils’ Fc receptors and subsequent neutrophil activation
by receptor cross-link.12

Of note, it remains unclear how HLA class II antibodies can
induce TRALI. HLA class II molecules are usually not expressed
on neutrophils and endothelial cells. Epidemiologic studies, how-
ever, documented the clinical relevance of anti-HLA class II
antibodies in TRALI. Kopko et al15 were the first to report an
association between anti-HLA class II antibodies and TRALI in a
small series of patients. A number of case reports were published
subsequently,16-19 and plasma containing anti-HLA DR was shown
to cause TRALI in a healthy male volunteer in an experimental
setting.20 Currently available data from large series and published
hemovigilance reports indicate that HLA class II antibodies
matching the recipients’ antigens are present in ! 50% of all
TRALI cases and thus represent the most frequently detected
matched antibodies in implicated donors.15,21-25

HLA class II molecules can be found on alveolar macrophages,
which are unlikely to be reached by a transfused antibody before
the breakdown of the blood-lung barrier and on some blood
leukocytes, including monocytes. Kopko et al26 was the first to
demonstrate that incubation of test monocytes with serum contain-
ing anti-HLA class II antibodies increases the percentage of
cytokine-positive cells whenever the corresponding antigen was
present. This finding was corroborated by a subsequent report on
the release of leukotriene B4 (LTB4) from antigen-positive mono-
cytes being incubated with a serum containing HLA class II
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Transfusion-related acute lung injury
(TRALI) is the leading cause of
transfusion-associated mortality in the
United States and other countries. In most
TRALI cases, human leukocyte antigen
(HLA) class II antibodies are detected in
implicated donors. However, the corre-
sponding antigens are not present on the
cellular key players in TRALI: neutrophils
and endothelium. In this study, we iden-
tify monocytes as a primary target in HLA
class II–induced TRALI. Monocytes be-

come activated when incubated with
matched HLA class II antibodies and are
capable of activating neutrophils, which,
in turn, can induce disturbance of an
endothelial barrier. In an ex vivo rodent
model, HLA class II antibody–dependent
monocyte activation leads to severe pul-
monary edema in a relevant period of
time, whenever neutrophils are present
and the endothelium is preactivated. Our
data suggest that in most TRALI cases,
monocytes are cellular key players, be-

cause HLA class II antibodies induce
TRALI by a reaction cascade initiated by
monocyte activation. Furthermore, our
data support the previous assumption
that TRALI pathogenesis follows a thresh-
old model. Having identified the biologic
mechanism of HLA class II antibody–
induced TRALI, strategies to avoid plasma
from immunized donors, such as women
with a history of pregnancy, appear to be
justified preventive measures. (Blood.
2011;117(2):669-677)

Introduction

Transfusion-related acute lung injury (TRALI) is the leading
cause of transfusion-associated death in the United States and
other countries.1 It typically presents within 6 hours after
transfusion as a clinical syndrome characterized by acute
respiratory distress, hypoxemia, and a bilateral pulmonary
edema on chest x-ray.2 The incidence of TRALI has been
estimated as 1/5000 for all blood components, and current
mortality rates are in the range of 5%-25%.3 All blood compo-
nents have been implicated in TRALI, but those containing large
amounts of plasma are mainly responsible.3-5 A recently pub-
lished literature review states that in 80% of all TRALI cases,
white blood cell antibodies can be identified in the implicated
blood donor,6 and most implicated donors have been women
with a history of pregnancy. Pregnancy results in alloimmuniza-
tion against paternal white blood cell antigens in 21%-24% of
women,7,8 with 3 main antibody specificities: human leukocyte
antigen (HLA) class I, HLA class II, and human neutrophil
antigens (HNAs).

The capability of antibodies recognizing either HNA9-11 or HLA
class I12,13 to precipitate TRALI has been proved in different animal
models. It is consensus opinion that neutrophil activation is the key
mechanism by which antibodies to HNA and to HLA class I
mediate TRALI,4,14 be it by direct binding to the cognate antigen on
the surface of the neutrophil9-11,13 or, in the case of HLA class I
antibodies, possibly by binding to HLA class I molecules on
pulmonary endothelial cells, which leads to neutrophil trapping by

the neutrophils’ Fc receptors and subsequent neutrophil activation
by receptor cross-link.12

Of note, it remains unclear how HLA class II antibodies can
induce TRALI. HLA class II molecules are usually not expressed
on neutrophils and endothelial cells. Epidemiologic studies, how-
ever, documented the clinical relevance of anti-HLA class II
antibodies in TRALI. Kopko et al15 were the first to report an
association between anti-HLA class II antibodies and TRALI in a
small series of patients. A number of case reports were published
subsequently,16-19 and plasma containing anti-HLA DR was shown
to cause TRALI in a healthy male volunteer in an experimental
setting.20 Currently available data from large series and published
hemovigilance reports indicate that HLA class II antibodies
matching the recipients’ antigens are present in ! 50% of all
TRALI cases and thus represent the most frequently detected
matched antibodies in implicated donors.15,21-25

HLA class II molecules can be found on alveolar macrophages,
which are unlikely to be reached by a transfused antibody before
the breakdown of the blood-lung barrier and on some blood
leukocytes, including monocytes. Kopko et al26 was the first to
demonstrate that incubation of test monocytes with serum contain-
ing anti-HLA class II antibodies increases the percentage of
cytokine-positive cells whenever the corresponding antigen was
present. This finding was corroborated by a subsequent report on
the release of leukotriene B4 (LTB4) from antigen-positive mono-
cytes being incubated with a serum containing HLA class II

Submitted May 18, 2010; accepted September 24, 2010. Prepublished online
as Blood First Edition paper, October 28, 2010; DOI 10.1182/blood-2010-05-
286146.

An Inside Blood analysis of this article appears at the front of this issue.

Presented in part at the 52nd annual meeting of the American Society of

Hematology, New Orleans, LA, December 2009.

The publication costs of this article were defrayed in part by page charge
payment. Therefore, and solely to indicate this fact, this article is hereby
marked ‘‘advertisement’’ in accordance with 18 USC section 1734.

© 2011 by The American Society of Hematology

669BLOOD, 13 JANUARY 2011 ! VOLUME 117, NUMBER 2

TRANSFUSION MEDICINE

Mechanism of transfusion-related acute lung injury induced by
HLA class II antibodies
Ulrich J. H. Sachs,1 Wiebke Wasel,1 Behnaz Bayat,1 Rainer M. Bohle,2 Katja Hattar,3 Heike Berghöfer,1 Angelika Reil,4
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other countries.1 It typically presents within 6 hours after
transfusion as a clinical syndrome characterized by acute
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edema on chest x-ray.2 The incidence of TRALI has been
estimated as 1/5000 for all blood components, and current
mortality rates are in the range of 5%-25%.3 All blood compo-
nents have been implicated in TRALI, but those containing large
amounts of plasma are mainly responsible.3-5 A recently pub-
lished literature review states that in 80% of all TRALI cases,
white blood cell antibodies can be identified in the implicated
blood donor,6 and most implicated donors have been women
with a history of pregnancy. Pregnancy results in alloimmuniza-
tion against paternal white blood cell antigens in 21%-24% of
women,7,8 with 3 main antibody specificities: human leukocyte
antigen (HLA) class I, HLA class II, and human neutrophil
antigens (HNAs).

The capability of antibodies recognizing either HNA9-11 or HLA
class I12,13 to precipitate TRALI has been proved in different animal
models. It is consensus opinion that neutrophil activation is the key
mechanism by which antibodies to HNA and to HLA class I
mediate TRALI,4,14 be it by direct binding to the cognate antigen on
the surface of the neutrophil9-11,13 or, in the case of HLA class I
antibodies, possibly by binding to HLA class I molecules on
pulmonary endothelial cells, which leads to neutrophil trapping by

the neutrophils’ Fc receptors and subsequent neutrophil activation
by receptor cross-link.12

Of note, it remains unclear how HLA class II antibodies can
induce TRALI. HLA class II molecules are usually not expressed
on neutrophils and endothelial cells. Epidemiologic studies, how-
ever, documented the clinical relevance of anti-HLA class II
antibodies in TRALI. Kopko et al15 were the first to report an
association between anti-HLA class II antibodies and TRALI in a
small series of patients. A number of case reports were published
subsequently,16-19 and plasma containing anti-HLA DR was shown
to cause TRALI in a healthy male volunteer in an experimental
setting.20 Currently available data from large series and published
hemovigilance reports indicate that HLA class II antibodies
matching the recipients’ antigens are present in ! 50% of all
TRALI cases and thus represent the most frequently detected
matched antibodies in implicated donors.15,21-25

HLA class II molecules can be found on alveolar macrophages,
which are unlikely to be reached by a transfused antibody before
the breakdown of the blood-lung barrier and on some blood
leukocytes, including monocytes. Kopko et al26 was the first to
demonstrate that incubation of test monocytes with serum contain-
ing anti-HLA class II antibodies increases the percentage of
cytokine-positive cells whenever the corresponding antigen was
present. This finding was corroborated by a subsequent report on
the release of leukotriene B4 (LTB4) from antigen-positive mono-
cytes being incubated with a serum containing HLA class II
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In conclusion, our study indicates that antibodies against
HLA class II antigens are capable of inducing TRALI by
monocyte activation and subsequent activation of neutrophils.
Data obtained here support our previous assumption on a
threshold model of TRALI and underline the importance of
screening for HLA class II antibodies in suspected TRALI cases,
supporting current strategies to avoid plasma from female blood
donors with a history of pregnancy to reduce the number of
TRALI cases.
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В заключение, наше исследование показывает, что антитела 
против HLA класса II способны индуцировать TRALI путем 
активации моноцитов и последующей активации нейтрофилов. 
Данные, полученные здесь, поддерживает наше предыдущее 
предположение на модели TRALI и подчеркивают важность 
обследования на HLA антитела класса II при риске 
возникновения TRALI, не использовать плазму от доноров 
женского пола, имевших беременности, чтобы уменьшить 
количество случаев TRALI. 
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A b s t r a c t
Transfusion-related acute lung injury (TRALI) 

is a serious condition characterized by respiratory 
distress, hypoxia, and bilateral pulmonary infiltrates, 
which occur within 6 hours of transfusion. Several 
theories have been proposed to explain the underlying 
pathologic mechanisms of TRALI. Immune-mediated 
TRALI accounts for over 80% of reported cases and 
is mediated by donor antibodies to HLAs and/or 
human neutrophil antigens (HNA). Immune-mediated 
TRALI is most commonly associated with donor 
plasma transfusion or other blood products from 
multiparous women, which has led many countries to 
reduce or exclude women from donating high-volume 
plasma products. This policy change has resulted in 
a decrease in the incidence of TRALI and highlighted 
the importance of nonimmune-mediated TRALI, which 
is thought to be caused by bioreactive lipids and other 
biologic response modifiers that accumulate during 
storage of blood products. When TRALI is suspected, 
clinical consultation with a transfusion medicine 
specialist helps differentiate it from other transfusion 
reactions with similar characteristics.

Consult

A 32-year-old man was taken to the operating room 
after a motor vehicle accident. He had sustained pulmo-
nary contusion, and a thoracotomy was in progress to drain 
a left hemothorax. During surgery, the patient received 3 
units of leukoreduced packed RBCs. He was hemodynami-
cally stable before transfusion, but became hypotensive and 
hypoxic while receiving the third unit of RBC. The nadir 
blood pressure and oxygen saturations were 62/38 mm Hg 
and 74%, respectively. Chest radiography performed at that 
time showed increased bilateral opacification of the lungs. A 
complete blood count (CBC) collected at the time of the event 
was notable for leukopenia; his WBC count was 1.9 × 103/
ȝ/� �����î���9�/���GRZQ� IURP������î���3�ȝ/� ������î���9�/��
preoperatively. A transfusion reaction workup was ordered by 
the trauma surgeon. No clerical errors or signs of hemolysis 
were found, including a negative result on direct antiglobulin 
test. The clinical events surrounding the transfusion were 
most consistent with transfusion-related acute lung injury 
�75$/,���7KH�SDWLHQW�ZDV�JLYHQ�R[\JHQ�VXSSRUW�DQG�VWHDGLO\�
LPSURYHG� RYHU� WKH� FRXUVH� RI� KRXUV��$�75$/,� LQYHVWLJDWLRQ�
request was submitted to the donor center that supplied the 3 
units of transfused RBC. 

Questions

� ��� :KDW�DUH�WKH�FOLQLFDO�FULWHULD�XVHG�WR�GLDJQRVH�75$/,"�
+RZ�VKRXOG�WKH�SDWLHQW�EH�WUHDWHG"

 2. What are the proposed pathologic mechanisms of 
75$/,"

Upon completion of this activity you will be able to:
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recent surgery (in particular cardiac surgery), hematologic 
malignancies, and massive transfusion.25,28-30 The second 
hit occurs when transfused mediators (ie, antibodies and/or 
BRM) cause neutrophil activation and additional damage to 
pulmonary endothelium.20,24,31 

,Q� D� UHFHQWO\� SXEOLVKHG�� SURVSHFWLYH� VWXG\� RI� 75$/,��
Toy et al32 used multivariate analysis to identify patient and 
donor risk factors. The authors found that increased inter-
leukin 8 levels, liver surgery, alcohol abuse, shock, high 
peak pressure during mechanical ventilation, smoking, and 
SRVLWLYH�IOXLG�EDODQFH�SUHGLVSRVHG�SDWLHQWV�WR�75$/,��'RQRU�
IDFWRUV�DVVRFLDWHG�ZLWK�75$/,�ZHUH�IHPDOH�JHQGHU�DQG�WKH�
DPRXQW�RI�WUDQVIXVHG�+/$�FODVV�,,�RU�+1$�DQWLERGLHV�32

Although the “2-hit” theory is supported by numerous 
FOLQLFDO� VWXGLHV�� LW� IDLOV� WR�H[SODLQ�ZK\�75$/,�DOVR�DIIHFWV�
noncritically ill patients.33,34 A newly described mechanism, 
called the threshold model, aims to merge the antibody-
PHGLDWHG� DQG� WKH� ��KLW� WKHRULHV� RI� 75$/,�17 This model 
proposes a clinical threshold determined by a combination of 
donor and host factors. For example, transfusion of a blood 
product with low-titer antileukocyte antibodies may cause 
75$/,�LQ�D�FULWLFDOO\�LOO�VXUJLFDO�SDWLHQW��ORZ�WKUHVKROG��EXW�
may have no demonstrable effect on a relatively healthy 
person harboring the cognate antigens (high threshold). 
Alternatively, transfusion of antibodies or BRMs with strong 
SRWHQWLDO� WR� FDXVH� 75$/,� PD\� QRW� QHFHVVDULO\� UHTXLUH� D�
SULPLQJ�HYHQW�WR�DFKLHYH�WKH�FULWLFDO�75$/,�WKUHVKROG��

TRALI Investigation and Laboratory 
Evaluation

:KHQ�D�75$/,�UHDFWLRQ�LV�VXVSHFWHG��WKH�KRVSLWDO�EORRG�
bank/transfusion service must be contacted immediately. 
Consultation with a specialist in transfusion medicine will 
KHOS� GLIIHUHQWLDWH� 75$/,� IURP� WUDQVIXVLRQ�DVVRFLDWHG� FLUFX-
latory overload (TACO). This distinction may be difficult, 
EHFDXVH�7$&2�DQG�75$/,�KDYH�VLPLODU�FOLQLFDO�SUHVHQWDWLRQV�
❚Table 2❚. However, the distinction is critical to ensure proper 
management. A CBC performed immediately that shows new 
OHXNRSHQLD�LV�KLJKO\�VXVSLFLRXV�IRU�75$/,��7$&2�VKRXOG�EH�
PDQDJHG�ZLWK�GLXUHWLFV��ZKHUHDV�75$/,�UHTXLUHV�YHQWLODWRU\�
support with or without intubation.

2QFH� LW� LV� GHWHUPLQHG� WKDW� WKH� SDWLHQW� KDV� 75$/,�� WKH�
transfusion medicine consultant notifies the blood center, 
which contacts the donor(s) of the blood product(s) and initi-
DWHV�WHVWLQJ�IRU�+/$�DQG�+1$�DQWLERGLHV��&RQFXUUHQW�+/$�
typing of the patient should be arranged.

2QH�RI�WKH�FKDOOHQJHV�RI�+/$�DQWLERG\�VFUHHQLQJ�LV�WKH�
high sensitivity of the commonly used flow-based assays. 
&RQVHTXHQWO\�� WKH� UROH�RI�+/$� LQ�75$/,�PD\�EH�RYHUHVWL-
mated because very low concentrations of antibodies with 
unknown clinical relevance are detected.35,36 Donor testing 
for HNA antibodies is not routinely performed and only 
RIIHUHG� E\� D� IHZ� VSHFLDOL]HG� ODERUDWRULHV�� +1$� �DQG� +/$�
FODVV� ,�� DQWLERGLHV� DUH� GHWHFWHG� LQ� VHUXP�ZLWK� WKH� JUDQXOR-
F\WH� LPPXQRIOXRUHVFHQFH� WHVW� �*,)7�� DQG� WKH� JUDQXORF\WH�

]Table 1]
TRALI Diagnostic Criteria

 Consensus Definitions

ALI Acute onset; hypoxia (PaO2/FiO2 ≤300 mm Hg or oxygen saturation by pulse oximetry <90% on room air); bilateral pulmonary 
  infiltrates by chest radiograph; no evidence of left atrial hypertension (ie, circulatory overload)
NHLBI ALI developing ≤6 hours after transfusion; preexisting risk factors for ALI permissible 
CCC ALI developing ≤6 hours after transfusion; no alternative ALI risk factors permissible; possible TRALI: for patients with 
  preexisting risk factors for ALI

$/,��DFXWH�OXQJ�LQMXU\��&&&��&DQDGLDQ�&RQVHQVXV�&RQIHUHQFH��)L22, fraction of inspired oxygen; PaO2��SDUWLDO�SUHVVXUH�RI�DUWHULDO�R[\JHQ��1+/%,��1DWLRQDO�+HDUW�/XQJ�DQG�
%ORRG�,QVWLWXWH�

]Table 2]
TRALI vs TACO 

Condition Signs and Symptoms Supporting Data Pathogenesis

TRALI Respiratory distress; tachypnea;   Decrease in WBC count; bilateral HLA class I or II antibodies; human 
  hypoxemia; hypotension; noncardiogenic  pulmonary infiltrates on chest  neutrophil antibodies; biological 
  pulmonary edema; fever; onset within   radiograph  response modifiers 
  6 hours of transfusion  
TACO Respiratory distress; tachypnea; hypoxemia;  Bilateral pulmonary infiltrates on chest Transfusion of large 
  cardiogenic pulmonary edema; hypertension;   radiograph; increased heart size, vascular  volume or rapid infusion 
  tachycardia; rapid improvement with diuretics  congestion, and/or pleural effusions;   of blood products 
   pulmonary artery occlusion pressure  
   >18 mm Hg; elevated BNP

%13��%�QDWULXUHWLF�SHSWLGH��+/$��KXPDQ�OHXNRF\WH�DQWLJHQV��7$&2��WUDQVIXVLRQ�DVVRFLDWHG�FLUFXODWRU\�RYHUORDG��75$/,��WUDQVIXVLRQ�UHODWHG�DFXWH�OXQJ�LQMXU\��:%&��ZKLWH�
blood cell. 

Берлинские дефиниции 
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Abstract
Transfusion-related acute lung injury (TRALI) is one of the leading causes of death associa-
ted with transfusion of blood and blood components. The understanding of the etiology and 
pathophysiology of this syndrome has much improved during the last decades, nevertheless 
numerous issues are still unresolved and symptomatic treatment remains the cornerstone of 
medical management. Consequently more attention is directed at primary as well as seconda-
ry prevention. The awareness of the problem within the medical society is still unsatisfactory 
which results in a high number of unrecognized cases or of inaccurate diagnoses one of which 
is cardiogenic pulmonary edema. The aim of this review is to make the TRALI syndrome more 
familiar to clinicians and to emphasize how signifi cant proper medical management is both for 
the patients presenting TRALI symptoms as well as for future recipients of blood components. 
(Cardiol J 2013; 20, 4: 337–344)
Key words: transfusion, pulmonary edema, leukocyte antibodies, 
respiratory distress

Introduction

Since the fi rst successful blood transfusion 
performed by James Blundell in 1818, this pro-
cedure has become part of daily clinical practice. 
Advances in blood safety have greatly reduced the 
risk of transfusion-associated infectious disease 
transmission and blood has never been as safe as 
it is now, however, the risks associated with blood 
transfusion have not been entirely eliminated. 
One of them is the syndrome of acute lung injury 
(ALI) which leads to respiratory distress. This 
complication is the subject of our review. The 

first case of noncardiogenic pulmonary edema 
following transfusion was described by Bernard in 
1951 [1]. Thirty years later, Popovsky and Moore 
[2] suggested to give this complication the name 
of TRALI — transfusion-related acute lung injury. 
During the conference in Toronto in 2004, a panel 
of experts from the National Institute of Health 
fi nally established a clinical defi nition of TRALI 
based on ALI temporally associated with transfu-
sion and characterized by dyspnea, hypoxemia and 
bilateral infi ltrates on a chest X-ray [3]. This life-
-threatening reaction may be caused by any blood 
component that contains plasma [4, 5]. TRALI was 
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test (GAT) is usually used for anti-HNA antibody 

detection while the positive results are verifi ed by 

monoclonal antibody immobilization of granulocyte 

antigens (MAIGA) [31, 32]. When the presence of 

antibodies in the serum of recipient/donor is confi r-

med, the subsequent step involves determination 

of the corresponding antigen in the donor/recipient 

or a cross-match between recipient’s (or donor’s) 

leukocytes and donor’s (or recipient’s) plasma. 

A positive result confi rms the diagnosis of immune-

-mediated TRALI [8, 31]. For research purposes 

the capacity of antibodies to activate leukocytes 

is sometimes measured in tests of neutrophil 

respiratory burst following incubation of plasma 

suspected of inducing TRALI with neutrophils of 

healthy people [3].

It should be emphasized that antibody detec-

tion is not indispensable for TRALI diagnosis which 

is primarily based on the clinical picture [3, 27, 33]. 

The diagnostic algorithm is presented in Figure 1.

Differential diagnosis

The criteria for TRALI diagnosis presuppose 

the exclusion of all other causes leading to acute 

respiratory distress syndrome, such as: cardiogenic 

pulmonary edema, pneumonia, bacterial contami-

nation of blood components or acute hemolytic 

reaction.

The major diffi culty remains to differentiate 

TRALI from transfusion-associated circulatory 

overload (TACO), which is a result of excessive 

volume of transfused fl uid. The clinical picture of 

TACO resembles that of cardiogenic pulmonary 

edema. Apart from dyspnea and tachypnea, the cha-

racteristic features are jugular venous distension, 

Table 1. Diagnostic criteria for transfusion-related acute lung injury (TRALI) [3, in our modification].

TRALI Possible TRALI

1. Acute lung injury: 1. Acute lung injury:
    A. Acute onset of symptoms     A. Acute onset of symptoms
    B. Hypoxemia: PaO2/FiO2 < 300 or SpO2 < 90%
        (no oxygen) or other clinical signs of hypoxemia

    B. Hypoxemia: PaO2/FiO2 < 300 or SpO2 < 90% 
        (no oxygen) or other clinical signs of hypoxemia

    C. Bilateral infiltrates on frontal chest radiograph     C. Bilateral infiltrates on frontal chest radiograph
    D. No evidence of left atrial hypertension
2. No preexisting acute lung injury before transfusion 2. No preexisting acute lung injury before transfusion
3. Development of symptoms during or within 
    6 h of transfusion

3. Development of symptoms during or within 
    6 h of transfusion

4. No temporal association with alternative risk 
    factors for acute lung injury (foreign body 
    aspiration, pneumonia, inhalation of toxins,
    burns, drowning, polytrauma, drug overdose, 
    acute pancreatitis, cardiopulmonary bypass)

4. Possible temporal association with alternative 
    risk factors for acute lung injury (foreign body 
    aspiration, pneumonia, inhalation of toxins, 
    burns, drowning, polytrauma, drug overdose, 
    acute pancreatitis, cardiopulmonary bypass)

Figure 1. Transfusion-related acute lung injury (TRALI) 
diagnostic algorithm; TACO — transfusion-associated 
circulatory overload; HLA — human leukocyte antigen; 
HNA — human neutrophil antigen; LCT — lymphocy-
totoxicity test; ELISA — enzyme-linked immunosorbent 
assay; GAT — granulocyte agglutination test, GIFT — gra-
nulocyte immunofluorescence test; MAIGA — monoclo-
nal antibody immobilization of granulocyte antigens.
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Figure 1. Transfusion-related acute lung injury (TRALI) 
diagnostic algorithm; TACO — transfusion-associated 
circulatory overload; HLA — human leukocyte antigen; 
HNA — human neutrophil antigen; LCT — lymphocy-
totoxicity test; ELISA — enzyme-linked immunosorbent 
assay; GAT — granulocyte agglutination test, GIFT — gra-
nulocyte immunofluorescence test; MAIGA — monoclo-
nal antibody immobilization of granulocyte antigens.
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totoxicity test; ELISA — enzyme-linked immunosorbent 
assay; GAT — granulocyte agglutination test, GIFT — gra-
nulocyte immunofluorescence test; MAIGA — monoclo-
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•  Диагностика	  
включает	  
определение	  HNA	  
или	  HLA	  антител	  в	  
плазме	  донора	  и	  
реципиента	  	  

(Looney	  M.R.,	  et	  al.	  //	  Chest.,	  
2004.	  –	  V.126	  (1).	  –	  P.
249-‐258)	  



В	  целом	  о	  клинике!!!	  

•  Развитие	  в	  первые	  6	  часов	  
после	  переливания	  
препаратов	  крови	  (но	  могут	  
быть	  во	  время	  
трансфузии!!!)	  

•  Одышка	  
•  Кашель	  
•  Озноб	  
•  Интерстициальный,	  

альвеолярный	  отек	  легких	  
•  Лихорадка	  
•  Артериальная	  гипотензия	  

•  Острое	  начало	  
•  Нарушение	  газообмена	  	  в	  

легких	  	  
•  Повышение	  внесосудистой	  

воды	  в	  легких	  
•  Двухсторонние	  инфильтраты	  

на	  фронтальной	  РГОГК	  
•  Отсутствие	  признаков	  

острой	  левожелудочковой	  
недостаточности	  

•  Отсутствие	  ОДН	  и	  ОРДС	  до	  
трансфузии	  	  



Интенсивная	  терапия	  



•  Как и при  других формах ОРДС, нет никакого специального лечения 
TRALI.  
•  Следует избегать введения диуретиков.  
•  При подозрении на TRALI трансфузию следует немедленно 
прекратить.  
•   В легких случаях достаточно кислородотерапии  и рутинного ухода.   
•   В тяжелых случаях: ИВЛ, инфузионная терапия, мониторинг 
гемодинамики мониторинга и вазопрессоры (могут потребоваться).  
•  В редких случаях, гипоксемия в результате TRALI может быть 
настолько сильной, что может потребоваться ЭКМО. 
•   Есть данные об использовании при  TRALI глюкокортикоидов, но 
четко их роль не определена.   



Общие	  цели	  ИТ	  ОРДС	  
•  1)	  ликвидация	  заболевания,	  вызвавшего	  развитие	  ОРДС	  (проведение	  

оперативного	  вмешательства,	  хирургическая	  санация	  очага	  инфекции,	  
лечение	  шока	  и	  т.п.)	  

•  2)	  коррекция	  и	  поддержание	  приемлемого	  газообмена	  (подбор	  режимов	  
и	  параметров	  респираторной	  поддержки,	  экстракорпоральные	  методы	  
обеспечения	  газообмена)	  

•  3)	  	  улучшение	  легочного	  кровотока	  	  
•  4)	  	  гемодинамическая	  поддержка	  (инфузионная	  терапия,	  инторопные	  и	  

вазоактивные	  препараты)	  	  
•  5)	  	  экстракорпоральные	  методы	  детоксикации	  	  
•  6)	  	  нутритивная	  поддержка	  	  
•  7)	  	  седация	  и	  анальгезия	  (атарактики,	  анестетики,	  наркотические	  

анальгетики)	  	  
•  8)	  	  миорелаксанты	  только	  при	  тяжёлом	  ОРДС,	  на	  ранних	  этапах,	  

кратковременно	  (до	  48	  часов)	  





Профилактика	  (1)	  
•  Получение компонентов крови от доноров-женщин (в том 
числе цельной крови) является высоким  фактором риска и 
уменьшение этого фактора риска в 2007-2008 годах 
уменьшила частоту  TRALI - наблюдение в двух 
академических медицинских центрах с 2006 года по  2009 
году с ~ 1: 4000 до ~ 1: 12000 .  

•  Пациенты, имеющие факторы риска возникновения TRALI, 
такие септический шок, высокое PIP  (> 30 см H2O) во время 
ИВЛ. 

•  Рекомендуется уменьшить число трансфузий плазмы и 
тромбоцитов от доноров возможного высокого риска. 



Профилактика	  (2)	  
•  Ограничение показаний  к назначению трансфузии 
препаратов крови 

•  Проведение скрининга донорской крови на наличие 
антител против HLA и  HNA 

•  Исключение из числа доноров лиц, трансфузия 
компонентов крови которых послужила причиной 
TRALI 

•  Заготовка СЗП только от доноров-мужчин 
•  Использование методов лейкоредукции 
•  Применение лейкофильтров 
•  Трансфузия отмытых эритроцитов, заготовленных по 
индивидуальному подбору 



  

Благодарю за внимание!!! 
Вопросы? 

Адрес для переписки:  
gritsan67@mail.ru  
 
Желающим презентация и  
публикации в электронном  
варианте  


