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154 RN MER Ik RR

#<0U « R TRR B MR B

1. A FIE 1996 F4E

2. R ~ (5B 1998 4 PY H 2

3. JEER 1998 - H it

4. £ 1998 £ LA

5.5 T ~ B (Malta) ~ ¥t ~ #0ELE 1999 F4E
6. HZ 1999 4,5 F

7. %K 1999 £ F #E

(I & 5 EE TRALT'™ o 45 4 4% {8 ) & 1 77
B 1 42 2 R K TRALL B 55 4 B 25117777 o fg]
a0 > Ul 5 MR R AT e s AR > BB R
12 2258 ) /F HLA antibodies FA& I Y o A {8 32 E
AL A B PR A SR RER - 12003 12005 4
— A 550 I8 i 11 A< H S 22 14 170 % 4 TRALL »
HA B EAYE 71% 52 B MRS TR IR I &
(WBC antibody-positive)'” ° 7 — F HH — ki X
B HZMT N AR e AT 30 KA SE TR
R > Al MR I B A D I ER T RE
15 E M D AP TR o LR BT PERY R 5215
RE SR AN RE AT DR “HEBR (o FH 22 1R 48 1 & 1 4%
AR AR K 2 i L A R A A 45 5 o
AN R Ze PR B R AR > RS AR B B R
FIEL Be rh a8 5 @ B (X TRALI Y34 © - HRiTAT
FIR RS > {58 FIRREAR 1 I B L iy 2 e [ s g 3 (3%
PU) > 3R 7 2004 5 A7 46 45 1F 55 14 1 9% i A
995 R8T 22 P A U P A S o 3 S8 o
FI & 1996 4 J (2] Bl i A {5 FH 2 MY fresh-frozen
plasma Z 1% » TRALIFJ Flk KlE T F%© - £
Ifil J&i £ € AABB ( American Assocation of Blood
Banks ) 7£2006 5 11 H 3 H 23 20 P 48 i # 14 1
AR A A I v B L > i AP 2 25 i 7
K 12 80RL T Er - B 0 e o (s P SR 1
IM& > 7% 172 MR A5 o I fe th 2% i BREE -
{H 38 Big 2 45 k2 LAREE £ A 2 BR il i 1 7 77 =X
W 7[R RS AR % 46 fh o BRI 17 I v iy B -
BRI o

+=a

QA

R _E o A A (A S T R R R B e
FEH 2N BB PR EERAG R
1258 TRALI ° 18 BGET 2 K f3 1R 2 Yl K TAF&
il AN+ 73 #258 TRALT B S ATESIR » I kA

—{[E 8 B2 1T 25 By R ig ) L B AR Z2 | TRALI » i
HtE R T R LBIATE » KILEER
IRILT > TRALI A5 512 i B A 1 © - D
EHREEEE S LR e o SR TRALI
AN R REBGERI IR - 2 o IR
Fif 6 T B S R B R S A IR0 - 5 — B4 TRALL
5| A RTBER 8 A2l 2 — R E B -

F B A B S E MR B R R
TRALI{ /& — & WA B i 78 R A - {HH 3
U H SR AR r = sy 1 A A
TP R S 5 ¥ T A A B 9% K 4 TRALLIIT) B
G o (HZ5 50 2 2 o i i 7 R SR B i
BTN » s BRI 2 ] LIV RS A
BOFEEE S o THFERURIMERTR AT » e
JERL M ER T = ARG 34 RGN » 2 E
ML 55— D BUR > B — BB IR 7 e
B AR ATER M > # ARG 2R LW
(8%-10%) » MR LFIITEZR ERE® -

F A I/ MIFE 22 B2 TRALLEFZ 09 £ €6 DL K
FHBH R PR SEY R IR VB AR > BUES T TRALLAT
ARG ERRFFE /7100 1 o LA 33 Se 2 i A mT LLSE
FEER TR o

A58 #4 TRALIIHEZAS 2 6 AR %
WE ? 3% /& B F M A 1 2 2 5 T R A i L )
SR 2 B4 S 5 M T e s A - IR e
L AR P v T I R R A o AR
42 TRALLIY (G 1 2 1152 (I 15 B M8 FE R BRAT Y
ABAE o

=)

1. Fatalities reported to FDA following blood collection and
transfusion. U.S Food and Drug Administration, Center for
Biologics Evaluation and Research. http://www.fda.gov/
downloads/BiologicsBloodVaccines/Safety Availability/
ReportaProblem/TransfusionDonationFatalities/
UCM205620.pdf.

2. Barnard RD. Indiscriminate transfusion: A critique of case
reports illustrating hypersensitivity reactions. NY State J
Med 1951; 51: 2399-402.

3. Silliman CC, Ambruso DR, Boshkov LK. Transfusion-
related acute lung injury. Blood 2005; 105:2266.

4. Popovsky MA, Abel MD, Moore SB. Transfusion-related
acute lung injury associated with passive transfer of
anti-leukocyte antibodies. Am Rev Respir Dis 1983; 128:
185-9.



10.

11.

12.

13.

14.

16.

17.

18.

19.

20.

21.

22.

Sy AR B 2 B AT AR 4G 155

.Kleinman S, Caulfield T, Chan P, et al. Toward an

understanding of transfusion-related acute lung injury:
statement of a consensus panel. Transfusion 2004; 44: 1774.

. Triulzi DJ. Transfusion-related acute lung Injury: Current

Concepts for the Clinician. Anesth Analg, 108: 770Y776,
2009.

. Suassuna JH, da Costa MA, Faria RA, Melichar AC.

Noncardiogenic pulmonary edema triggered by intravenous
immunoglobulin in cancer-associated thrombotic
thrombocytopenic purpura-hemolytic uremic syndrome.
Nephron 1997; 77: 368.

. Rizk A, Gorson KC, Kenney L, Weinstein R. Transfusion-

related acute lung injury after the infusion of IVIG.
Transfusion 2001; 41:264.

.Sachs UJ, Bux J. TRALI after the transfusion of cross-

match-positive granulocytes. Transfusion 2003; 43:1683.
Kopko PM, Marshall CS, MacKenzie MR, et al. Transfusion-
related acute lung injury: report of a clinical look-back
investigation. JAMA 2002; 287: 1968.

Chapman CE, Stainsby D, Jones H, et al. Ten years of
hemovigilance reports of transfusion-related acute lung
injury in the United Kingdom and the impact of preferential
use of male donor plasma. Transfusion 2009; 49: 440.

Bux J, Sachs UJ. The pathogenesis of transfusion-related
acute lung injury (TRALI). Br J Haematol 2007; 136: 788.
Popovsky MA, Moore SB. Diagnostic and pathogenetic
considerations in transfusion-related acute lung injury.
Transfusion 1985; 25: 573.

Wallis JP. Transfusion-related acute lung injury (TRALI)
under-diagnosed and under- reported. Br J Anaesth 2003; 90:
573.

. Holness L, Knippen MA, Simmons L, Lachenbruch PA.

Fatalities caused by TRALI. Transfus Med Rev 2004; 18:
184.

Gajic O, Rana R, Mendez JL, et al. Acute lung injury after
blood transfusion in mechanically ventilated patients.
Transfusion 2004; 44: 1468.

Eder AF, Herron R, Strupp A, et al. Transfusion-related
acute lung injury surveillance (2003-2005) and the potential
impact of the selective use of plasma from male donors in
the American Red Cross. Transfusion 2007; 47: 599.

Sachs UJ. Recent insights into the mechanism of transfusion-
related acute lung injury. Current Opinion in Hematology
2011; 18: 436-42.

Looney MR, Gilliss BM, Matthay MA. Pathophysiology
of transfusion-related acute lung injury. Current Opinion in
Hematology 2010; 17: 418-23.

Kopko PM, Paglieroni TG, Popovsky MA, et al. TRALI:
correlation of antigen-antibody and monocyte activation in
donor-recipient pairs. Transfusion 2003; 43: 177.

Reil A, Keller-Stanislawski B, Gii nay S, Bux J. Specificities
of leucocyte alloantibodies in transfusion-related acute lung
injury and results of leucocyte antibody screening of blood
donors. Vox Sang 2008; 95: 313-7.

Middelburg RA, Porcelijn L, Lardy N, et al. Prevalence of
leucocyte antibodies in the Dutch donor population. Vox
Sang 2011; 100: 327-35.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Kopko PM, Popovsky MA, MacKenzie MR, Paglieroni TG.
HLA class II antibodies in transfusion-related acute lung
injury. Transfusion 2001; 41: 1244.

Varela M, Mas A, Nogues N, et al. TRALI associated with
HLA class II antibodies. Transfusion 2002; 42: 1102.

Sachs UJ, Hattar K, Weissmann N, et al. Antibody-induced
neutrophil activation as a trigger for transfusion-related acute
lung injury in an ex vivo rat lung model. Blood 2006; 107:
1217.

Seeger W, Schneider U, Kreusler B, et al. Reproduction
of transfusion-related acute lung injury in an ex vivo lung
model. Blood 1990; 76: 1438.

Looney MR, Su X, Van Ziffle JA, et al. Neutrophils and
their Fc gamma receptors are essential in a mouse model of
transfusion-related acute lung injury. J Clin Invest 2006; 116:
1615-23.

Sachs UJ, Wasel W, Bayat B, et al. Mechanism of transfusion-
related acute lung injury induced by HLA class II antibodies.
Blood 2011; 117: 669-77.

Silliman CC, Voelkel NF, Allard JD, et al. Plasma and lipids
from stored packed red blood cells cause acute lung injury in
an animal model. J Clin Invest 1998; 101: 1458-67.

Davoren A, Curtis BR, Shulman IA, et al. TRALI due to
granulocyte-agglutinating human neutrophil antigen-3a
(5b) alloantibodies in donor plasma: a report of 2 fatalities.
Transfusion 2003; 43: 641.

Palfi M, Berg S, Ernerudh J, Berlin G. A randomized
controlled trial of transfusion-related acute lung injury:
is plasma from multiparous blood donors dangerous.
Transfusion 2001; 41: 317.

Middelburg RA, Van Stein D, Zupanska B, et al. Female
donors and transfusion-related acute lung injury: a
case-referent study from the International TRALI Unisex
Research Group. Transfusion 2010; 50: 2447-54.

Eastlund DT, McGrath PC, Burkart P. Platelet transfusion
reaction associated with interdonor HLA incompatibility.
Vox Sang 1988; 55: 157.

Andrews AT, Zmijewski CM, Bowman HS, Reihart JK.
Transfusion reaction with pulmonary infiltration associated
with HL-A-specific leukocyte antibodies. Am J Clin Pathol
1976; 66: 483.

Hashimoto S, Nakajima F, Kamada H, et al. Relationship
of donor HLA antibody strength to the development of
transfusion-related acute lung injury. Transfusion 2010; 50:
2582-91.

Wallis JP. Transfusion-related acute lung injury (TRALI)
under-diagnosed and under- reported. Br J Anaesth 2003; 90:
573.

Toy P, Hollis-Perry KM, Jun J, et al. Recipients of blood
from a donor with multiple HLA antibodies: a lookback
study of transfusion-related acute lung injury. Transfusion
2004; 44: 1683-8.

Silliman CC, Boshkov LK, Mehdizadehkashi Z, Elzi DJ.
Transfusion-related acute lung injury: epidemiology and a
prospective analysis of etiologic factors. Blood 2003; 101:
454.

Curtis BR, McFarland JG. Mechanisms of transfusion-



156

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

S1.

52.

53.

54.

55.

WEE MER kg

related acute lung injury (TRALI): anti-leukocyte antibodies.
Crit Care Med 2006; 34:S118.

Silliman CC, Paterson AJ, Dickey WO, et al. The association
of biologically active lipids with the development of
transfusion-related acute lung injury: A retrospective study.
Transfusion 1997; 37: 719.

Shander A, Javidroozi M. A Reductionistic Approach to
Aged Blood. Anesthesiology 2010; 113: 1-3.

Toy P, Popovsky MA, Abraham E, et al. Transfusion-related
acute lung injury: definition and review. Crit Care Med 2005;
33:721.

Popovsky MA, Toy P, Looney MR. The spectrum of
pulmonary transfusion reactions. In: Kleinman S, Popovsky
MA, eds. TRALI: Mechanisms, Management, and
Prevention. Bethesda, MD: AABB Press; 2008: 1-12.
Kleinman S, Gajic O, Nunes E. American Association of
Blood Banks Transfusion-Related Acute Lung Injury Task
Force. Promoting recognition and prevention of transfusion-
related acute lung injury. Crit Care Nurse 2007; 27: 49-53.
Welsby 1J, Troughton M, Phillips-Bute, et al. The relationship
of plasma transfusion from female and male donors with
outcome after cardiac surgery. J Thorac Cardiovasc Surg
2010; 140: 1353-60.

Mangalmurti NS, Xiong Z, Hulver M, et al. Loss of red cell
chemokine scavenging promotes transfusion-related lung
inflammation. Blood 2009; 113:1158.

George JD, Lini Z, Douglas ML. Transfusion risks and
transfusion-related pro-inflammatory responses. Hematol
Oncol Clin N Am 2007; 21: 147-61.

Benson AB, Austin GL, Berg M, et al. Transfusion-
related acute lung injury in ICU patients admitted with
gastrointestinal bleeding. Intensive Care Med 2010; 36:
1710-7.

Wright SE, Snowden CP, Athey SC, et al. Acute lung injury
after ruptured abdominal aortic aneurysm repair: the effect
of excluding donations from females from the production of
fresh frozen plasma. Crit Care Med 2008; 36: 1796-802.
Strong DM, Lipton KS. American Association of Blood
Banks Association Bulletin #06-07. Available online at:
http://www.nibb.org/pdf/ab06-07.pdf. Accessed April 20,
2010.

Zallen G, Offner PJ, Moore EE, et al. Age of transfused
blood is an independent risk factor for postinjury multiple
organ failure. Am J Surg 1999; 178:570.

Koch CG, Li L, Sessler DI, et al. Duration of red-cell storage
and complications after cardiac surgery. N Engl J Med 2008;
358:1229.

Spinella PC, Carroll CL, Staff I, et al. Holcomb JB: Duration
of red blood cell storage is associated with increased
incidence of deep vein and in hospital mortality in patients
with traumatic injuries. Crit Care 2009; 13: R151.

Weinberg JA, McGwin G Jr, Marques MB, et al. Transfusions
in the less severely injured: Does age of transfused blood
affect outcomes? J Trauma 2008; 65: 794-8.

Leal-Noval SR, Munoz-Goémez M, Arellano-Orden V, et al.
Impact of age of transfused blood on cerebral oxygenation
in male patients with severe traumatic brain injury. Crit Care

56.

57.

8.

59

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

RRAR

Med 2008; 36:1290-6.

Yap CH, Lau L, Krishnaswamy M, Gaskell M, Yii M. Age of
transfused red cells and early outcomes after cardiac surgery.
Ann Thorac Surg 2008; 86:554-9.

Vamvakas EC. Meta-analysis of clinical studies of the
purported deleterious effects of 'old' (versus 'fresh') red blood
cells: are we at equipoise? Transfusion 2010; 50:600-10.
Lelubre C, Piagnerelli M, Vincent JL. Association between
duration of storage of transfused red blood cells and
morbidity and mortality in adult patients: Myth or reality?
Transfusion 2009; 49: 1384-94.

. Nicholson SE, Johnson RA, Craig T, et al. Transfusion-related

acute lung injury in a rat model of trauma-hemorrhage.
J Trauma 2011; 70: 466-71.

Vlaar APJ, Hofstra JJ, Levi M, et al. Supernatant of aged
erythrocytes causes lung inflammation and coagulopathy
in a "two hit" in vivo syngeneic transfusion model.
Anesthesiology 2010; 113: 92-103.

Blumberg N, Heal JM, Gettings KF, et al. An association
between decreased cardiopulmonary complications
(transfusion-related acute lung injury and transfusion-
associated circulatory overload) and implementation of
universal leukoreduction of blood transfusions. Transfusion
2010; 50: 2738-44.

Mangalmurti NS, Xiong Z, Hulver M, et al. Loss of red cell
chemokine scavenging promotes transfusion-related lung
inflammation. Blood 2009; 113: 1158-66.

Dunbar N, Cooke M, Diab M, Toy P. Transfusion-related
acute lung injury after transfusion of maternal blood a
case-control study. Spine 2010; 35: E1322-7.

Silliman CC, Voelkel NF, Allard JD, et al. Plasma and lipids
from stored packed red blood cells cause acute lung injury in
an animal model. J Clin Invest 1998; 101:1458.

Silliman CC, Curtis BR, Kopko PM, et al. Donor antibodies
to HNA-3a implicated in TRALI reactions prime neutrophils
and cause PMN-mediated damage to human pulmonary
microvascular endothelial cells in a two-event in vitro model.
Blood 2007; 109: 1752.

Li G, Daniels CE, Kojicic M, et al. The accuracy of natriuretic
peptides (brain natriuretic peptide and N-terminal pro-brain
natriuretic) in the differentiation between transfusion-related
acute lung injury and transfusion-related circulatory overload
in the critically ill. Transfusion 2009; 49: 13.

Gajic O, Gropper MA, Hubmayr RD. Pulmonary edema
after transfusion: how to differentiate transfusion-associated
circulatory overload from transfusion-related acute lung
injury. Crit Care Med 2006; 34(suppl 5): S109-S3.

Popovsky MA. Transfusion-associated circulatory overload:
the plot thickens. Transfusion 2009; 49: 2.

Zhou L, Giacherio D, Cooling L, Davenport RD. Use of
B-natriuretic peptide as a diagnostic marker in the differential
diagnosis of transfusion-associated circulatory overload.
Transfusion 2005; 45:1056.

Tobian AA, Sokoll LJ, Tisch DJ, et al. N-terminal pro-brain
natriuretic peptide is a useful diagnostic marker for
transfusion- associated circulatory overload. Transfusion
2008; 48: 1143.



71.

72.

73.

74.

75.

76.

71.

78.

79.

Sy AR B 2 B AT AR 4G 157

Worsley MH, Sinclair CJ, Campanella C, et al. Non-
cardiogenic pulmonary oedema after transfusion with
granulocyte antibody containing blood: treatment with
extracorporeal membrane oxygenation. Br J Anaesth 1991;
67: 116.

Looney MR, Gropper MA, Matthay MA. Transfusion-related
acute lung injury: a review. Chest 2004; 126: 249.
Nordhagen R, Conradi M, Dromtorp SM. Pulmonary
reaction associated with transfusion of plasma containing
anti-5b. Vox Sang 1986; 51: 102.

Yomtovian R, Kline W, Press C, et al. Severe pulmonary
hypersensitivity associated with passive transfusion of a
neutrophil-specific antibody. Lancet 1984; 1: 244.

Win N, Montgomery J, Sage D, Street M. Recurrent
transfusion-related acute lung injury. Transfusion 2001;
41:1421.

Sachs UJ, Kauschat D, Bein G. White blood cell-reactive
antibodies are undetectable in solvent/detergent plasma.
Transfusion 2005; 45:1628.

Insunza A, Romon I, Gonzalez-Ponte, ML, et al.
Implementation of a strategy to prevent TRALI in a regional
blood centre. Transfus Med 2004; 14:157.

Gajic O, Yilmaz M, Iscimen R, et al. Transfusion from
male-only versus female donors in critically ill recipients of
high plasma volume components. Crit Care Med 2007; 35:
1645.

Powers A, Stowell CP, Dzik WH, et al. Testing only donors

80.

81.

82.

83.

84.

85.

with a prior history of pregnancy or transfusion is a logical
and cost-effective transfusion-related acute lung injury
prevention strategy. Transfusion 2008; 48:2549.

Triulzi DJ, Kleinman S, Kakaiya RM, et al. The effect of
previous pregnancy and transfusion on HLA alloimmu-
nization in blood donors: implications for a transfusion-
related acute lung injury risk reduction strategy. Transfusion
2009; 49:1825.

Mair DC, Hirschler N, Eastlund T. Blood donor and
component management strategies to prevent transfusion-
related acute lung injury (TRALI). Crit Care Med 2006;
34:S137.

Murphy MEF, Navarrete C, Massey E. Donor screening as a
TRALI risk reduction strategy. Transfusion 2009; 49:1779.
Fatalities reported to FDA following blood collection and
transfusion: annual summary for fiscal year 2009. Available
online at: http://www.fda.gov/BiologicsBlood Vaccines/
SafetyAvailability/ReportaProblem/TransfusionDonation
Fatalities/ucm204763.htm; Accessed April 20, 2010.
Claridge JA, Sawyer RG, Schulman AM, McLemore EC,
Young JS. Blood transfusions correlate with infections in
trauma patients in a dose-dependent manner. Am Surg 2002;
68: 566-72.

Khan H, Belsher J, Yilmaz M, et al. Fresh-frozen plasma
and platelet transfusions are associated with development
of acute lung injury in critically ill medical patients. Chest
2007; 131: 1308-14.



HRE MER Bk R4

Transfusion-related Acute Lung Injury

Chien-Lung Hsiao', Yen-Kun Ko', Chao-Chieh Cheng', and Jiin-Torng Wu?

'Division of Respiratory Therapy & Chest Medicine,
Sijhih Cathay General Hospital, Taipei, Taiwan, R.O.C.;
“Division of Respiratory Therapy & Chest Medicine,
Cathay General Hospital, Taipei, Taiwan, R.O.C.

Transfusion-related acute lung injury (TRALI) is the second leading cause of death related to complication of
transfusions. It is defined as noncardiogenic pulmonary edema associated with transfusion and must be exclude
other etiologies such as sepsis, cardiogenic pulmonary edema, and fluid overload. Although, it can progress to the
acute respiratory distress syndrome but sometimes the symptom is mild and the case is probably underdiagnosed.
This article reviews the clinical manifestations, definition, diagnosis, incidence, pathophysiology, and risk factor.
At the end, the blood donor and component management strategies which to prevent TRALI are also discussed.
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