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Plan
ÅDiscuss the presenting symptoms and 

causes of severe and fatal transfusion 

complications 

ïSome causes have been nearly 100% 

prevented in past 10-15 yrs

ïOthers, previously unrecognized have 

become the most common

ÅToday, most of the fatal complications 

have respiratory distress as part of the 

symptoms, and sometimes it is difficult 

to determine the cause



Here are the major types of 

transfusion fatalities

ÅRBC given to wrong person, ABO-

incompatible Hemolytic transfusion 

reaction

ÅTransfusion-related acute lung injury 

(TRALI)

ÅBacterial contamination

ÅHIV, HBV, HCV

ÅTransfusion-associated ïGraft vs host 

disease 

Å--------------------------------------



Unlike today, 30 years ago most 

transfusion fatalities were caused 

by:

ÅHemolytic reactions due to human error 

(wrong blood to wrong patient)

ÅHepatitis  (non-A, non-B virus and 

hepatitis B virus



Transfusion fatalities (FDA) 

1976-83 (275 deaths)
ÅABO incompatible hemolytic reaction-

42%
(due to human error, wrong blood wrong patient)

ÅNon-ABO incompatible hemolytic 

reactions-15% (often blood bank error in not finding 

dangerous RBC antibody in recipient)

ÅHepatitis-21%

ïNon-A, non-B (now called HCV)-90% of 

hepatitis

ïHepatitis B virus-10%



Teplttranf.ppt

Decline in Transfusion-transmitted HIV

Improved 

anti-HIV

HIV RNA

(MSM, prostitute, rape victim exclusions)

1999



Teplttranf.ppt

Decline in Transfusion-transmitted Hepatitis

HCV RNA
Improved HBsAg

Injecting drug & tattoo users excluded

MSM, prostitute, rape victim exclusions



TODAY

ÅIn the past 10 years preventive efforts 

resulted in 

ÅHTR no longer being the most common 

fatality,   ( but it still a problem )

ÅFatalities due to virus transmission 

(hepatitis, HIV) are very, very rare

éééééééééééééééééé.

ÅNow the most common fatalities often 

have respiratory distress as a symptom



Respiratory distress: 

a symptom accompanying several types of 

transfusion complications, both fatal and 

nonfatal

ÅHemolytic transfusion reaction

ÅTransfusion-related Acute Lung Injury

ÅBacterial contamination of blood unit

ÅVolume overload, CHF

ÅAnaphylaxis

éééééééééééééé.. But not

Hepatitis B, C or HIV



Most Common Transfusion Fatalities 

Reported to FDA 2001-2003

Å80-100 reported per year

ÅTransfusion-related acute lung injury 
(TRALI)ééééééééééé16.3%

ÅABO hemolytic transfusion 
reactionéééééééééé.14.3%

ÅBacterial contaminated blood 
componentééééééééé.14.1%
TRALI Conf, Toronto. Apr 2004



Fatalities reported to FDA 2008

46  transfusion related

ÅHemolytic Transf Reactionð 37%

ïABO incompatibility--22%

ïNon ABO--15%

ÅTRALIð35%

ÅMicrobial infectionð15%

ï2 cases of bacterial contaminated plateletpheresis

ï5 cases of Babesiosis from RBC

ïNone from HIV, hepatitis

ÅFluid overload, CHFð7%

ÅAnaphylaxisð7%



Dyspnea

During

Transfusions

Many 

Causes

Will disc

TRALI first

Also Think 

of:

---

transfusion---

Hemolysis: 

(HTR)

Bacteria

CHF

Allergic

reaction

----other----

Pulmonary

Embolus.

COPD,

Asthma,

anxiety



Lungs-amazing organ

ÅGive birth to platelets

ÅServes as pool for granulocytes & platelets

ÅGather granulocytes if they are transfused or 
activated or perturbed (eg IV C5a, IV G-CSF)

ÅFill alveoli with fluid at the drop of a hat
ïEg infuse a few bacteria

ï Infuse complement

ïDrug OD, high altitude, strokes, CPR, neg laryngeal 
pressure, etc

ÅTrap air at the drop of a hat--bronchospasm

ÅAlter perfusion, ventilation at the drop of a hat

ÅGet rid of or retain acid

Å Inactivate bradykinin



Transfusion Related Acute 

Lung Injury : TRALI 



CASE #3

in

2004



TRALI during neurosurgery

G6223 VAMC 11.24.04
Å71 y o male; Cerv spine surgery 11/24/05 C3-

4, C4-5 discectomy, C4 corpectomy, strut 
graft. PMH CABG, hip surgery

ïStocking glove paresthesiae 10 yr

ïReceived 1 u RBC (preop hgb 15, postop 15.1)
ÅInappropriate use!

ïReceived 2 u plasma during surgery (INR 0.9 
preop, 1.17 postop)
ÅInappropriate use!

ïReceived during  surgery: dexamethasone, Ancef, 
neosynephrine, metaprolol, ephedrine



Plasma given toward end of surgery

Å20 min later hypoxic with frothy pulm edema 

pouring from ET. 

ÅBP 85/42. WBC 3.5K, 0% neutrophils

ÅPA 31/28, 

Åwedge pressure (PACWP/LVEDP)=12, CVP 7 

(no volume overload, no LV failure)

ÅChest XRay bilat pulm edema

ÅNext day EKG WNL but troponins elevated 

3.1-5



Surrogate Preop CXR (Lnone done)

CXR from 5 months later

Apr 6 2005---normal heart and lungs

G6223 



Nov 24 2004 ïafter plasma 

transfusion

Intraop G6223



IMPROVED, Nov 24 2004. G6223



Two days later: Nov 26 2004  G6223



71 y o  male

ÅBB lab eval

ïNo HTR (DAT neg, plasma not red

ïNo bag avail for culture

ïBNP preop 8.9, postop 11.3 (low: not CHF)

ïTRALI eval



71 y o  male patient

ÅDonor (a multiparous female) testing

ïHLA class I antibodies: 50% PRA, anti-

B7,13,27,55,60,61,67

ïHLA class II antibodies: 78% PRA

ÅReverse crossmatch positive, T & B 

cells

ïT cell crossmatch POS > 16 titer

ïB cell crossmatch POS > 16 titer



Importance of case 

ÅReverse crossmatching shows both HLA class I and 
II antibodies ñappearò to be causative
ïHLA class I antibodies (with positive high titer reverse T cell 

crossmatch) 

and 

ïclass II antibodies (with positive high titer reverse B cell 
crossmatch) antibodies

ÅMisuse of RBC and plasma identified

ÅUse of cardiovasc monitoring (wedge pressure etc) 
is important to diagnose noncardiac pulmonary 
edema

ÅBNP can help exclude volume overload as cause

ÅAcute neutropenia identified as part of TRALI
Nakagawa M, Toy P. Transfus 2004:44;1689-94.  

PMN dropped 80-90% transiently in three cases of TRALI: 

1 plateletpheresis, 2 plasma transfusions

1 with HLA class I & II, 2 with class II antibodies



Transfusion 

Related Acute 

Lung Injury



TRANSFUSION RELATED

ACUTE LUNG INJURY

ÅPassive transfer of donor plasma 

containing antibodies against the 

recipientôs circulating neutrophils 

ïAntibody specificity corresponds  with 

the specific HLA antigens or neutrophil-

specific antigens on the recipientôs 

neutrophils



Pathogenesis of 

TRANSFUSION RELATED 

ACUTE LUNG INJURY
ÅAntigen-Antibody Complex And Complement 

Activation
ïHLA Antigen on WBC

ïGranulocyte-Specific Antigen

ÅGranulocyte Shape Change and increased 
Stickiness

ÅPulmonary Sequestration of Granulocyteðrelease 
of superoxide, ROS, intracellular granular 
enzymes, proteases, 

ÅPulmonary Alveolar Damage, pulmonary edema, 
ARDS

ÅWide Clinical Spectrum (transient Dyspnea, 
Transient Pulmonary Infiltrate to fatal ARDS)



TRANSFUSION - RELATED 

ACUTE LUNG INJURY
ÅInitially Severe Dyspnea or Cyanosis 

Usually Within 1-2 Hr (< 6 Hr).

ï70% require mechanical ventilation (Bux. Vox Sang 

2005; 89:1)

ÅNoncardiac Pulmonary Edema.  Normal 

CVP.  Normal or Low Pulmonary Wedge 

Pressure. 

ÅFever, Hypoxia, Tachycardia, Possible 

Hypotension.

Å6-10% fatality rate



TRANSFUSION - RELATED 

ACUTE LUNG INJURY

ÅTreatment

ïOxygen

ïPulmonary support

ïPressors to maintain BP

ï?steroids

ïAvoid diuretics. Wont help, may harm.



Types of Blood Components 

Implicated in TRALI

ÅWhole Blood

ÅRed Cells

ÅPlasma

ÅPlatelets

ÅGranulocytes

ÅCryo

ÅIVIg



Types of Donor Antibodies 

Implicated in TRALI

ÅIn 40 cases

ÅHLA Class I antibodies---62%

ÅHLA Class I & II antibodies---11%

ÅNeutrophil-specific antibodies---27%

Olness



Antigens on Neutrophils 

implicated in TRALI

-----------------------------------------------
Neutrophil specific

----------------------------------

Å HNA-1a

ï Fc gamma receptor IIIb

ï Anti-NA1

Å HNA-1b

ï CD16b

ï Anti-NA2

Å HNA-2a

ï NBI GP/CD177

ï Anti-NB1

Å HNA-3a

ï Anti-5b

Others (HLA most common)

-----------------------------------

Å HLA

ï Class I

ï Class II

Bux  Vox Sang 2005;89:1-10



Antibodies causing TRALI

ÅDonor Leukocyte Antibody

ï20% of multiparous females have HLA 

antibodies

5% have anti-neutrophil antibodies

ï1-3% of transfused males have HLA antibodies

ï5% of donated plasma had HLA antibodies .         
Sinnot P, Bodger S, Gupta A, Brophy M. Presence of HLA antibodies in single-donor-derived 

fresh frozen plasma compared with pooled, solvent detergent-treated plasma (Octaplas).

European J Immunogenetics. 31:271-4, 2004. 

ÅRecipient Leukocyte Antibody



Not all recipients of plasma with 

WBC antibodies get TRALI
Å Toy. Transfus 2004;44:1683

--------------------------------
Donorôs previous components 

(HLA ANTIBODIES) given to 
103 patients; one case of 
TRALI, DAH

Patients HLA type known in 55 
patients to match donor 
antibody specificity: no 
TRALI cases

In 62 with CXR: 4/62 had new 
infiltrate

Å Kopko JAMA 2002;287:1968 
(fatal TRALI)

--------------------------------
Donorôs previous plasma 

components (Gran anti-5b) 
given to 36 patients

15 RXN in 13(36%) patients

8 severe (ARDS,ARF,Pulm 
edema,)



Not all recipients of plasma with 

HLA antibodies get TRALI
Å Nicolle AL et al. Transf Med 

2004:14;225

--------------------------------------------

Å 2 Pts with TRALI, 2 donors 
implicated with HLA 
antibodies

Å Lookback at 18 recipients

ï 5 plasma recipients:

ÅOne had undiagnosed 
TRALI

ÅOne had HLA type 
matching plasma donor 
antibodies but had no 
symptoms

ï 13 RBC recipients: No 
reactions

Aysola et al



Clinical Dx of suspected TRALI---

Exclude other causes

R/O HTR, bact contam

Exclude cardiac related pulm edema: vol 

overload, LV failure

Exclude Other causes of NonCard Pulm 

Edema

Lab confirmation: Not all donors with WBC 

antibodies are dangerous



Tedôs TRALI Case 

definition:

1--- Pulmonary symptoms with  noncardiac 
pulmonary edema

2--- Donor and recipient blood testing confirmation 
required

a--- Donor leukocyte alloantibody with specificity     
towards corresponding recipient HLA or granulocyte 
antigen.

OR

b--- Positive reverse crossmatch, reacting donor 
plasma with recipientôs WBC



TRANSFUSION-RELATED

ACUTE LUNG INJURY (TRALI)

ÅDonor Leukocyte Antibody

ï20% of multiparous females have HLA 

antibodies

5% have anti-neutrophil antibodies

ï1-3% of transfused males have HLA 

antibodies

ÅRecipient Leukocyte Antibody



TRALI  defined

ÅSuspected TRALI : Pulmonary symptoms  of 
noncardiac pulmonary edema  

ïExclude CHF, volume overload : PRE & POST-CXR, 
echocardiogram, BNP, CVP, PACWP/LVEDP, etc

ïExclude other causes of Noncardiac Pulm Edema

Å Confirmed TRALI : Lab confirmation required by 
EITHER:
ïDonor leukocyte alloantibody (eg HLA or granulocyte-

specific) with specificity towards a corresponding antigen in 
the recipient 

OR

ïa positive reverse crossmatch, reacting donor plasma with 
recipientôs WBC (HLA or granulocyte assays)

OR

- Recipient WBC antibody reacting with donor WBC (rare)



Tedôs TRALI Case 

definition:

1--- Pulmonary symptoms with  noncardiac 
pulmonary edema, of undetermined cause

2--- Donor and recipient blood testing confirmation 
required

a--- Donor leukocyte alloantibody with specificity     
towards corresponding recipient HLA or granulocyte 
antigen.

OR

b--- Positive reverse crossmatch, reacting donor 
plasma with recipientôs WBC



Pulmonary Edema (28200-36500)

In this section of lung, septal capillaries 

are congested and the alveoli are filled 

with pink-staining proteinaceous edema 

fluid. Within the edema fluid there are 

macrophages, many of which contain 

hemosiderin pigment.

http://www.pathology.vcu.edu/education/cardio/images/2d-b.jpg


A. Patientôs Pulmonary vessel with WBC and platelets, No RBC

B. SIDS patient for comparison. Has RBC

TRALI during craniofacial surgery        Ririe DG et al. Anesth Analg 2005:101;1003-6
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