CLINICAL PRACTICE: IMMUNOHEMATOLOGY

Transfusion-related Acute Lung Injury (TRALI)

GEORGE H ROBERTS

Transfusion is an inevitable event in the life of many indi-
viduals. Transfusion medicine personnel attempt to provide
blood products that will result in a safe and harmless transfu-
sion. However, this is not always possible since no laboratory
test gives totally accurate and reliable results all the time and
testing in routine transfusion services is devoted primarily to
the identification of red blood cell problems. Thus, when pa-
tients are transfused, several possible adverse effects may oc-
cur in the transfused patient even though quality testing indi-
cates no potential problem. These adverse events include in-
fectious complications, hemolytic reactions, anaphylaxis, ur-
ticaria, circulatory overload, transfusion-associated graft-ver-
sus-host disease, chills and fever, immunomodulation, and
transfusion-related acute lung injury (TRALI).

ABBREVIATIONS: TRALI = transfusion related acute
lung injury.

INDEX TERMS: TRALI; transfusion.
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CASE HISTORY

A 52-year-old white male was admitted to a local hospital
emergency room (ER) for an acute upper gastrointestinal
hemorrhage. He denied any other medical problems, took
no medications, and stated that he did not smoke or drink
alcohol. His admitting hemoglobin and hematocrit were 7.8
g/dL and 24%. He was referred by the ER physician to a
gastroenterologist who performed an esophagogastro-
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duodenoscopy (EGD) in the ER to determine the cause of
the bleeding episode. During and immediately following the
procedure, the patient received four units of compatible
packed red blood cells (RBCs) and four units of fresh frozen
plasma (FFP). His baseline vital signs were normal; how-
ever, following administration of approximately 125 mL of
the fourth unit of FFP, he began to complain of nausea, chills,
and difficulty breathing. The transfusion was immediately
discontinued and a workup for suspected transfusion reac-
tion was begun.

The patient’s condition worsened over the next three hours
with decreasing blood pressure, dyspnea, and decreased renal
output. The patient was admitted to the surgical intensive
care unit (SICU) and was ultimately intubated due to de-
creasing oxygen saturation. The patient exhibited normal cen-
tral venous pressure and pulmonary wedge pressure. Normal
saline was administered intravenously. No diuretic agents were
administered. Chest radiographs exhibited bilateral infiltrates
consistent with pulmonary edema. Approximately 48 hours
later the dyspnea began to improve, and the patient was extu-
bated at 56 hours postreaction. He continued to improve and
was discharged from the hospital three days later.

CLINICAL FINDINGS

TRALI is an uncommon and often unrecognized but seri-
ous complication of transfusion that is described in the lit-
erature as a clinical constellation of signs and symptoms in-
cluding dyspnea, cyanosis, hypotension, and chills and fever
along with the physical and radiographic findings of bilat-
eral pulmonary edema. These signs and symptoms usually
appear within one to four hours following transfusion of
any of a variety of blood products including whole blood,
packed red blood cells, fresh frozen plasma, granulocytes,
cryoprecipitate, platelet concentrates, apheresis platelets, al-
logeneic bone marrow, intravenous immunoglobulin, and
peripheral blood progenitor cells.®

DIFFERENTIAL DIAGNOSIS

TRALI has been recognized as a discrete clinical entity since
the early 1980s. However, this adverse effect of transfusion
is receiving more widespread attention recently and has been
reported to be the third most common cause of death fol-
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lowing transfusion. However, many clinicians remain unaware
of the condition because TRALI must be differentiated from
a number of other conditions including adult respiratory dis-
tress syndrome (ARDS), pneumonia, cardiac failure, circula-
tory overload, bacterial contamination, and acute hemolytic
transfusion reaction. Differentiation may be difficult and is a
diagnosis of exclusion based upon clinical signs and symp-
toms rather than laboratory testing. Other causes of respira-
tory and cardiac dysfunction must be ruled out as well as res-
piratory distress related to transfusion. The presence of donor
and/or recipient leukocyte antibodies may be documented via
lymphocyte crossmatch at a later point in time. Nonetheless,
TRALI should be considered when a recently transfused pa-
tient develops acute respiratory distress.>57

ETIOLOGY

The precise pathogenic mechanism of TRALI is uncertain
but is thought to be primarily an immune-mediated process
with multiple etiologies. A review of the literature indicates
that there are three mechanisms that can precipitate TRALI:
1) HLA class | or 1l complement-activating antibodies or
antibodies to specific granulocyte antigens in a recipient that
reacts with donor leukocytes; 2) HLA class | or 11 comple-
ment-activating antibodies or antibodies to specific granu-
locyte antigens in a donor that reacts with recipient leuko-
cytes; and 3) biologically active lipids in stored blood com-
ponents. Anti-lgA antibodies have been implicated in one
case of TRALI. Leukocyte antibodies in one donor have also
been reported to react with the leukocytes of another donor.
It is interesting that these reactions most commonly occur
as the result of passively acquired donor antibody since most
transfusion reactions occur as the result of recipient anti-
body to donor antigens. Granulocyte antibodies associated
with TRALI have been identified in blood products donated
by multiparous women. Antibody specificity and detection
of the corresponding antigen are rarely reported in the lit-
erature,2>710

It is postulated that the HLA antibodies may cause the fol-
lowing sequence of events to occur to produce lung injury: 1)
antibodies bind to and directly activate neutrophils; 2) comple-
ment is activated resulting in the production of anaphylatoxins
that promote neutrophil aggregation and sequestration in the
pulmonary microvasculature; 3) neutrophils marginate into
the pulmonary vasculature and release enzymes, cytokines (tu-
mor necrosis factor-alpha, interleukin-1, 6, and 8), and su-
peroxide radicals that damage the blood vessels; and 4) endot-
helial cell injury occurs resulting in pulmonary edema due to
the accumulation of protein and fluid due to capillary leak-
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age. Autopsy findings in a patient who died of TRALI sub-
stantiate this mechanism >

Another possible cause of TRALI is the presence of biologi-
cally active lipids in stored blood. This mechanism is pro-
posed to cause TRALI to occur as a result of a two-event
activity. The first event that may precipitate TRALI is asso-
ciated with the clinical condition of the patient: cardiac dis-
ease, infection, recent surgery, cytokine administration, mas-
sive transfusion, and hematologic malignancies. The second
event is the infusion of biologic response modifiers in the
transfused components. Factors within the blood products
involved were component age and increased levels of bio-
logically active lipids.>>1-14

Underlying pulmonary disease is believed to prime neutro-
phils and result in adhesion to the pulmonary endothelium.
Upon administration of blood products containing a bio-
logical mediator/priming agent (lipid), there is an augmented
respiratory burst within the neutrophils with the subsequent
release of the granule contents. The released products dam-
age the endothelium resulting in capillary leakage, and non-
cardiogenic pulmonary edema very similar to the immune-
mediated mechanism.*14

TREATMENT

If acute respiratory distress occurs during transfusion, the
transfusion should be halted immediately and not resumed
even if the symptoms subside. Depending on the severity of
the reaction, treatment may include intravenous corticos-
teroids, oxygen therapy, and ventilatory support. Saline in-
fusions are recommended. Diuretics are not recommended
since the pulmonary edema is not due to fluid overload but
‘capillary leak syndrome’. Corticosteroids are not recom-
mended because the underlying disorder is the microvascu-
lar insult. Recovery usually occurs within 48 to 96 hours,
but severe morbidity and mortality may occur. The best
outcomes are observed when TRALI is diagnosed very rap-
idly and treatment instituted.2>*

PREVENTION

Several approaches to the prevention of TRALI have been
recommended. Among these recommendations are: 1) limit
the amount of plasma transfused from implicated donors by
transfusing either washed or frozen-deglycerolized red blood
cells; 2) indefinitely defer donors implicated in fatal TRALI;
3) defer multiparous women as donors; 4) screen donor units
for leukoagglutinins; 5) change manufacturing processes to
limit accumulation of lipids during storage; and 6) identify
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patients at risk for TRALI and use washed or fresh compo-
nents for them 2112

The listed preventive measures are potentially expensive and
challenging to supply necessary products in a timely man-
ner. It is likely that all of the above strategies would reduce
the risk of TRALLI in the patient population; however there
are a number of challenges that would have to be overcome
to adequately serve the transfusion patient population. Lim-
iting infusion of plasma from implicated donors by admin-
istering washed fresh, frozen deglycerolized RBCs and re-
ducing the amount of plasma in units would be helpful, but
would increase manufacturing costs and product prepara-
tion time for acutely ill patients. Certainly, all donors impli-
cated in fatal TRALI should be deferred; however, this ac-
tion would somewhat limit the donor pool. Exclusion of
multiparous women from the donor pool could potentially
reduce the donor pool by 5% to 30%. However, their plasma
could be fractionated into plasma protein derivatives for other
uses. An additional consideration with this approach would
be the problems that could arise when a multiparous female
insists upon becoming a directed donor for her child. Screen-
ing donor units for leukoagglutinins is impractical to do since
tests are expensive, not readily available, and have long turn-
around times. Changing the manufacturing processes to limit
lipid accumulation may work in the future, but the process
must be designed, tested, and approved for use. Identifying
patients at risk and using only fresh, washed, or frozen
deglycerolized RBCs would increase the cost and reduce turn-
around time for critically ill patients.

CONCLUSION

TRALI is a potential consequence of transfusion and may
exhibit mild to marked signs and symptoms. When a pa-
tient exhibits acute respiratory distress syndrome within one
to four hours post transfusion, TRALI should be suspected
and appropriate treatment instituted.

The signs and symptoms associated with this patient suggest
TRALI as a diagnosis. Investigation of the gender of the donors
revealed that the donor of the fourth unit of plasma was a mul-
tiparous female. Numerous possible adaptations to the provi-
sion of blood products exist; however, these changes could po-
tentially harm an already low donor pool, increase the cost to
all patients, and markedly decrease turnaround time in provi-
sion of blood products to acutely ill patients.>31112

An abbreviated discussion of this case study has been ac-
cepted for publication in ASCLS Today.

REFERENCES

1. Rasnake MS. Transfusion complications. 2001. Available at Report/
Rasnake/transcomp.html. http://www.wilfordhallim.org/Morning
Report/Rasnake/transcomp.html.

2. Strong M. TRALLI: transfusion related acute lung injury. ABC Blood
Bull 2000;3:1. Available at http://americasblood.org/
index.cfm?fuseaction=display.showPage&pagel D=127.

3. Wallis JP, Lubenko A, Wells AW, Chapman CE. Single hospital ex-
perience of TRALI. Transfusion 2003;43:1053-9.

4. Urahama N, Tanosaki R, Masahiro K, and others. TRALI after the
infusion of marrow cells in a patient with acute lymphoblastic leu-
kemia. Transfusion 2003;43:1553-7.

5. Engelfriet CP, Reesink HW. Transfusion-related acute lung injury
(TRALI). Vox Sanguinis 2001;81:269-83.

6. Popko PM, Marshall CS, MacKenzie MR, and others. Transfusion
related acute lung injury: report of a clinical look-back investiga-
tion. JAMA 2002;287:1968-71.

7. Brecher ME. Technical Manual. Bethesda MD: AABB 2002;597-8.

8. Dykes A, Smallwood D, Kotsimbos T, Street A. Transfusion related
acute lung injury (TRALI) in a patient with a single lung transplant.
Brit J Haematol 2000;109:674-6.

9. Covin, and others. Decline in oxygen saturation and hypotension
following transfusion of autologous blood. Transfusion 2002;42:28S.

10. Greer M. Blood from multiparous donors linked to lung injury. Blood
Weekly 2003; May 31:3-4.

11. Eder AF. Transfusion-related acute lung injury. Presented at ASCLS
2003, June 23, 2003, Philadelphia, PA.

12. Dry SM, Bechard KM, Milford EL. The pathology of transfusion-
related acute lung injury. AmJ Clin Pathol 1999;112:216-21.

13. Silliman CC, Paterson AJ, Dickey WO, and others. The association
of biologically active lipids with the development of transfusion-
related acute lung injury: a retrospective study. Transfusion
1997;37:719-26.

14. Silliman CC, Paterson AJ, Dickey WO, and others. Transfusion re-
lated acute lung injury: epidemiology and a prospective analysis of
etiologic factors. Blood 2003;101:454-62.

~

NEW for ASCLS Members -
Shop On-line!

Bl
é}_gl
Purchase ASCLS Education Products and more

at the ASCLS website,
www.ascls.org and click on Members Section.

P.A.C.E.-approved CE On-line courses Books
Membership pins Self-study materials CDs for Learning

-l User-friendly, convenient, } |

and secure. |

k Cost savings for members!

VOL 17, NO 3 SUMMER 2004 CLINICAL LABORATORY SCIENCE 135

¥202Z /2 AinC uo /Bio’sjase’ feuinolsiourewmy;/:dny wouy papeojumoq


http://hwmaint.clsjournal.ascls.org/



