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Case 40-1998

PRESENTATION OF CASE

A 49-year-old right-handed woman was admitted
to the hospital because of a hemorrhagic stroke and
mutism.

The patient had been well until two weeks earlier,
when she began to have menorrhagia and orthostat-
ic weakness. One day before admission, she entered

another hospital, where she was found to have uter-
ine leiomyomas. Laboratory studies were performed
(Tables 1 and 2). Two units of packed red cells were
transfused, and dilation with curettage was per-
formed. On the next day, she felt better until mid-
day, when she suddenly had a severe headache, fol-
lowed by an inability to speak, although she could
understand simple spoken commands. A right facial
droop was noted. A lumbar puncture was performed
(Table 3). She was transferred to this hospital.

The patient had had hypertension for one year.
During the four months before admission, she had
had angina pectoris on walking, which was relieved
by sublingual nitroglycerin. A treadmill stress test
was negative. She also took diltiazem.

The temperature was 36.8°C, the pulse was 81,
and the respirations were 22. The blood pressure
was 150/80 mm Hg.

On examination, the patient was pale and tense. A
few petechial lesions were present on the chest, and
multiple splinter hemorrhages were seen. The carot-
id pulses were normal, without bruits. The lungs
were normal.

On neurologic examination, the patient was alert

TABLE 1. RESULTS OF HEMATOLOGIC STUDIES.

ONE DAY
BEFORE

VARIABLE ADMISSION

Hematocrit (%) 16
Mean corpuscular volume (um?)
Reticulocyte count (%)

Schisto-
cytes

Microscopical features of red cells

Erythrocyte sedimentation rate
(mm/hr)
D-Dimer test (ug,/ml)

Fibrinogen
White-cell count (per mms3)
Difterential count (%)
Neutrophils
Band forms
Lymphocytes
Monocytes
Eosinophils
Platelet count (per mm3) 36,000
Prothrombin time (sec)

Partial-thromboplastin time (sec)

EARLY ON LATE ON
SECOND SECOND
HospPITAL HospPITAL
ON ADMISSION DAy DAy
23.1 17.5 30.1
83
6.1
Many microcytes and schisto-
cytes; a few oval red cells;
poikilocytosis (+++)
46
Positive
(4-8)*
Normal
11,800 6,900 4,600
88 85
0 3
10 12
1
1
32,000 24,000 18,000
Normal 12.91
Normal 28.5

*The normal value is <0.5.

1The control value was 10.3 seconds.
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TABLE 2. BLOOD CHEMICAL VALUES.*

ONE Davy EARLY ON
BEFORE On SECOND
VARIABLE Apmission  ApmiSSION  HosPITAL DAY
Urea nitrogen (mg/dl) 16 Normal Normal
Creatinine (mg/dl) 1.3 Normal Normal
Uric acid Normal
Total protein (g/dl) 6.6 52
Albumin 2.3 1.9
Globulin 4.3 3.3
Calcium (mg/dl) 7.6 6.2
Phosphorus (mg/dl) 2.3
Glucose (mg/dl) 137 144
Bilirubin (mg/dl)
Total 1.5
Conjugated 0.5
Sodium (mmol/liter) 138 142
Potassium (mmol/liter) 3 2.4
Chloride (mmol/liter) 103 110
Carbon dioxide (mmol/liter) 27.7 228
Magnesium (mmol/liter) 0.55 0.50
Aspartate aminotransferase (U/liter) 59
Alkaline phosphatase (U/liter) 122
Lactate dehydrogenase (U/liter) 782 1036 761
Creatine kinase (U/liter) 483 299
Creatine kinase isoenzymes 11.2 7.9
(U/liter)
Creatine kinase isoenzyme index Normal Normal
Amylase Normal Normal

*To convert the value for urea nitrogen to millimoles per liter, multiply
by 0.357. To convert the value for creatinine to micromoles per liter, multi-
ply by 88.4. To convert the values for calcium to millimoles per liter, mul-
tiply by 0.250. To convert the value for phosphorus to millimoles per liter,
multiply by 0.3229. To convert the values for glucose to millimoles per
liter, multiply by 0.05551. To convert the values for total and conjugated
bilirubin to micromoles per liter, multiply by 17.1. To convert the values
for magnesium to milliequivalents per liter, divide by 0.5.

1The normal value is 0.5 U per liter.

TABLE 3. FINDINGS ON LUMBAR PUNCTURE.

VARIABLE FINDING

Appearance of fluid Pink—orange
Initial pressure (mm of water) 520

7000 (first and
fourth tubes)

18 (fourth tube)

Red-cell count (per mm?)

White-cell count (per mm?)

Xanthochromia 1+
Glucose (mg/dl)* 61
Total protein (mg/dl) 74

*To convert the value for glucose to millimoles
per liter, multiply by 0.05551.
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and followed verbal and written commands. She
spoke a few single words, wrote her name, and re-
called two of three objects in five minutes. She per-
formed calculations and named a pen and a watch
accurately. Visual acuity was 20,200 bilaterally with-
out eyeglasses. Flame-shaped hemorrhages and pap-
illedema were noted bilaterally. Right central facial
weakness was present, and the tongue deviated to
the right. Motor power and sensation were intact.
The gait was short-stepped; Romberg’s test was neg-
ative. There was meningismus (+). Dysmetria was
noted on finger-to-nose testing. The deep-tendon
reflexes were ++ and symmetric. Bilateral Babinski
signs were present. There was twitching of the right
side of the lip for approximately one minute.

The urine was positive (++) for protein; the sedi-
ment contained 0 to 5 hyaline casts per low-power
field and 50 to 100 red cells and 5 to 10 white cells
per high-power field. Laboratory studies were per-
formed (Tables 1 and 2). An electrocardiogram
showed a normal rhythm at a rate of 86, with a pro-
longed QT interval and low or flattened T waves in
leads I and aVL; low biphasic T waves in leads 11, V,,
and V,; and inverted T waves in leads III, aVE, and
V, through V. A computed tomographic (CT) scan
of the head, obtained without the administration of
contrast material, revealed a focus of low attenuation
in the left frontal lobe, which was consistent with
the presence of an infarct. There was a focus of high
attenuation consistent with the presence of a tiny
hemorrhage in the right parietal region. A focus of
low attenuation in the right cerebellar cortex was
also consistent with the presence of an infarct. The
cranial bones and paranasal sinuses appeared normal.
The findings on chest radiography were normal. Tests
for antineutrophil cytoplasmic antibodies and anti—
glomerular-basement-membrane antibodies were
negative.

A diagnosis of thrombotic thrombocytopenic pur-
pura was made. Three specimens of blood and one
specimen of cerebrospinal fluid were sent for cul-
ture. Methylprednisolone (40 mg) was administered
intravenously. In the early hours of the second hospi-
tal day, the temperature was 36.2°C, and the blood
pressure was 130/70 mm Hg. Laboratory studies
were performed (Tables 1 and 2).

Potassium chloride and a bolus of normal saline
(600 ml) were given intravenously, followed by plas-
mapheresis with volume replacement with fresh-fro-
zen plasma. About an hour after the beginning of
plasmapheresis, and 15 minutes after the beginning
of a transfusion of packed red cells, the blood pres-
sure fell to 80/50 mm Hg; the patient reported
chills and acute dyspnea developed. Examination
showed diffuse, bilateral crackles without wheezes.
Plasmapheresis and transfusion were interrupted.
Oxygen was administered by nasal prongs, but the
oxygen saturation declined progressively from 100
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Figure 1. Anteroposterior Chest Radiograph Obtained with Port-
able Equipment, Showing Diffuse, Bilateral Air-Space Consoli-
dation Consistent with the Presence of Pulmonary Edema.

percent to 75 percent during the next 45 minutes.
At that point, while the patient was breathing oxy-
gen at a rate of 4 liters per minute, a specimen of
arterial blood was obtained. The partial pressure of
oxygen was 49 mm Hg, the partial pressure of car-
bon dioxide was 35 mm Hg, and the pH was 7.48.
The hematocrit was 21 percent. The trachea was in-
tubated, and while the patient was undergoing me-
chanical ventilation with 100 percent oxygen, the
partial pressure of oxygen was 254 mm Hg, the par-
tial pressure of carbon dioxide was 37 mm Hg, and
the pH was 7.39. A phenylephrine drip was institut-
ed; no diuretic was given. An electrocardiogram
showed a prolonged QT interval, with minor chang-
es in the T-wave abnormalities. A radiograph of the
chest (Fig. 1) revealed diftuse, bilateral air-space con-
solidation, a finding consistent with the presence of
pulmonary edema. An urgent cardiac ultrasono-
graphic study showed no abnormalities.

The patient was transferred to an intensive care
unit. Her breathing improved promptly after intuba-
tion, and hemodynamic stability returned. Chest ra-
diography was performed 2 hours and 20 minutes
after the previous examination; the pulmonary vas-
culature was indistinct because of poor penetration.
Urgent evaluation by the blood bank revealed no ev-
idence of a reaction to the transfusion, and the re-
mainder of the fresh-frozen plasma was transfused
without incident. Plasmapheresis was resumed after
an interruption of two hours and was concluded af-
ter another two hours; 5990 ml of fluid was admin-
istered, and 4193 ml was withdrawn. The tempera-
ture rose to 37.9°C and subsided to 37.2°C three

hours after the plasmapheresis was concluded. He-
matologic studies were performed (Table 1).

A chest radiograph obtained 23 hours after the
most recent examination showed marked improve-
ment in the pulmonary edema. The trachea was ex-
tubated within 48 hours after admission without
incident. During the next two days, the creatine ki-
nase level remained normal, and repeated electro-
cardiograms revealed gradual improvement in the
T-wave abnormalities. The patient no longer had
dyspnea, but she remained mute. Daily plasmapher-
esis was performed without incident. The platelet
count rose progressively to 173,000 per cubic milli-
meter by the fourth hospital day. All culture speci-
mens were negative.

A diagnostic procedure was performed.

DIFFERENTIAL DIAGNOSIS

Dr. MARK A. Porovsky*: This middle-aged
woman presented with severe anemia and moderate-
ly severe thrombocytopenia. She also had a microan-
giopathic hemolytic process and a catastrophic cere-
brovascular event.

Three typical findings led to the diagnosis of
thrombotic thrombocytopenic purpura: thrombo-
cytopenia, hemolysis, and neurologic symptoms, but
fever and renal dysfunction, which are frequently as-
sociated with this disorder, were absent. The prog-
nosis for patients with thrombotic thrombocytope-
nic purpura has improved greatly over the past 20
years. Without treatment, the mortality rate is 90
percent within three months; with current treat-
ment, it is only 10 to 30 percent.! The front-line
therapy is plasma exchange with plasma reinfusion.
It was used in this case and led to a transfusion-
associated complication. The development of acute
respiratory distress, severe hypoxemia, and acute bi-
lateral pulmonary edema, accompanied by hypoten-
sion and fever, in a patient receiving a transfusion is
consistent with the diagnosis of transfusion-related
acute lung injury.

Before discussing this complication, I shall con-
sider the differential diagnosis. Respiratory distress is
a component of several life-threatening complica-
tions of transfusion. In anaphylactic transfusion re-
actions, respiratory distress is related to broncho-
spasm and laryngeal edema, not pulmonary edema,
as was seen in this case. Symptoms begin within sec-
onds to minutes after transfusion of as little as 5 ml
of a plasma-containing blood component. In addi-
tion, skin manifestations, usually intense erythema
and urticaria, are prominent. There were no skin
manifestations in this patient. In most cases, the re-

*Chief executive officer and chief medical officer, American Red Cross
Blood Services—New England Region, Dedham, Mass.; associate clinical
professor of pathology, Beth Isracl Deaconess Medical Center and Harvard
Medical School, Boston.
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action is due to anti-IgA antibodies in the recipient
that are directed against IgA in the blood product.?

Circulatory overload from rapid infusion or mas-
sive transfusion of blood is a frequently overlooked
diagnosis. One study reported a 1 percent frequency
of this complication after orthopedic surgery.? Res-
piratory distress, cyanosis, and tachypnea are promi-
nent features of circulatory overload. Tachycardia and
hypertension are usually present. Symptoms general-
ly develop within several hours after transfusion and
are usually seen in very young or very old patients.
There was no evidence of cardiac decompensation,
however, in this case.

Bacterial contamination is increasingly recognized
as a cause of transfusion-associated morbidity. Hy-
potension and vascular collapse begin within two
hours after the initiation of a transfusion, associated
with gram-positive or gram-negative organisms in
cellular blood components, either platelets or red
cells.+5 Disseminated intravascular coagulation is usu-
ally present and is often related to endotoxemia. In
this case, the D-dimer test was positive, but the fi-
brinogen level was normal, and there is no mention
of diffuse bleeding or other coagulation abnormali-
ties. Cultures were negative.

Immediate hemolytic transfusion reactions may
begin with respiratory distress and hypotension, which
usually develop within several hours after transfu-
sion. Antibodies to the blood group A, B, or AB are
almost always implicated. Disseminated intravascular
coagulopathy is a prominent feature. In this case, the
blood bank found no evidence of a transfusion reac-
tion; presumably, a direct antiglobulin test was neg-
ative, and there was no evidence of a discrepancy in
major blood groups between the transfused units
and the recipient’s blood. May we see the radio-
graphs?

DRr. JO-ANNE O. SHEPARD: The CT scan of the
head shows a focus of low attenuation in the left
frontal region, a finding consistent with the presence
of a cortical infarct; a second cortical infarct is
present in the right cerebellum. The first film of the
chest (Fig. 1) shows bilateral pulmonary edema, with
a normal-appearing cardiomediastinal silhouette. A
film obtained two hours later is similar, but there is
poor penetration. Twenty-three hours later, there
was marked improvement in the pulmonary edema.

Dr. Porovsky: Transfusion-related acute lung in-
jury is a life-threatening complication that is clinical-
ly indistinguishable from the acute respiratory dis-
tress syndrome due to causes such as sepsis. The
clinical manifestations of transfusion-related acute
lung injury include severe bilateral pulmonary ede-
ma and hypoxemia, tachycardia, and cyanosis.%” Al-
though the edema may be confined to the lower
lung fields initially, it usually involves the entire lung
over a period of several hours. Roentgenograms
usually demonstrate “whiteout” by interstitial and
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alveolar infiltrates, but in the first few hours a patchy
pattern may be observed. Other manifestations in-
clude fever and mild-to-moderate hypotension, which
is frequently unresponsive to the intravenous admin-
istration of fluids.

All these clinical manifestations follow the trans-
fusion of plasma-containing blood components, al-
ways within one to six hours and usually within one
to two hours. This patient received both plasma and
red cells. In contrast to patients with circulatory
overload, patients with transfusion-related acute lung
injury have normal central venous pressure and nor-
mal or low pulmonary wedge pressure. Milder forms
of respiratory distress may be within the scope of
this syndrome.

Transfusion-related acute lung injury differs from
the acute respiratory distress syndrome in important
ways. Unlike patients with the acute respiratory dis-
tress syndrome, approximately 80 percent of those
with transfusion-related acute lung injury have both
clinical and physiologic improvement within 48 to
96 hours after the initial injury, if they receive
prompt and vigorous respiratory support.®” Although
the lung injury is irreversible in many patients with
the acute respiratory distress syndrome, it is typically
transient in those with transfusion-related acute lung
injury; the partial pressure of oxygen returns to nor-
mal, with radiologic evidence of rapid clearing of
edema fluid, as in this case. In one study, all 36 pa-
tients with transfusion-related acute lung injury re-
quired supplemental oxygen, and 72 percent required
short-term mechanical ventilation.® In about seven
of the patients, however, pulmonary infiltrates per-
sisted for at least seven days, although even these pa-
tients had no permanent sequelae. Available data
suggest that 5 to 8 percent of patients die from com-
plications of the pulmonary injury,® making it one of
the three most common causes of transfusion-asso-
ciated deaths, along with bacterial contamination
and hemolytic transfusion reaction.

The frequency of transfusion-related acute lung
injury is unknown. In a study conducted in the mid-
1980s, 1 in 5000 plasma-containing transfusions was
associated with this reaction.®9 However, this study
was performed during the period in which blood
banks in the United States were converting to the
use of red-cell concentrates that contained consider-
ably less plasma. With the reduction of plasma from
an average of 100 ml to a maximum of 50 ml per
transfused unit, the frequency of transfusion-related
acute lung injury has probably decreased, even though
the number of reports in the literature has greatly
increased. From 1951, when the syndrome was first
described, until 1984, fewer than 40 cases were re-
ported in the English-language literature.!0-18 Since
then, at least 90 cases have been reported,®!9-3¢ and
I am aware of an additional 60 unpublished cases.

In a study by Clarke et al.,35 46 (0.32 percent) of

The New England Journal of Medicine
Downloaded from nejm.org at RUTGERS UNIV ALEXANDER LIBRARY on August 11, 2015. For personal use only. No other uses without permission.
Copyright © 1998 Massachusetts Medical Society. All rights reserved.



CASE RECORDS OF THE MASSACHUSETTS GENERAL HOSPITAL

14,602 transfusions of random-donor platelets ad-
ministered to patients with hematologic cancers were
associated with severe respiratory reactions over a
two-year period in a single general hospital. Rare re-
actions were also seen in recipients of red cells. In
cases of reactions to platelets, the average age of the
platelets at the time of transfusion was 4.5 days,
which was significantly greater than in control cases.
Investigators have failed to identify patients at risk
for transfusion-related acute lung injury, although
recurrences have been reported. The disorder affects
males and females in equal numbers and has been
reported in patients from 1 month to 87 years
old.>2¢ Most patients have not had histories of trans-
fusion reactions.

In a study in New Zealand, 0.001 percent of
440,000 transfusions of blood components were as-
sociated with respiratory reactions.3¢ The fact that
this frequency and that reported by Clarke et al.3s
differ by a factor of more than 300 may reflect the
level of awareness at a particular medical center more
than a true difference in frequency.

There is evidence that transfusion-related acute
lung injury may be underdiagnosed. In a study of
pulmonary edema in patients undergoing surgery,
Cooperman and Price?” found that in half the cases
the edema had been attributed to circulatory over-
load or considered idiopathic. In some of these cas-
es, transfusion-related acute lung injury might have
been responsible. In an analysis of transfusion-asso-
ciated deaths reported to the Food and Drug Ad-
ministration from 1976 to 1985, acute pulmonary
injury was implicated in 31 of 256 cases (12.1 per-
cent).?8 In this study, acute-onset pulmonary edema
was the third most common cause of death from
transfusion. Because of advances in the prevention
of transfusion-associated hepatitis B and C, transfu-
sion-related acute lung injury has increased in rela-
tive importance as a risk of transfusion.

Transfusion-related acute lung injury is associated
with the transfusion of blood components contain-
ing plasma. Reported cases have involved whole
blood, red cells prepared in a variety of preservation
solutions, granulocytes collected by apheresis, plate-
let concentrates, and platelets collected by apheresis
and cryoprecipitation.¢ In most cases, the implicated
blood component contains more than 60 ml of plas-
ma. It is noteworthy that plasma derivatives, such as
albumin, plasma protein fraction, and gamma glob-
ulin, which are manufactured from large pools of
donated plasma with the use of Cohn fractionation
procedures, have not been associated with transfu-
sion-related acute lung injury.

Although the pathogenesis of transfusion-related
acute lung injury is unknown, there are sufficient
clues to implicate an immune reaction. Unlike most
immunologically triggered transfusion reactions, the
pathologic antibodies in transfusion-related acute

lung injury typically originate from donors, rather
than recipients. Numerous reports have documented
the presence of HLA-specific antibodies or leukoag-
glutinins in plasma from the donors of implicated
blood components.l® In a study, Moore and I found
such antibodies in 89 percent of 36 cases.® In about
half the cases, HLA-A or HLA-B antibodies from
the donor of the implicated blood components cor-
responded with one or more of the recipient’s HLA
epitopes. Goeken and coworkers!é have reported sim-
ilar findings. In other studies, neutrophil-specific an-
tibodies (to NA2, 5b, and NB2) have been identi-
fied in the serum of implicated units of blood.13.18.23
The donors of these blood components are usually
multiparous women. I know of one case in which
blood components donated by a woman who had
had 16 pregnancies were associated with transfusion-
related acute lung injury in at least three patients. In
5 percent of reported cases, HLA antibodies or neu-
trophil-specific antibodies were found in serum ob-
tained from the patient before transfusion. In 5 to
15 percent of cases, no antibody was identified in ei-
ther patient or donor.

Antibodies in the donor are suspected to be the
causative agent, because the “substrate” with which
the leukocyte antibodies can react — namely, the re-
cipient’s entire circulating and marginated pool of
leukocytes — is far larger than the quantity of leu-
kocytes present in a single transfused component.
Transfusion-related acute lung injury apparently be-
gins with the passive transfer of antibody from the
donor’s plasma to the recipient, which sets oft a
chain of reactions.

Much of the current understanding of the relation
of these antibodies to transtusion-related acute lung
injury is gleaned from studies of the acute respirato-
ry distress syndrome. Although the mechanisms in-
volved in the development of this syndrome are
complex, considerable evidence suggests that when
complement is activated, C5a promotes aggregation,
margination, and sequestration of neutrophils in the
pulmonary microvasculature.3*# Studies in rabbits
as well as observations in patients with the acute res-
piratory distress syndrome show that when comple-
ment-activated neutrophils release proteases, oxygen
radicals, and acidic lipids, the pulmonary vascular
endothelium is damaged, with subsequent extravasa-
tion of protein-laden fluid into the interstitium and
alveoli.4142

In studies in animals, Larsen et al.** demonstrated
that C5a fragments consistently produced lung in-
flammation characterized by neutrophil accumula-
tion and edema. These changes probably account for
the radiographic and clinical findings in patients
with transfusion-related acute lung injury. In one
study, transfusion of 50 ml of blood containing leu-
koagglutinins to a healthy person caused a severe
pulmonary reaction,* suggesting that the passive
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transfer of leukocyte antibodies may have an impor-
tant, if not decisive, role in triggering the reaction.
Since lymphocytotoxic (i.e., HLA) antibodies readi-
ly fix complement, passive transfusion of these anti-
bodies probably accounts for complement activation
and the sequence of clinical events described previ-
ously.

Observations described by Seeger et al.#> contrib-
ute to our understanding of the relation between
donor antibodies and the development of transfu-
sion-related acute lung injury. Using an ex vivo rab-
bit-lung model, these investigators found that acute
lung injury with severe edema resulted from the in-
fusion of a mixture of complement, antibodies to 5Db,
and 5b-positive human neutrophils. This change was
seen three to six hours after the infusion, paralleling
the clinical presentation in humans. Other investiga-
tors have documented a similar pathologic time
line.#2 When complement, antibodies to 5b, or 5b-
positive granulocyte antigen was omitted from the
experiments, no pathologic changes occurred. Al-
though these findings suggest that the correspond-
ence between antibody specificity and a transfusion-
recipient epitope is important in the pathogenesis of
the respiratory decompensation seen in transfusion-
related acute lung injury, they do not explain cases
in which the HLA- or neutrophil-specific antibody
does not share epitopes with the recipient. Despite
the presence of HLA-specific antibodies in 1 to
2 percent of blood donors, transfusion-related acute
lung injury is an infrequent result of transfusion.

Other factors, such as the character of the anti-
body, the nature and distribution of the related an-
tigen, the extent of complement activation, and the
immune status of the recipient, probably determine
the final clinical response.3*#6 Silliman et al.?3 iden-
tified a group of patients with transfusion-related
acute lung injury in whom no HLA or leukocyte an-
tibodies were found. The investigators reported the
presence of a neutrophil priming agent, a lipid, in
the blood components given to these patients. They
postulated that this lipid develops during routine
storage of blood components and that it primes
polymorphonuclear oxidase. They found that cellu-
lar blood components (e.g., whole blood, red cells,
and platelet concentrate) at the end of their normal
shelf life contained a priming agent that enhanced
polymorphonuclear NADPH oxidase activity by a
factor of 2.1 to 2.8.33 Since this study provided the
first description of a non—antibody-mediated model
of transfusion-related acute lung injury, confirma-
tory studies are needed.

One other mechanism that merits discussion in-
volves cytokines. Several reports implicate cytokines,
including tumor necrosis factor and interleukin-8, in
the pathogenesis of IgG-mediated hemolytic trans-
fusion reactions.*”#8 Patients with such reactions may
have hypoxemic or hypercapneic respiratory failure,

2010 December 31, 1998

or both.# It may be relevant that during hemolytic
transfusion reactions, the levels of tumor necrosis
factor increase, and tumor necrosis factor has been
implicated in the development of septic acute respi-
ratory distress syndrome.5® It has been suggested
that the release of considerable quantities of tumor
necrosis factor from degranulating neutrophils may
contribute to the injury of pulmonary-capillary en-
dothelium that occurs in the acute respiratory dis-
tress syndrome. How these observations are related
to transfusion-related acute lung injury remains con-
jectural. The syndrome is probably part of a spec-
trum of lung injury, with its effects lying between
the reversible changes of noncardiogenic pulmonary
edema and the permanent structural changes of the
acute respiratory distress syndrome.

Since there is no diagnostic test for or pathogno-
monic sign of transfusion-related acute lung injury,
it is a diagnosis of exclusion. One must rule out the
other causes of respiratory distress and pulmonary
edema in patients receiving transfusions: myocardial
infarction, circulatory overload, and bacterial infec-
tion. Normal central venous and pulmonary wedge
pressures are consistent with the diagnosis of trans-
fusion-related acute lung injury. The presence of lym-
phocytotoxic, HLA, or granulocyte-specific antibod-
ies in the donor’s or recipient’s serum is strongly
suggestive of the diagnosis. A positive result of a
lymphocyte crossmatch between donor and patient
provides important supportive evidence.

Although early reports of transfusion-related acute
lung injury described fulminant respiratory distress,
not all cases are life-threatening. Respiratory support
should be as intensive as necessary. In almost all cas-
es, oxygen supplementation is essential, and if the
hypoxemia is severe, intubation and mechanical ven-
tilation are important. Once the diagnosis is serious-
ly considered, therapy should be started promptly.
Pressor agents may be useful in cases of sustained
hypotension. Corticosteroids are probably of mar-
ginal value, and diuretics have no role because mi-
crovascular injury, rather than fluid overload, is in-
volved.

In cases in which antibody from a donor has been
implicated, no special preventive measures are neces-
sary to manage future transfusions of plasma-con-
taining components. It has been suggested that in
the few cases involving antibody in the recipient, fu-
ture transfusions of cellular components be filtered
to reduce the leukocyte content. In view of the low
reported incidence of transfusion-related acute lung
injury, however, no data are available to support or
refute this approach.

I conclude that the patient under discussion had
thrombotic thrombocytopenic purpura that was com-
plicated by acute lung injury related to transfusions
of plasma or red cells during therapeutic plasma ex-
change. The diagnostic procedure was probably a
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screening test for HLA or granulocyte antibody in
serum from donors or donor units. I would also
have performed a lymphocyte crossmatch.

Dr. ROBERT B. CoLvIN: Is the very short inter-
val between the transfusion and the reaction in this
case characteristic of transfusion-related acute lung
injury?

DRr. Porovsky: I have seen cases in which the in-
terval was only a few minutes, although the typical
interval is 30 to 120 minutes.

CLINICAL DIAGNOSIS

Transfusion-related acute lung injury.

DR. MARK A. POPOVSKY’S DIAGNOSIS

Thrombotic thrombocytopenic purpura compli-
cated by transfusion-related acute lung injury.

PATHOLOGICAL DISCUSSION

DR. SusaN L. SAIDMAN: The diagnostic test was
a cytotoxicity assay for antilymphocyte antibodies.
Plasma from the donor units, as well as a sample of
the patient’s serum obtained before the plasmapher-
esis, was screened with the use of a panel of lympho-
cytes chosen to contain a broad array of HLA anti-
gens (with the result expressed as the percentage of
panel-reactive antibody). All the samples from donors
were negative for antilymphocyte antibodies, except
for a sample from one donor who was multiparous.
The diagnosis was supported by a positive cytotoxic
crossmatch, with the donor’s plasma reacting against
the patient’s lymphocytes.

Dr. CoLvIN: Do we know the specificity of the
donor’s antibodies? I assume they were HLA class 1.

DRr. SAIDMAN: They were class I. The crossmatch
was positive with the patient’s T lymphocytes, indi-
cating that the antibody was probably specific for
HLA class I antigens. On the basis of the cell panel
that was tested, we could not identify which class I
antigens were being recognized. Because the cross-
match was positive, we did not perform additional
tests to determine specificity.

DRr. EUGENE J. MARK: The patient recovered af-
ter the acute episode, and she left the hospital a few
days later.

LABORATORY DIAGNOSES

Transfusion-related acute lung injury.
Thrombotic thrombocytopenic purpura.
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