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Editor's introductory comments: Plasma exchange (pheresis) is being utilized with increasing 
frequency for a variety of disorders. Although serious reactions are infrequent, the a l ~ i s t -  
immunologist may be consulted and should be informed about the problem. The following 
report reviews the situation based on a case observed by the authors. 

An approach to immunologic reactions 
associated with plasma exchange 
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Removal ,  addition, or exchange of blood products 
has become an important part of the therapy of many 
diseases. Techniques, such as plasmapheresis ,  have 
been used in neurologic diseases, such as myasthenia 
gravis and Guillain-Barr6 syndrome, hematologic dis- 
eases, such as TFP, and autoimmune diseases, such 
as systemic lupus erythematosus. ~-3 These procedures 
are frequently complicated by reactions that are con- 
sidered immunologic.  47 The actual mechanisms gov- 

erning specific instances may not be identified. 

Although most of these reactions are mild,  involv- 
ing urticaria and pruritus, some reactions have been 
more severe, and fatalities have been r epo r t ed?  5.7-~0 

It is important for the allergist-immunologist  to be 
aware of  these reactions; despite limited information 
regarding pathogenic mechanisms, an approach can 
be developed for evaluation and treatment of  patients 
developing these complications. 

Such a strategy is suggested by the case of a pri- 
migravida who at 6 weeks gestation developed throm- 
bocytopenia and hemolytic anemia. Subsequently, 
during PE, she began to have allergic-type reactions. 
An approach to the treatment of  reactions associated 
with plasmapheresis  and, in particular, FFP infusions 
is presented. Special attention is focused on the impact 
of pregnancy in this situation. In addition, what is 
known about the underlying immunologic mecha- 
nisms is reviewed. 

From the Department of Medicine, University of Connecticut 
Health Center, Farmington. Conn. 

Reprint requests: Andrea I. Apter, MD, Department of Medicine, 
LG-006. University of Connecticut Health Center, Farmington. 
CT 06030. 

I / I / 37787 

Abbreviations used 
TTP: Thrombotic thrombocytopenic purpurz~ 
FFP: Fresh-frozen plasma 
p.o.: By mouth 

PE: Plasma exchange 
IC: Immune complex 

RBC: Red blood cell 

CASE REPORT 
Init ial  p resenta t ion  

A 23-year-old primigravida in her sixth week of what 
had been an uneventful pregnancy was noted to be jaundiced 
by her acquaintances. There were no significant past medical 
problems. 

On physical examination, her temperature was 10W F, 
but other vital signs were normal, including her blood pres-- 
sure that was 102/60 mm Hg. The remainder of the ex- 
amination was noteworthy for the obvious jaundice and a 
few scattered petechial lesions on the lower extremities, 
There was no evidence of neurologic abnormalities. 

Subsequent laboratory evaluation revealed a platelet count 
of 6000/mmL The hematocrit was 33.4%, the reticulocyte 
count was 1.2%, and the haptoglobin was ,<5 mg,'dL The 
white blood count was 12,600/mmL The total bilimbin was 
12.5 mg/dl, and the direct bilirubin was 0~4 mg/dl, The 
lactate dehydrogenase was 885 U/ml (normal range, 8~ to 
175 U / ml), but the aspartate aminotransferase, alanine ami- 
notransferase, and alkaline phosphatase were normal. A 
direct Coombs' and an antinuclear antib~vdy test were neg- 
ative. Blood urea nitrogen and creatinine were unremark- 
able, but a urinalysis revealed proteinuria, and :-~-~. 100 RBC 
per high-power field. Complement values were normal. Ev- 
idence of RBC fragmentation was observed on :inspection 
of the peripheral blood smear. Schistocytes, spherocytes, a 
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few helmet cells, and giant platelets were present. Bone 
marrow examination disclosed a normocellular marrow with 
adequate numbers of megakaryocytes. 

Taken together, the smear and bone marrow findings were 
considered to indicate peripheral destruction of both eryth- 
rocytes and platelets. With thrombocytopenia, evidence of 
microangiopathic hemolytic anemia, renal dysfunction, and 
fever, a tentative diagnosis of TTP was made. 

Subsequent course 
Plasmapheresis with FFP replacement was initiated. To- 

ward the end of the first procedure, urticaria and pruritus 
developed. Diphenhydramine was administered, but shortly 
afterward, while the patient was walking to the bathroom, 
she became light-headed. Her blood pressure at that time 
was 96/68 mm Hg, and her heart rate was 132 beats/min. 
Normal saline was infused, and her vital signs were stabi- 
lized. At the end of a subsequent plasmapheresis, despite 
antihistamine premedication, the patient reported chest 
tightness. On another occasion, a physician described the 
presence of mild wheezes. An IgA level obtained from se- 
rum drawn before any therapy was administered was 77 
mg/dl (normal range, 75 to 420 mg/dl). Assays for anti- 
IgA and antiplatelet antibodies were negative. 

Initially, plasmapheresis was performed on a daily basis 
with 10 to 12 U of FFP infused during each treatment. 
Because of concern of hypotension and bronchospasm, a 
premedication regimen before PE was instituted. Predni- 
sone, 50 mg p.o., was administered 13, 7, and 1 hour before 
plasmapheresis. In addition, 1 hour before the procedure, 
diphenhydramine, 50 mg p.o., and ephedrine, 25 mg p.o., 
were administered. With these prophylactic medications, 
the patient never had more than a few hives after plasma- 
pheresis. Her platelet count, the haptoglobin, and bilirubin 
levels returned to normal; the hematocrit stabilized. The 
interval between procedures was gradually lengthened. Dur- 
ing most of the latter half of her pregnancy, she required 
plasmapheresis once a week. Attempts were made to reduce 
the prepheresis doses of corticosteroids and diphenhy- 
dramine. Although the prednisone dose was successfully 
reduced to 40 mg, these efforts were generally unsuccessful. 
She subsequently delivered a healthy 7 pound 7 ounce male 
child at 364/7 weeks gestation. Apgar scores were 9 and 9. 

In the 2 days immediately surrounding delivery, schis- 
tocytes were noted on the blood smear, and the platelet count 
was slightly below normal. Plasmapheresis was reinstituted. 
Soon afterward, her TI'P went into remission and she has 
not required plasmapheresis since that time. A total of 57 
PEs had been performed with infusion of 687 units of FFP. 

DISCUSSION 

In summary,  this is a case of  a primigravida who 
was considered to have TTP and required extraordi- 
nary numbers of  PEs. In the course of  therapy, she 
was able to tolerate 687 U of  FFP, despite the potential 
for life-threatening adverse reactions. 

The primary processes of  thrombocytopenia with 
microangiopathic hemolytic anemia and visceral or- 

gan involvement were manifest, indicating the diag- 
nosis of  TTP. Although neurologic symptoms were 
absent, this was not considered inconsistent with the 
diagnosis,  since 8% to 48% of patients lack these 
manifestations on presentation. ~ Untreated, TTP has 
a mortality rate approaching 100%. However, when 
PE is instituted expeditiously, a vastly improved sur- 
vival rate of  approximately 80% can be achieved. 3, ~ 

For the allergist, the events illustrated by this case 
raise three important questions: (1) What are the im- 
munologic reactions associated with PE? (2) How can 
these reactions be controlled so that life-threatening 
episodes are prevented? (3) What are the additional 
considerations when the patient is pregnant? In most 
instances the adverse reactions to the plasmapheresis 
process are mild; however, hypotension and broncho- 
spasm resulting in possible hypoxia for mother and 
fetus may occur. 

Incidence of immunologic reactions 

Although definitions of  an "allergic reaction" dur- 
ing plasmapheresis  may vary among investigators, the 
reported incidence appears to range from 6% to 12% 
(Table I). In our own experience with 699 plasma- 
pheresis procedures using a rotating membrane sys- 
tem, ~2 there were 21 immunologic reactions for an 
incidence of  3%. Of the 21 reactions, five were ana- 
phylactic type and 16 were mild reactions, consisting 
of pruritus, erythema, or urticaria. All  these reactions 
were limited to the 127 procedures in which FFP was 
at least part of  the replacement fluid. Thus, in PEs 
involving FFP, the overall  reaction rate was 17%, 4% 
being potentially life-threatening. Al l  the severe re- 
actions occurred in the patient presented in this study. 

As suggested by our own experience, the reaction 
rate is higher when FFP is used as the replacement 
fluid. Isbister 5 and Isbister and Biggs 13 state that, with 

repeated exposure to plasma products, the total rate 
of such reactions as pruritus, erythema, urticaria, or 
anaphylactic-type reactions in an individual patient 
may reach 50%. Sutton et al. 4 and Rock and 
Tricklebank ~4 have noted not only the increased rate 
when the replacement  is FFP but also that patients 
tend to have repeated reactions. 

Immunologic mechanisms related to the 
plasmapheresis technique 

During plasmapheresis ,  immunologic reactions can 
be considered as either related to the technique or to 
the blood product administered. First,  consider the 
plasmapheresis apparatus and technique. 

Plasmapheresis involves separation of  plasma by 
either centrifugation or filtration. The method used at 
the University of  Connecticut Health Center involves 
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filtration, t_~ Much of the information on reactions re- 
lated to membrane filtration comes from the hemo- 
dialysis experience. Cuprophane membranes, widely 
used in hemodialysis, have been associated with hy- 
potension, bronchospasm, flushing, and angioedema 
in conjunction with complement activation and leu- 
kopenia. ~5 =7 In addition, hemodialysis reactions have 
been associated with cold sterilization of dialyzers 
with ethylene oxide.~5 ,~. ~ Reprocessing methods, 
such as the use of bleach, have been demonstrated to 
influence the frequency of reactions in reused 
equipment.-'~ 

Similar reactions linked to ethylene oxide have now 
been reported with plasmapheresis. 2'. 22 Cuprophane 
membranes are not used for PE. However, a closely 
related membrane, cellulose acetate, has been used 
and may cause some complement activation. 2~ The 
onset of all these reactions, unlike the situation de- 
scribed in this study, is generally at the start of the 
procedure, usually within the first 15 minutes. 

In this case report, such mechanisms are unlikely 
in that the filter was labricated from a relatively bio- 
compatible polyamide membrane, and sterilization did 
not involve ethylene oxide. Finally, the delayed time 
of onset of the reaction would be unusual. ~5, 22 In 
summary, it appears unlikely that this patient's re- 
actions were related to the plasmapheresis apparatus. 

Immunologic mechanisms related to the 
plasma infusion 

It is more likely that the administration of blood 
products during plasmapheresis was involved. In par- 
ticular, this patient received PE with infusion of FFP. 
When the replacement fluid is FFP, allergic-type re- 
actions occur more frequently? 7 

FFP contains such proteins as albumin, immuno- 
globulins, coagulation and fibrinolytic factors, and 
complement. One of the commonest, best studied, and 
most serious immunologic reaction occurs when the 
recipient is lgA deficient. 7 ~o Approximately half of 
such IgA-deficient individuals have anti-IgA antibod- 
ies. 24 Most of these antibodies are of IgG isotype, 
although lgE-anti-IgA has been reported.'~ When 
immunoglobulins, including IgA, are infused, ICs of 
IgA and lgG-anti-lgA can activate complement. The 
anaphylatoxins C3a and C5a are generated and trigger 
mast cell and possibly basophil degranulation. How- 
ever. this patient was not IgA deficient. In fact, assays 
of her serum obtained on admission revealed no evi- 
dence of anti-IgA antibodies. 

Complement activation may occur by the formation 
of ICs other than those comprised of IgA and anti- 
bodies of other immunoglobulin isotypes. ICs intro- 
duced by the infusion itself, or ICs formed by the 

TABLE I. Inc idence of  a l le rg ic  react ions m 
p lasmaphe res i s  in rep resen ta t i ve  s tud ies  ~ 

Primary author No. of PEs 

% of 
allergic 

reactions 

Centrifuge plasma separation 
Aufeuvre~:L Springer et aI? ~' 3086 ~ 
Fabre" 57:~ 12 

Membrane plasma separation 
Samtleben ~'~ 120 x 3 
Sprenger "~ ~(i6 ~. 7 

Membrane and centrifuge~ 
Sutton ~ 5Z.~5 i!; .7+ 

*The different percentages may reflect the variable degree to which 
plasma containing solutions, such as FFP, were used. 

+Both separation systems were used. 
-~:These episodes were associated with fever, chills, and urticaria, 

but there were 120 incidents of hypotension and lwo respiratory 
arrests not included. 

interaction of donor and recipient proteins may acti- 
vate the alternate pathway of complement. Support 
for this concept comes from the observation that re- 
peated exposure to plasma may increase the reaction 
rate to an incidence of 50%. 5 7 Such infusions of 
antigenic molecules may result in activation and pro- 
liferation of B-lymphocytes with subsequent antibody 
production. 

Whether antibodies are present or newly generated 
in the recipient, they may be directed at many potential 
antigens. For example, although there was no evidence 
of anti-lgA in this patient, small amounts of recipient 
allotypic antibody to IgA, IgG, an antigenically dis- 
tinct complement protein or to any infused protein 
may result in the formation of ICs. ~ ~'~ ,6 Conversely, 
donor antibodies may be infused that recognize soluble 
antigens. 

There are many antigens on RBC membranes and 
not all characterized routinely by blood banks before 
transfusion. Similarly, antigens have been recognized 
on the membranes of other blood cells, including 
platelets. 7 Antibodies to such antigens may be present 
in plasma infusions, and some of these antigens, such 
as the Lewis antigen, are soluble, :v but whether this 
is of significance in terms of allergic-type reactions is 
unknown. It is also possible that some membrane- 
associated antigens may be closely related to soluble 
antigens which the same infused antibody may rec- 
ognize. There is a study of a severe transfusion re- 
action occurring in an individual who had been di-: 
agnosed to lack an RBC antigen called Rodgers. This 
patient was also revealed to have IgG directed against 
C4. The HLA locus coding for the Rodgers antigen 
and C4 are near each other, u~. >: A proposed interpre- 
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TABLE II. Reported and hypothesized causes of immunological ly  based adverse reactions 
associated wi th plasmapheresis 

Mechanism Reference No. 

Mast cell and/or basophil degranulation 
Complement Activation 

IgA, IgG-anti-lgA complexes in lgA deficiency 
Membrane incompatibility 
Other IC formation 

Blood product antigen 
IgE-mediated hypersensitivity 

Infused IgE and subsequent antigen exposure 
Sensitization with infused antigen 

Ethylene oxide 
Antibiotic, food antigen 
IgA 

Direct mast cell degranulation 
Opiates in infusion 

Other mediators 
Kinin activation or infusion 
Arachidonic acid product participation 
Platelet-activating factor 

Failure to inactivate mediators 

10, 24 
6 
7, 10, 24 
23, 47 
7, 10,24 
26 

10, 24, 29 

21, 22 
10 
25 

24 

5 ,7 ,13 
7, 10 
10 
5 

tation of the events was that previous transfusions 
sensitized the recipient to Rodgers antigen, resulting 
in production of an antibody that also cross-reacted 
with an allotype of C4 introduced in the present in- 
fusion. 

Mechanisms other than complement activation have 
been proposed. Mast cell degranulation as a conse- 
quence of infused lgE binding to receptors on mast 
cells followed by antigen exposure is theoretically 
possible. Transfer of specific IgE to food antigens 
followed by exposure to relevant antigens has been 
hypothesized in one case report. 24" 29 It has been sug- 
gested that infusion of IgE to penicillin determinants 
followed by administration of such an antibiotic to the 
recipient could result in anaphylaxis, ~o but further in- 
vestigation of this hypothesis is necessary. In reverse, 
it also has been speculated that mast cell degranulation 
could occur after an infused antigen, such as penicil- 
lin, binds and cross-links IgE already present on mast 
cells in a penicillin-allergic recipient, lO Theoretically, 
direct mast cell degranulation could occur if an opiate 
is contained in the infusion. 

Another proposed explanation is that repeated PE 
may deplete enzymes, such as histaminases or pro- 
teases, which would normally break down the prod- 
ucts of immune reaction. 5 

Other cells and mediators may be associated with 
some of these reactions. Basophil degranulation hy- 
pothetically could occur. Production of bradykinin 
could prove important. 5' 7. 13 Prekallikrein activators 

and other components of the kinin system may be 
infused in the FFP. 13 Arachidonic acid products, such 
as leukotrienes, may participate, 7 but their roles have 
not been established. Platelet-activating factor, like 
the leukotrienes, is a phospholipid and mast cell prod- 
uct that can generate a wheal-and-flare reaction when 
it is injected into skin, cause hypotension by intra- 
venous injection, and activate eosinophils and neu- 
trophils. These mechanisms are summarized in Table 
II. 

Diagnostic tests 

Given that the mechanisms governing these im- 
mediate reactions are not completely understood, what 
diagnostic tests should be performed? If the suspected 
problem is related to the plasmapheresis technique, 
changing the equipment may be the most useful ma- 
neuver. However, if changing the technique does not 
eliminate the problem or, instead, the infusion is im- 
plicated, the analysis becomes more difficult. If  it is 
possible, the relevant immunogen should be deter- 
mined. An assay for anti-IgA should be performed. 
It may be possible to obtain other in vitro tests for 
specific IgG or IgE, for example, an ELISA for eth- 
ylene oxide-human serum albumin. In some cases, 
the presence of relevant IgE may be identified by skin 
testing, for example, penicillin skin testing. Blood 
levels of tryptase may implicate mast cell participa- 
tion. 3~ Prostaglandin D2 is another mast cell product, 
but measurement is difficult.a~ Plasma histamine levels 
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peak within minutes of an anaphylactic event. His- 
tamine is present in the urine somewhat longer and 
may indicate mast cell or basophil involvement.  Un- 
fortunately, these tests may not be readily available,  
although a test for tryptase levels in becoming more 
easily obtainable.-" The assays for the products of  
complement activation, C3a and C5a, are also difficult 
and not routinely available but are more sensitive mea- 
sures of complement  activation than measuring C3 or 
C4 or total hemolytic complement.  32 However, tests 
of mast cell or complement  activation do not identify 
the specific inciting immunogen and, for that reason, 
may not be particularly helpful. 

Impact on pregnancy 

No matter which mechanisms are pertinent, a cli- 
nician must attempt to control serious reactions, par- 
ticularly when the patient is pregnant. Maternal hy- 
potension or maternal hypoxia that may result from 
anaphylaxis can compromise fetal oxygenation. 33 ~ 
Maternal hyperventilation occurring during these re- 
actions and resulting in maternal hypocapnia and al- 
kalemia may also compromise fetal oxygen supply. 3~ 
Chronic oxygen deprivation in the fetus may be as- 
sociated with reduced fetal growth, prematurity, and 
low birth weight )"  However, the critical amount and 
duration of  such oxygen deprivation has not been de- 
fined. '~ Nevertheless, disregarding the underlying 
TTP and borrowing from the experience with asthma 
in pregnancy, it would appear that, if maternal oxy- 
genation and perfusion can be maintained, maternal- 
fetal outcome will approach that of  the general pop- 
ulation,> ~,, 

Management 

Because this pregnant patient required frequent PEs 
and there was concern of  possible bronchospasm and 
hypotension, a prophylactic premedication regimen 
was initiated. This protocol is the successful regimen 
used in the prophylaxis of  patients with a history of  
radiographic contrast media reaction who require read- 
ministration of radiographic contrast med ia?  v, 38 When 
there is an increased risk of  such anaphylactic-l ike 
events, this regimen appears to have widespread ap- 
plication. Recently, this premedication has been used 
in preventing intraoperative anaphylaxis in patients 
with a history of such events. 39 40 Furthermore, such 

pretreatment has been proposed for preventing unex- 
plained allergic-type reactions occurring in required 
blood product transfusion, m The case presented here 
is the most extensive application of  such a regimen 
in PE. Because a role for corticosteroids in the treat- 
ment of TTP has recently been proposed,  4' the use of  
prednisone in this case is particularly fortuitous. Fi- 

nally, these medications are appropriate :m prego 

nancy. > 42 

SUMMARY 

Immunologically mediated anaphylactic-type 
events are not uncommon with PE. The pathogenesis 
of  these reactions is not well understood and demands 
:further investigation. If a technique or equipment- 
related phenomenon can be identified, it should be 
addressed l e .g . ,  replace the membrane for a more 
biocompatible membrane and use better rinsing pro- 
cedures to eliminate ethylene oxide). Testing tbr spe- 
cilic relevant immunogen, either by in vivo or i~ vitro 
methods, if these methods are available, should be 
considered. If infusion of  essential blood products is 
the most likely cause, then a premedication regimen 
may be helpful in preventing such reactiom,. As ~he 
risks and benefits of  treatment are weighed, it is im- 
portant to remember  that every hive need not be elm> 
inated. Instead, the goat is to prevent compromise to 
oxygenation and perfusion in both mother and fetus 
while comfort is maintained and drug-induced adverse 
effects are avoided. 

We thank Dr. Frederick Rickles and Dr. Richard Edwards 
for their comments. 

REFERENCES 
1. Rock G, ed. Apheresis. New York: Wiley-Liss, P~9~i 
2. Rock GA, Tricklebank GW, Kasaboski CA. Plasma exchange 

in Canada. The Canadian Apheresis Study Group Can Med 
Assoc J 1990;142:557-62, 

3. Rock GA. Shumak KH, Buskard NA, et al~ Comparison of 
plasma exchange with plasma infusion in the u'eatment ol 
thrombotic thrombocytopenic purpura, ['he Canadian Apher- 
esis Group, N Engl J Med 1991;325:393-7. 

4. Sutton DMC, Nair Re, Rock G. The Canadian apheresis 
group. Complications tff plasma exchange. !~ansfusion 
1989:29:124-7. 

5. lsbister JP. The risk/benefit equation for therapeutic plasma 
exchange. In: Nydegger UE. ed. Therapeutic hemaphemsis in 
the 1990s: Current study of hematology and blood transfusion. 
Basel: Karger, 1990;57:10-30. 

6. Complement activation in plasma exchange lammymous edi- 
toriall, t,ancet 1988;2:t464-5. 

7, Mottison PL. Engelfriet CP, Comreras M. Some unfavourabte 
effects of transfusion: blood transfusion in climcal medicine. 
8th ed. Oxford: Blackwetl Scientific, 1987:723-(~3. 

8. Patten E. Therapeutic plasmapheresis and plasma exchange. 
CRC Crit Rev Clin Lab Sci 1986:23:147-75 

9. Rubenstein MD, Wall RT, Wood GS, Edwards MA. Compli- 
cations of therapeutic apheresis, including a latal case with 
pulmonary vascular occlusion. Am J Med t983:75:171 4, 

10. Gmenberger PA. Plasma anaphylaxis and immediate type re- 
actions. In: Rossi EC, Simon TL, Moss GS, ed,-. Principles 
of transfusion medicine Bahimore: Wi!liam,, & Wilkins~ 
1991:635--9. 

11. Kwaan He, Clinicopathologic features o~ thrombotic throm- 
bocytopenic puq.gura, Semin Hematol 1987:247 !g !, 



124 Apter and Kaplan J. ALLERGY CLIN. IMMUNOL. 
JULY 1992 

12. Kaplan AA, Halley SE. Plasma exchange with a rotating filter. 
Kidney Int 1990;38:160-6. 

13. Isbister JP, Biggs JC. Reactions to rapid infusion of stable 
plasma protein solution during large volume plasma exchange. 
Anaesth Intensive Care 1976;4:105-7. 

14. Rock G, Tricklebank G. Members of the Canadian apheresis 
study group. Five years of therapeutic plasma exchange in 
Canada. In: Rock G, ed. Apheresis. New York: Wiley-Liss. 
1990:523-6. 

15. Daugirdas JT, Ing TS, Roxe DM, et al. Severe anaphylactoid 
reactions to cuprammonium cellulose hemodialyzers. Arch In- 
tern Med 1985;145:489-94. 

16. Craddock PR, Fehr J, Brigham KL, Kronenberg RS, Jacob 
HS. Complement and leukocyte-mediated pulmonary dys- 
function in hemodialysis. N Engl J Med 1977;296:769-74. 

17. Hakim RM, Breillatt J, Lazarus JM, Port FK. Complement 
activation and hypersensitivity reactions to dialysis mem- 
branes. N Engl J Med 1984;311:878-82. 

18. Grammer LC, Paterson BF, Roxe D, et al. IgE against ethylene 
oxide-altered human serum albumin in patients with anaphy- 
lactic reactions to dialysis. J ALLERGY CLIN IMMUNOL 
1985;76:511-4. 

19. Dolovich J, Bell B. Allergy to a product(s) of ethylene oxide 
gas: demonstration of IgE and IgG antibodies and hapten spec- 
ificity. J ALLERGY CL1N IMMUNOL 1978;62:30-2. 

20. Dumler F, Zasuwa G, Levin NW. Effect of dialyzer repro- 
cessing methods on complement activation and hemodialyzer- 
related symptoms. Artif Organs 1987;11:128-31. 

21. Dolovich J, Sagona M, Pearson F, Buccholz D, Hiner E, 
Marshall C. Sensitization of repeat plasmapheresis donors to 
ethylene oxide gas. Transfusion 1987;27:90-3. 

22. Nicholls AJ, Platts MM. Anaphylactoid reactions due to hae- 
modialysis, haemofiltration, or membrane plasma separation. 
BMJ (London) 1982;285:1607-9. 

23. Jacob AI, Gavellas G, Zarco R, Perez G, Bourgoignie JJ. 
Leukopenia, hypoxia, and complement function with different 
hemodialysis membranes. Kidney Int 1980;18:505-9. 

24. Wasserman SI, Marquardt DL. Anaphylaxis. In: Middleton E 
Jr, Reed CE, Ellis EF, Adkinson NF Jr, Yunginger JW, eds. 
Allergy: principles and practice, 3rd ed. St. Louis: CV Mosby, 
1988:1365-76. 

25. Burks AW, Sampson HA, Buckley RH. Anaphylactic reaction 
after gamma globulin administration in patients with hypogam- 
maglobulinemia: detection of IgE antibodies to IgA. N Engl J 
Med 1986;314:560-4. 

26. Fundenberg HH, Stiehm ER, Franklin EC, Meltzer M, Fran- 
gione B. Antigenicity of hereditary human gamma globulin 
(Gm) factors--biological and biochemical aspects. Cold 
Spring Harbor Symposium of Quantitative Biology. 
1964;29:463-72. 

27. Silberstein L, Spitalnik SL. Blood group antigens and anti- 
bodies. In: Rossi EC, Simon TL, Moss GS, eds. Principles of 
transfusion medicine. Baltimore: Williams & Wilkins, 
1991:63 -78. 

28. Lambin P, Le Pennec PY, Hauptmann G, Desaint O, Habibi 
B, Salmon CH. Adverse transfusion reactions associated with 
a precipitating anti-C4 antibody to anti-Rodgers specificity. 
Vox Sang 1984;47:242-9. 

29. Routledge RC, De Kretser DMH, Wadsworth LD. Severe ana- 
phylaxis due to passive sensitization by donor blood. Br Med 
J 1976;1:434. 

30. Schwarz LB, Metcalf DD, Miller JS, Earl H, Sullivan T. 
Tryptase levels as an indicator of mast cell activation in sys- 
temic anaphylaxis and mastocytosis. N Engl J Med 
1987 ;316:1622-6. 

31. Matsson P, Enander 1, Andersson A-S, Nystrand J, Schwartz 
L, Watkins J. Evaluation of mast cell activation (tryptase) in 
two patients suffering from drug-induced hypotensoid reac- 
tions. Agents Actions 1991;33:218-20. 

32. Kaplan AA, Toueg S, Kennedy TL. Complement kinetics dur- 
ing continuous arteriovenous hemofiltration: studies with a new 
polysulfone hemofilter. Blood Purif 1988;6:27-36. 

33. Greenberger PA, Patterson R. Management of asthma during 
pregnancy. N Engl J Med 1985;312:897-902. 

34. Schatz M, Hoffman CP, Zeiger RS, Falkoff R, Mellon M. The 
course and management of asthma and allergic diseases during 
pregnancy. In: Middleton E Jr, Reed CE, Ellis EF, Adkinson 
NF Jr, Yunginger JW, eds. Allergy: principles and practice. 
3rd ed. St. Louis: CV Mosby, 1988:1093-1155. 

35. Greenberger PA, Patterson R. The outcome of pregnancy com- 
plicated by severe asthma. Allergy Proc 1988;9:539-43. 

36. Apter A J, Greenberger PA, Patterson R. Outcomes of preg- 
nancy in adolescents with severe asthma. Arch Intern Med 
1989;149:2571-5. 

37. Greenberger PA. Contrast media reactions. J ALLERGY CLIN 
IMMUNOL 1984;74:600-5. 

38. Greenberger PA, Patterson R, Tapio CM. Prophylaxis against 
repeated radiocontrast media reactions in 857 cases. Arch In- 
tern Med 1985:145:2197-200. 

39. Moscicki RA, Sockin SM, Corsello BF, Ostro MG, Bloch KJ. 
Anaphylaxis during induction of general anesthesia: subsequent 
evaluation and management. J ALLERGY CL1N 1MMUNOL 
1990;86:325-32. 

40. Gold M, Swartz JS, Braude BM, et al. Intraoperative ana- 
phylaxis: an association with latex sensitivity. J ALLERGY CLIN 
IMMUNOL 1991;87:662-6. 

41. Bell WR, Braine HG, Ness PM, Kickler TS. Improved survival 
in thrombotic thrombocytopenic purpura-hemolytic uremic 
syndrome--clinical experience in 108 patients. N Engl J Med 
1991 ;325:398-403. 

42. Apter A J, Greenberger PA. Approach to adolescent asthma 
during pregnancy. Am J Asthma Allergy Pediatricians 
1988;2:19-26. 

43. Aufeuvre JP, Morin-Hertel F, Cohen-Solal M, Lefloch A, Ban- 
delot J. Hazards of plasma exchange. In: Sieberth HG, ed. 
Plasma exchange. Stuttgart: FK Schattauer Verlag, 1980:149- 
57. 

44. Fabre M, Andreu G, Mannoni P. Some biological modifications 
and clinical hazards observed during plasma exchanges. In: 
Sieberth HG, ed. Plasma exchange. Stuttgart: FK Schattauer 
Verlag, 1980:143-8. 

45. Samtleben W, Hillebrand G, Krumme D, Gurland HJ. Mem- 
brane plasma separation: clinical experience with more than 
120 plasma exchanges. In: Sieberth HG, ed. Plasma exchange. 
Stuttgart: FK Schattauer Verlag, 1980:175-8. 

46. Sprenger KBG, Rasche H, Franz H-E. Membrane plasma sep- 
aration: complications and monitoring, Artif Organs 
1984;8:360-3. 

47. Schmitt E, Behm E, Brown G, et al. Clinical aspects of bio- 
compatibility issues on apheresis. In: Rock G, ed. Apheresis. 
New York: Wiley-Liss, 1990:513-9. 


