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Background: Hemodialysis-associated hypersensitivity reactions are well docu-
mented in the literature. Ethylene oxide sensitization and activation of complement
are important factors involved during such reactions. The majority of severe
hypersensitivity reactions in dialysis patients, however, is due to sensitization to
ethylene oxide.
Methods:We report a patient admitted to the hospital with worsening of his renal

function. He subsequently required three hemodialysis treatments, all of which
resulted in severe hypersensitivity reactions requiring endotracheal intubation. The
initial hypersensitivity episode was thought to be due to complement activation to
the cupramonium-rayon membrane dialyzer. Despite changing to a polyacrylonitrile
membrane, which does not activate complement, a second hypersensitivity reaction
developed. Suspecting ethylene oxide hypersensitivity, the third hemodialysis ses-
sion incorporated a biocompatible dialyzer that was sterilized with gamma irradi-
ation, not ethylene oxide. Yet again, an anaphylactoid reaction resulted. It was
postulated that residual ethylene oxide in the tubing might have triggered this last
attack.
Results:Despite a negative RAST (radioallergosorbent test) to ethylene oxide,

the strong history surrounding each of the hypersensitivity episodes and high index
of suspicion pointed to ethylene oxide hypersensitivity as the etiologic factor. To
this end, the patient fared much better when peritoneal dialysis was initiated. The
patient subsequently died from other complications of his illness.
Conclusions:This case report demonstrates both the complex nature involving a

hypersensitivity reaction to hemodialysis and the life-threatening severity of such a
reaction. Replacing ethylene oxide with steam or gamma radiation to sterilize
dialyzers and thoroughly rinsing new dialyzers and tubing with normal saline may
help circumvent this problem.
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INTRODUCTION
Sensitization to ethylene oxide accounts
for the majority of severe hypersensitiv-
ity reactions in dialysis patients. Anti-
bodies (IgE) directed against ethylene
oxide and complement activation from
the dialysis membrane are considered
factors for hypersensitivity reactions
during hemodialysis. Prevention in-
volves rinsing saline through blood lines
and dialyzer and proper selection of di-

alyzer membrane. In some cases, after
reaction, it is necessary to avoid the use
of new ethylene oxide sterilized dialyz-
ers.

MATERIALS AND METHODS

Case History
A 66-year-old Hispanic American man
with a history of hypertension and re-
nal insufficiency was admitted to the
hospital with worsening of his renal
function and a decrease in exercise tol-
erance with progressive dyspnea at
rest. During the past 11 months in the
Renal Clinic, his serum creatinine had
risen exponentially from 1.7 to 7.8 mg/
dL. The following studies had been
negative or within normal limits: anti-
streptolysin O antibody titer, antinu-

clear antibody, rheumatoid factor, hep-
atitis B surface antigen, hepatitis C
antibody and antigen, urine and serum
electrophoresis for monoclonal anti-
bodies. Renal ultrasound examination
had shown nonspecific abnormalities
and a magnetic resonance imaging
scan 2 months earlier had suggested
the possibility of right renal artery ste-
nosis. The patient stated that he had
been on fosinopril 10 mg, enalapril 10
mg, furosemide 40 mg, diltiazem 120
mg, and metolazone 2.5 mg each day.
The past medical history included
smoking, herniorrhaphy and glaucoma
treated with levobunolol 0.5%. Physi-
cal examination on admission dis-
closed weight 133 pounds, oral tem-
perature 97 °F, blood pressure, and
110 to 100/70 to 60 mm Hg. Physical
findings included left conjunctivitis,
coarse rales in both upper lobes, and a
trace of pretibial edema. Laboratory
studies on the day of admission in-
cluded white blood cell count, 5,000/
mm3 with 11% lymphocytes, 15%
monocytes, 68% neutrophils, 3% eo-
sinophils, 3% basophils, 214,000
platelets/mm3; hemoglobin, 12.8 g/dL;
hematocrit, 33.7%; serum sodium, 136
mEq/L; potassium, 4.3 mEq/L; chlo-
ride, 102 mEq/L; bicarbonate, 19
mEq/L; calcium, 7.1 mg/dL; inorganic
phosphorus, 8.77 mg/dL; magnesium,
2.3 mg/dL; total protein, 6.0 g/L; albu-
min, 3.7 g/dL; alkaline phosphatase,
70 U/L; alanine aminotransferase, 10
U/L; and aspartate aminotransferase,
11 U/L (all normal). Arterial blood gas
studies disclosed PO2 90 mm Hg, PCO2
39 mm Hg, pH 7.29, HCO3 16.7
mmol/L; and % O2 saturation, 95.5.
The patient was not continued on

angiotensin converting enzyme inhibi-
tor and did not receive this class of
drug after admission. Diltiazem and
furosemide were continued. Daily

From the Allergy and Immunology-111R and
Nephrology Sections-111L, Medical and Re-
search Services, West Los Angeles V A Medical
Center, Los Angeles, California; and UCLA
School of Medicine, Los Angeles, California.

Received for publication February 5, 1996.
Accepted for publication in revised form Au-

gust 22, 1996.

VOLUME 78, FEBRUARY, 1997 217



weight declined, blood pressure re-
mained at 110/70, and serum creati-
nine and blood urea nitrogen rose fur-
ther to 8.0 and 92 mg/dL. On the
second hospital day eosinophils were
4% of white blood cell count 5,000/
mm3. On the third day eosinophils
were 5% of white blood cell count
5,400/mm3. Retrospectively, it was
noted that the day of the second expo-
sure to the dialyzer, there were 8%
eosinophils of white blood cell count
6,000/mm3 and after the third exposure
there were 8% of white blood cell
count 5,600/mm3. The eosinophils
were low after the fourth exposure re-
sulted in anaphylaxis, when either con-
tinuous or pulse corticosteroid therapy
was given. In a careful retrospective
review, during the first dialysis, it was
noted that the patient did complain of
shortness of breath and was treated
with a bronchodilator and nasal oxy-
gen during the second dialysis. He
again complained of shortness of
breath during the third dialysis. His
serum creatinine on admission was 7.8
mg/dL (1.7 mg/dL 11 months earlier).
The patient received three hemodialy-
sis treatments using a new ethylene
oxide sterilized cuprammonium-rayon
membrane dialyzer of 1.2 m2 surface
area without major incident. On the
12th hospital day while undergoing the
fourth hemodialysis treatment with an
identical dialyzer, the patient devel-
oped severe bronchospasm, hypoten-
sion, and bradycardia. This required
intubation and mechanical ventilation.
Cuprammonium-rayon membrane dia-
lyzer complement activation hypersen-
sitivity was suspected; however, serum
complement component fractions C3a
and C5a levels were not obtained.
On day 14, a 1.2-m2 dialyzer with

polyacrylonitrile (AN69) membrane,
which does not produce acute leukope-
nia or complement activation, was
sterilized with ethylene oxide was uti-
lized for hemodialysis. The dialyzer
and blood lines were pre-rinsed with 3
L of sterile saline. Despite these pre-
cautions, at 15 minutes into the treat-
ment, the patient developed severe
dyspnea and hypoxemia. Dialysis was
discontinued, the blood in the circuit

was not returned and the patient was
given intravenous epinephrine, diphen-
hydramine, and methylprednisolone
but again required endotracheal intuba-
tion. Ethylene oxide anaphylactoid re-
action was suspected.
For the next hemodialysis treatment

on day 19, a biocompatible 1.2-m2 sur-
face area dialyzer with polymethl-
methacrylate (PMMA) membrane ster-
ilized by gamma irradiation was used.
The only blood lines available, how-
ever, were ethylene oxide sterilized.
The lines were therefore rinsed with 5
L of sterile saline (compartment vol-
ume approximately 200 mL) and the
dialysate compartment was rinsed at
500 mL/min for 60 minutes. The pa-
tient also received intravenous methyl-
prednisolone, 100 mg, and diphenhy-
dramine, 50 mg, one hour prior to
initiating dialysis. Despite these pre-
cautions, severe respiratory distress
occurred at five minutes (O2 saturation
fell from 100% to 70%), dialysis was
discontinued, the blood in the circuit
was not returned. Epinephrine, diphen-
hydramine and methylprednisolone
were again administered intrave-
nously. Orotracheal intubation was
again required. Residual ethylene ox-
ide in the tubing connecting the dia-
lyzer to the patient was postulated to
have elicited this last attack. Total se-
rum C3 and C4 complement levels on
this day were within normal limits.
These determinations are not sensitive
markers of indirect activation of com-
plement.
Peritoneal dialysis was initiated due

to the failure of hemodialysis second-
ary to these hypersensitivity reactions.
This procedure was well tolerated,
however the patient continued to have
minor reactions during peritoneal dial-
ysis perhaps due to the fact that the
solution bags, entire tubing set, and
even the peritoneal dialysis catheter
were sterilized with ethylene oxide.
During the subsequent hospital course,
the patient developed atrial flutter,
right bundle branch block, and a right
lower lobe pneumonia. On hospital
day 46, the patient developed complete
heart block requiring a temporary
transvenous pacemaker. The patient

died the next day after going into asys-
tole and failing to respond to resusci-
tation.

DISCUSSION
Hemodialysis is a safe procedure with
a very low risk of death due to human
error or technical failure. Hypersensi-
tivity reactions during hemodialysis,
however, have been well document-
ed.1–4 In this patient ethylene oxide as
the cause of hypersensitivity was sus-
pected when the reactions persisted de-
spite switching to a more biocompat-
ible, polyacrylonitrile (AN69) dialyzer
membrane.
Cellulosic membrane bioincompat-

ibility and ethylene oxide allergy are
the two main causes of hypersensitiv-
ity reactions associated with hemodial-
ysis.5,6 The data suggest that sensitiza-
tion to ethylene oxide is responsible
for the majority of hemodialysis hyper-
sensitivity reactions.7

In the United States, most dialyzers
have Cuprophan, cuprammonium rayon,
cellulose acetate or triacetate, polysul-
fone or polyacrylonitrile membranes.
Dialyzers may also be classified into
hollow-fiber (eg, cuprammonium cellu-
lose), parallel-plate (flat-plate), or coil
dialyzers. Cuprammonium cellulose is
the most common dialysis membrane in
use.
Hypersensitivity reactions during

hemodialysis in the US patient popu-
lation from 1982 through 1984 were
calculated to be 0.3 reactions per year
per 1,000 patients exposed to flat-plate
dialyzers and 3.3 reactions per year per
1,000 patients exposed to hollow-fiber
dialyzers.6

Compared with Caucasian patients,
blacks and other minorities had nearly
three times as many hypersensitivity
reactions. The largest number of reac-
tions were seen in those under 29 years
of age with the 30- to 49-year-old age
group having half as many reactions.
Patients more than 50 years of age had
roughly half as many reactions as those
in the 30- to 49-year-old range.6

Major and minor criteria have been
defined by Daugirdas and Ing8 to de-
scribe two types of reactions that occur
at the onset of hemodialysis. Major
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criteria include onset within 20 min-
utes of starting dialysis, dyspnea, an-
gioedema, and burning/heat sensation
at the access site or throughout the
body. The minor criteria are urticaria,
rhinorrhea and lacrimation, itching,
and abdominal cramps. Villarroel and
Ciarkowski6 have graded the severity
of hypersensitivity reactions as fol-
lows: grade 1 - not life threatening,
mild, able to complete dialysis without
medication; grade 2 - medications
given, severe, and/or dialysis discon-
tinued; and grade 3 - death.
Dialyzer reactions have also been

classified as type A or B.3 A type A
reaction is characterized by three ma-
jor criteria or by two major and one
minor criterion. A type B reaction in-
cludes chest and back pain, hypoten-
sion, nausea, vomiting, cramps, and
shortness of breath. When a type B
reaction is associated with the first
time use of dialyzers, usually to new
cellulosic membranes but not to the
same reused membranes, this is re-
ferred to as the “first use syndrome.”
This is not reported to occur after thor-
ough rinsing of the new dialyzer with
saline.9 This syndrome occurs in
roughly 3% to 5% of the dialysis pop-
ulation which is far more frequent than
overt dialysis anaphylaxis.9

It has been reported6 that a history of
allergic reactions exists in about 40%
of patients with hemodialysis-associ-
ated hypersensitivity reactions. With
regards to IgE levels, it has been
shown10 that nearly 70% of dialysis
patients with symptoms had an ele-
vated IgE, whereas only 10% of
asymptomatic patients demonstrated
elevated IgE levels. In as many as 20%
to 30% of patients undergoing dialysis,
elevated eosinophil counts have been
reported which appear to be associated
with dialyzer-associated allergic reac-
tions.11

Ethylene oxide hypersensitivity,
which was first described in 1975,12 is
responsible for the majority of hemo-
dialysis-associated hypersensitivity re-
actions.7 The gas is often used to ster-
ilize medical equipment and residual
amounts of it may remain in exposed
materials for a long period of time after

the process and act as a potential
source of sensitization. Different
brands of dialyzers may leach ethylene
oxide at different rates after steriliza-
tion. Dialyzers contain a potting com-
pound in which the membrane fibers
are embedded. It is the potting com-
pound which is the main reservoir for
ethylene oxide in dialyzers. High anti-
body titers against ethylene oxide have
been demonstrated during dialysis in
patients having severe anaphylactoid
reactions.4 Such reactions are rare with
non-cuprammonium cellulose dialyz-
ers, the majority of which are also ster-
ilized with ethylene oxide. The reason
for this is unknown. It has been sug-
gested that ethylene oxide may act as a
hapten with increased allergenicity af-
ter contact with cuprammonium cellu-
lose dialyzers.3 Ethylene oxide expo-
sure only occurs with the first use of a
new dialyzer.
The activation of complement has

been shown to peak at 15 minutes of
dialysis when blood has come into
contact with cellulosic membranes and
the activation process invariably re-
sults in the generation of C3a and C5a,
potent anaphylatoxins.13 These levels
have been noted to be markedly ele-
vated with anaphylactoid reactions.
Complement activation that occurs in
the dialyzer is via the alternative path-
way. It has been demonstrated that
only slight activation of complement
occurred when non-cellulosic mem-
branes were used such as polymethyl-
methacrylate or polyacrylonitril.14

Complement activation is much less
when the dialyzers are reused regard-
less of dialyzer type. First-use syn-
drome patients have an earlier and
more marked activation of comple-
ment than asymptomatic patients.13

Aside from a good history and clinical
evaluation, which is important in eli-
citing the diagnosis of hemodialysis–
associated hypersensitivity reactions,
laboratory testing may be of importance
as well. Since ethylene oxide is a gas,
skin-prick testing may be carried out
with ethylene oxide conjugated with hu-
man serum albumin, histamine (positive
control), and normal serum albumin
serving as the negative control.15 Ra-

dioallergosorbent testing (RAST) mea-
suring IgE antibodies to ethylene oxide -
albumin is another option, albeit less
sensitive than skin testing, that may be
employed.4 Specific IgE against ethylene
oxide-albumin has been detected in one
patient with reaction to ethylene oxide-
sterilized tubing.12 Due to the unavail-
ability of the skin test reagent, RAST
was performed by the Johns Hopkins
University Reference Laboratory for
Dermatology, Allergy and Clinical Im-
munology. The ethylene oxide IgE anti-
body level was negative in this subject.
Reasons for a negative test might be
limited sensitivity of the test and/or se-
rum collecting during a quiescent period
in the clinical course with a lower level
of antibody. More sensitive than either
RAST assays or skin testing is the mea-
surement of histamine release from ba-
sophils in response to ethylene oxide-
albumin.15

If a systemic reaction does occur
during dialysis, the procedure should
be discontinued immediately and the
blood not returned to the patient. De-
pending on the severity of the reaction,
cardiovascular support, epinephrine,
bronchodilators, corticosteroids, and
antihistamines may be required. In ad-
dition, blood in the extracorporeal cir-
cuit should be discarded. After the pa-
tient has been stable for one hour,
dialysis may be resumed only with a
biocompatible membrane, preferably
not sterilized with ethylene oxide.
In Japan, steam or gamma radiation

has essentially replaced ethylene oxide
for the sterilization of dialyzers. This
has led to a virtual disappearance of
adverse reactions to ethylene oxide.16

Since hypersensitivity reactions have
not been described with reused dialyz-
ers17 and the risk of exposure to ethyl-
ene oxide occurs only with the first use
of a dialyzer, the frequent reuse of
compatible membranes would appear
to be both cheaper and safer.
Inadequate rinsing of new dialyzers

has been implicated as a predisposing
factor in hypersensitivity reactions. To
this end, it has been recommended3

that the blood compartment of a cu-
prammonium cellulose dialyzer as well
as all lines be rinsed with 2 L of sterile
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saline and that the dialysate compart-
ment also be rinsed with 10 L of dia-
lysate shortly before initiating dialysis.
This case report demonstrates the se-
verity and complexity of the problem
of hypersensitivity reaction to hemodi-
alysis.
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