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ince its clinical introduction, the anaphylactic potential
f aprotinin has been a major concern. World wide, its
se is expanding so there is an increased chance that
atients have reexposure from various sources. The risk
f anaphylaxis is approximately 2.8% in reexposed pa-
ients. From 1963 to 2003, 124 cases of aprotinin-induced

naphylaxis were reported in 61 publications. Eleven

t
l
i
a
i
t

M

P
L

t
“
p
t
r
t

n
l
R
y
d
a
f
t
t
M
a
w
m

R

R

a
r
r
a
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atients died. The reexposure interval was less than 3
onths in 72% (38 of 53 patients). This review looks at

he profile of patients at risk so preventive measures may
e taken. Past and future exposures have to be taken into
ccount before any aprotinin administration.

(Ann Thorac Surg 2005;79:741–8)
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protinin was isolated due to its kallikrein and trypsin
inhibiting effect in the 1930s [1, 2] and is in clinical

se since 1959 [3]. By inhibiting fibrinolysis and preserv-
ng platelet function, aprotinin was shown to reduce
lood loss and transfusion requirements in cardiac sur-
ery [4, 5], lung [6], and liver [7] transplantations, and
urgery for hip replacement [8]. Further disease related
ndications are hyperfibrinolytic hemostatic disorders
nd complications of thrombolytic therapies [9]. An early
ndication was treatment of acute pancreatitis [10], which
s no longer valid.

In the 1970s, aprotinin was introduced to cardiac sur-
ery in Europe [11]; however, in the United States, the
rug is approved for intravenous application only since
993 [12]. The most common commercially available
reparations are Trasylol (Bayer AG, Leverkusen, Ger-
any) and Antagosan (Aventis Pharma, Frankfurt/M,
ermany).
Due to its antifibrinolytic action, aprotinin is added to

brin sealants in order to achieve hemostasis even when
brinolytic activity is increased [13]. Ready-to-use fibrin
ealant kits have been commercially available in Europe
ince 1974, and in the United States since 1998. The most
ommon kits are Beriplast (Centeon, Marburg, Ger-
any), Tissucol/Tisseel (Baxter Hyland Immuno Divi-

ion, Vienna, Austria), and Hemaseel (Hemacure, Mon-
real, Canada). TachoComb (Nycomed, Roskilde,
enmark), a hemostatic solid equine collagene fleece,

lso contains a small amount of aprotinin.
Aprotinin is a bovine protein, composed of 58 amino

cid residues with a molecular weight of 6,512 Daltons.
ince aprotinin can induce hypersensitivity reactions [14,
5], its anaphylactic potential has remained a concern
ince its clinical introduction. Other side effects like

ddress reprint requests to Dr Beierlein, Department of Thoracic, Cardiac
hrombogenecity and nephrotoxicity are thought to be of
imited clinical relevance [16]. The aim of this review,
ncluding our own experience, is to define the clinical
nd serological profile of patients at risk for aprotinin-
nduced hypersensitivity reactions and to define preven-
ative guidelines.

aterial and Methods

atients
ITERATURE SEARCH. A medline search (1963 to 2003, free
ext mode, all languages) employing the key words
aprotinin AND (hypersensitivity OR allerg* OR ana-
hyla*) AND (TG � “human”)“ were aimed at publica-

ions presenting reports of aprotinin-induced adverse
eactions. The search was supplemented by a review of
he literature cited in these publications.

The dichotomic characteristics (present-absent) and
umeric data available from each publication were col-

ected in a Microsoft-Excel-database (Microsoft Corp,
edmond, WA). These were, in particular, the following:
ear and type of publication; geographic origin; patients
emographic and medical data; clinical features such as
pplication mode (intravenous [IV] or local); history of
ormer aprotinin exposures; and the time interval of
hese applications. The symptomatology reported served
o reclassify the reactions according to the Ring and

essmer severity scale for quantification of intensity of
naphylactoid reactions [17]. Further items of interest
ere the type and results of prophylactic and diagnostic
easures.

EEXAMINATION OF FIVE PATIENTS WITH KNOWN ANAPHYLACTIC

EACTION TO APROTININ. Five patients who suffered from
naphylaxis as a result of aprotinin administration, were
eexamined, employing serologic tests and histamine
elease test. Three patients were presented by Dietrich

nd colleagues [18], a fourth by Schuler and colleagues

0003-4975/05/$30.00
doi:10.1016/j.athoracsur.2004.03.072
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19], and the fifth by Scheule and colleagues [20]. In-
ormed consent for participation in this study was ob-
ained from each patient or their parents, respectively, in
onformity with the Helsinki Declaration.

EROLOGY. Serum samples were analyzed for aprotinin-
pecific immunoglobulin A (IgA), E (IgE), and G (IgG).
mmunoassays (enzyme linked immunosorbent assay,
LISA; fluorescence enzyme immunoassay, FEIA: Uni-
AP, Pharmacia&Upjohn, Uppsala, Sweden) were per-

ormed as described in former publications [20, 21].

ISTAMINE RELEASE TEST. A commercially available whole
lood histamine release test (HRT; histamine enzyme

mmunoassay No. 1153, Coulter-Immunotech, Marseille,
rance) was employed according to the directions for use.

TATISTICAL ANALYSIS. Values assumed to be distributed
inomially are portrayed as means with standard devia-

ion. Sensitivity, specifity, and positive and negative
redictive values were calculated by means of a two-by-

wo frequency table according to Sachs [22]. The 95%
onfidence intervals were taken from the Documenta
eigy Scientific Tables [23], or approximated according

o Sachs [24], when not available from the tables. Counts
ithin the whole group or subgroups were translated

nto descriptive graphs.

esults

he literature search provided 61 publications presenting
22 patients with 124 aprotinin-induced hypersensitivity
eactions [3, 18–20, 25–81]. With the exception of two
rospective trials presenting 11 cases [18, 80], all reports
ere retrospective. Figure 1 summarizes the results ac-

ording to the categories of interest defined above.

everity
here were 11 (9%) fatal reactions. Reported symptoms of

Abbreviations and Acronyms

CABG � coronary artery bypass grafting
CPB � cardiopulmonary bypass
ELISA � enzyme linked immunosorbent

assay
ENT � ear nose throat
FEIA � fluorescence enzyme

immunoassay
HRT � histamine release test
IV � intravenous
IgA, IgE, IgG � immunoglobulin A, E, G
KIU � kallikrein inhibiting unit
kUA/L � kilo units of aprotinin-specific

IgE per liter
LVAD � left ventricular assist device
OD � optical density
RAST � radio allergo sorbent test
ref. � reference
ypersensitivity (n � 224, more than one symptom per t
atient) were cardiovascular (36.6%), cutaneous (27.2%),
espiratory (17.4%), abdominal (7.6%), vegetative (5.8%),
nd neurologic (5.4%). In 12 patients, symptoms were not
escribed.

pplication Mode
n cardiac surgery, the Hammersmith regimen is gener-
lly used with a dosage of 6 million kallikrein inhibiting
nits (KIU) [4]. In gastroenterology, generally the regi-
en consisted of intravenous infusions of a few hundred

housand KIU over a few days [25, 48]. Daily aprotinin
nfusions over less than six days were counted as a single
xposure because a measurable immune response can-
ot be expected within this time frame (8 patients [26;41;
2;45;48]). Occasionally, high aprotinin doses were in-
tilled intraperitoneally in order to reduce the severity of
ostoperative peritoneal adhesions and the inflamma-

ory response in acute pancreatitis [51, 82].

ormer Exposures
ighty percent of the patients had had previous exposure

ig 1. Results – synopsis.
o aprotinin, 39% of them only once (Fig 1). There are
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hree other publications [18, 57, 67] reporting a total of
01 reexposures revealing an average anaphylactic risk of
.8% (95% confidence interval: 1.5% to 4.7%).

ime Interval of Reexposure
protinin-induced hypersensitivity reactions at reexpo-

ure accumulate during the first 3 months (Fig 2).

rophylactic Medication
espite antihistaminic prophylaxis, there were two life-

hreatening reactions in 9 patients (Fig 1).

iagnostic Approaches
n 62 patients a total of 136 diagnostic tests were under-
aken. Ninety-four tests were done after, 24 before, and

ig 2. Time spans between repeated aprotinin exposures.

able 1. Sensitivities of Screening Tests for Aprotinin-Induced

erspectiveb

Tests

Performed, n Posit

n vitro
Aprotinin-specific serum IgE

Prospective 5
Retrospective 48 2

Aprotinin-specific serum IgG
Prospectivec 4
Retrospective 36 1

n vivo
Skin test

Prospective 3
Retrospective 17 1

Test dose
Prospective 15 1

This table summarizes the data from the section Diagnostic Approaches
Table 3). Intrareactive tests and postreactive mediator release tests are no
eaction, retrospective denominates a test performed after the manifest r
gE � immunoglobulin E; IgG � immunoglobulin G.
8 during the manifest reaction. They included 98 in vitro
nd 38 in vivo tests. The most frequently applied in vitro
ests were measurements of aprotinin-specific IgE (posi-
ive in 27 of 46 [19, 20, 50, 54, 56, 58–60, 63, 65, 70, 72, 74,
6, 78–80]) and aprotinin-specific IgG (positive in 18 of 33
3, 20, 28, 50, 65, 70, 71, 79, 80]) either before or after the
eaction (Table 1). The remainder comprised intrareac-
ive measurements of allergic mediators such as tryptase
positive in 4 of 5 [58, 60, 62, 68, 69, 76]), methylhistamine
positive in 5 of 5 [58–60, 76]), eosinophilia (positive in 2
f 2 [26, 35]), complement activation (positive in 2 of 2 [59,
3]), and postreactive mediator release tests such as the
istamine release test (positive in 1 of 2 [59, 62], and the

ymphocyte transformation test (positive in 1 of 3 [38, 62,
3]). The most frequently applied in vivo tests were skin
ests (positive in 15 of 19 [3, 19, 25–27, 33, 37, 38, 51, 58, 59,
3, 72, 76, 78, 80]), and IV applications of a test dose
positive in 11 of 15 [18, 68, 69, 71, 75–77, 78, 80, 81]).

Assuming that each author performed technically
quiqualitative tests, the pooled data from literature and
he five reexamined patients result in the sensitivities
ummarized in Table 1. Table 2 presents additional
iagnostic values for IgG, derived from two larger groups
xamined in earlier publications [21, 80].

dverse Reactions in Cardiac Surgery
orty-one cardiac surgery patients with 42 aprotinin-

nduced adverse reactions were reported. Nine patients
ere operated upon for congenital heart disease [18, 52,

4, 74, 80], nine for valvular disease [18, 58, 59, 61, 65, 70,
0], four underwent coronary artery bypass grafting
CABG) [18, 66, 75, 78], five were transplanted after
mplantation of a left ventricular assist device (LVAD)
67–69, 71, 81], and two each underwent aortic surgery

phylaxis in Patients With Manifest Allergya

Sensitivity

References% (95% Conf. Interval)

80.0 (28.4–99.5) [54;70;80]
52.1 (37.2–66.7) [19;20;50;54;56;58–60;63;

65;70;72;74;76;78–80]

100 (39.8–100) [70;80]
47.2 (30.4–64.5) [3;20;28;50;65;70;71;79;80]

0 (0–70.8) [33;80]
94.1 (71.3–99.9) [3;19;25–27;37;38;51;58;59;

63;72;76;78;80]

73.3 (44.9–92.2) [18;68;69;71;74–76;78;80;
81]

he patients from literature) with those from the five reexamined patients
ded; b Prospective denominates a test performed before the manifest
n; c See also Table 2.
Ana

ive, n
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57] or sternal revision [60, 68, 69]. Surgery was not
pecified in 11 patients [53, 55–57, 64, 77]. Of the 38
ardiac patients with former aprotinin exposure, 24 had
een exposed in previous cardiac surgery, seven during
perations for congenital heart disease [18, 54, 80], seven
uring valvular operations [18, 58, 70, 80], six with LVAD

mplantation [67–69, 71, 81], two during aortic surgery
57], and one each during a combined CABG and valvular
rocedure [59] and a pericardiectomy [60]. One other
atient had been previously exposed in otorhinolaryn-
ology [65]. Thirteen preexposures were not specified.
wenty-eight reactions happened before institution of
ardiopulmonary bypass (CPB). In 14 it is not stated
hether CPB had been used or not.

ive Reexamined Patients
EROLOGY. The serologic results are presented in Table 3.

skin test performed 10.5 years after anaphylactic reac-
ion was positive in patient 4.

ISTAMINE RELEASE TEST. Aprotinin was not capable of in-
ucing a significant rise of histamine concentrations in
ny whole blood sample.

able 2. Evaluation of Aprotinin-Specific IgG Screening Befor

Aprotinin Exposuresa, n

Total IgG-Positive Anaphy

ietrich and colleagues 2001 [80] 121 18 3
cheule and colleagues 2000 [21] 448 15 1
umulativeb 569 33 4

For reconstruction of the corresponding two-by-two frequency table cons
gG; b Cumulation limited by different group characteristics: all of
cheule’s group comprised 244 patients with no, 194 with possible, and 1

gG � immunoglobulin G.

able 3. Five Reexamined Patients: Clinical Data and Serolog

Anaphylaxis

atient

Application Severityb

Time Interval of

o. Sex Agea Reexposure Reexaminat

f 5 i.v. II 29 d 4 yrs
m 7 i.v. II 22 d/4 yrs 2 yrs
f 56 i.v. II 19 d 8 m

m 25 i.v. III 4 m/2 yrs 10 1/2 yrs
m 65 local III 28 d/14 d 113/62 d

166/115 d
372/321 d

ositive
controle

utofff

Years, at the time of reaction; b According to Ring and Messmer [17];
lasses: 0 � absent/not detectable (�0.07 kUA/L) or very weak (�0.35), 1
ptical densitiy, all determinations were performed in duplicate; inten
�) � weakly positive (OD � 3 � cutoff), � � positive (OD � 3 � cutoff)
egative for IgE and weakly positive for IgG; f cutoff: FEIA according

hree standard deviations of twenty (IgG) and ten (IgA) serum samples o
LISA � enzyme linked immunosorbent assay; FEIA � flurescence enzyme
; IgG � immunoglobulin G; RAST � radio allegro sorbent test.
omment

rimary exposure to aprotinin is quite safe. Millions of
oses have been administered over four decades with
ery few reported hypersensitivity reactions. Reexposure
o aprotinin, however, carries a small, but significant risk
f adverse reactions. This risk in the subgroup of reex-
osed patients is about 1.2% to 2.7% [15].
Aprotinin-induced hypersensitivity reactions lead to

evere complications. More than half of the classified
eactions were life-threatening (grade III-IV, 61 of 110,
able 4), and 9% of all were fatal (11 of 124, Fig 1).

linical Profile of Patients at Risk
ost of the recent reactions occurred in cardiac surgery

t reexposures within three to six months. The following
linical features indicate an elevated risk for adverse
eactions to aprotinin:

ormer Exposures
he fact that more than 80% of reactions occurred in
atients with former exposures clearly indicates the im-
ortance of this point. The history of each patient in

posure

% (95% Confidence Interval) Predictive Value

Sensitivity Specifity Positive Negative

100 (29.2–100) 87.3 (80.1–92.1) 16.7 (3.6–41.4) 100 (97.4–100)
100 (0–100) 96.9 (95.3–98.5) 6.7 (0.2–32.0) 100 (99.3–100)
100 (39.8–100) 94.9 (92.7–96.4) 12.1 (3.4–28.2) 100 (99.3–100)

hat there was no patient with anaphylaxis in absence of aprotinin-specific
ch’s patients had at least one documented former exposure, whereas
h documented former aprotinin exposure.

sults

FEIA ELISA

Reference

IgEc IgGd IgAd

kUA/L RAST-class OD Intensity OD Intensity

�0.07 0 0.100 (�) 0.067 0 18
�0.07 0 0.078 0 0.102 0 18

0.36 1 0.014 0 0.046 0 18
0.29 0 0.028 0 0.152 0 19
0.45 1 0.150 (�) 0.194 0 20
0.31 0 0.113 (�)
0.22 0 0.040 0
1.58 2 1.975 � 0.468 (�)

0.07 0 0.080 0 0.245 0

UA/L denominates kilo units of aprotinin-specific IgE per liter; RAST
eak (�0.7), 2 � moderate (�3.5), 3 � high (�3.5); d OD denominates
xpressed as arbitrary classes: 0 � absent or not detectable (OD � cut-off),

IgE, IgG: patient presented in Scheule and colleagues [70]; IgA: patient
e user’s manual, augmented sensitivity ELISA: IgG and IgA: mean plus
ed from healthy volunteers without exposure to aprotinin [21].
e Ex

laxis

ider t
Dietri
0 wit
ic Re

ion

c k
� w

sity e
; e

to th
btain
immunoassay; IgA � immunoglobulin, A; IgE � immunoglobulin
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hom aprotinin use is planned, should be thoroughly
ssessed for previous exposures. Since more than one
hird of the patients had only a solitary preexposure,
protinin should be considered a potent allergen.

isciplines
ince the late 1980s the main use of aprotinin is in cardiac
urgery. In Europe, all patients undergoing repeat CABG
r repeated surgery for congenital heart disease, valve
epair procedures with consecutive valve replacement, or
eart transplantion with prior LVAD implantation, have

o be considered as preexposed, even when there is no
ecord to be found. Patients from other surgical centers
hose local aprotinin policy is unknown should also be

onsidered as preexposed. In orthopedics, patients after
onsecutive bilateral hip replacements or early revisions
ave probably received aprotinin. Until the early 1980s
protinin was mainly used for medical therapy of acute
ancreatitis [10], but this is no longer an indication [12].

pplication Interval
ore than 95% of all reactions upon reexposure occurred
ithin 36 months. Figure 2 clearly shows that there is a

ime dependency. Therefore, one may speculate that
ensitization vanishes gradually over time. Long-term
epeated measurements of aprotinin-specific antibodies
upport this interpretation [83].P�

There might be a certain number of well tolerated
epeated exposures (48 patients with multiple exposures
efore reaction, Fig 1). In these cases sensitization prob-
bly required several booster stimuli, a phenomenon
hich is known from other allergies [84].

pplication Mode
ntravenous application seems to have an elevated risk
ince 92% of all hypersensitivity reactions have been
eported from patients who had received aprotinin intra-
enously at reexposure. Estimates on the general risk of
llergy to the intravenously administered drug differ
etween less than 0.1% [11] and 5.8% [57]. The incidence
f allergic reactions to the aprotinin component of fibrin
issue adhesives seems to be about 0.5 per 100,000 appli-
ations [79].

athophysiologic Considerations
llergic and anaphylactic reactions are dose independent
nd require prior immunologic sensitization with forma-

able 4. Severity According to Ring and Messmer [17]

rade Sym

Skin symptoms and/or mild fever
I Measurable, but not life-threatenin

hypotension), gastrointestinal di
disturbance

II Shock, life-threatening spasm of sm
V Cardiac and/or respiratory arrest
ot classifiable
ion of specific IgE antibodies [84]. The active region of i
he aprotinin molecule represents its immunogenic
pitope and is capable of inducing specific antibodies
85]. The incidence of specific serum-IgE is about 14%
ithin the first three months postexposure [83]. This is

he same time frame in which the majority of adverse
eactions is observed (Fig 2). Seropositivity was transient
n the few patients observed so far (Scheule and col-
eagues [83] and patient 5, Table 3).

It has been assumed that IgG can trigger hypersensi-
ivity reactions by involving the complement system [86].
ases in which patients had experienced an adverse

eaction in the presence of high concentrations of antia-
rotinin IgG antibodies support this theory [80].
Pseudoallergic and anaphylactoid reactions are clini-

ally indistinguishable from allergy and anaphylaxis.
hey are triggered by either a direct drug action on the
ffector cells or a drug induced mediator release. This
athology must be considered in the 20% of patients
ithout former aprotinin exposure.

iagnostic Approaches
ISTORY. Former exposures by far represent the major risk

actor for aprotinin-induced hypersensitivity reactions
nd must therefore be carefully searched for in each
ndividual’s history, especially previous surgical and

edical treatments. In Europe, each patient with a his-
ory of cardiac, major orthopedic, or upper abdominal
urgery has to be considered to have had previous
protinin exposure. In a population of patients undergo-
ng cardiac surgery we found 4% to have preformed
protinin-specific IgG. Most of these patients had a
istory of cardiac or ear, nose, or throat operations [21]. A
emark “aprotinin used” or “not used” in the surgical
ecord or the discharge letter would be beneficial for the
ospital team [87].

EROLOGY. Aprotinin-specific serum-IgG is detectable in
bout 50% of patients having received only one aprotinin
reatment [21, 85, 88]. These IgG antibodies may persist
or several years, as in two of the five reexamined
atients (Table 3). Before reexposure, any patient with a
ocumented or possible former aprotinin exposure
hould be screened for aprotinin-specific antibodies. The
bsence of aprotinin-specific IgG indicates a low risk of a
ypersensitivity reaction due to its excellent negative
redictive value (Table 2). All other prospective diagnos-

ic tests as shown in Table 1 have large confidence

ms Patients, n (%)

ion 23 (18.5%)
rdiovascular reaction (tachycardia,
ance (nausea), respiratory

28 (22.6%)

h muscles (bronchi, etc) 45 (36.3%)
16 (12.9%)
12 (9.7%)
pto

react
g ca

sturb

oot
ntervals, making their clinical value questionable. When
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erformed after a clear-cut reaction, antibody screening
ests have lower sensitivities than tests performed before
Table 1). This phenomenon can be attributed to an imme-
iate postreactive seroconversion as observed in two pa-

ients [54, 70], or by a test performed too late; ie, when
ransient sensitization has vanished after several months.

At the present time, the former “home-made“ screen-
ng tests have been replaced by commercially available,
ertified, and standardized quantitative tests for aproti-
in-specific IgE and IgG antibodies (Pharmacia, Uppsala,
weden; CellTrend, Luckenwalde, Germany). Quantita-

ive testing seems to be advisable, as in the largest
eexposure study, in which only patients with a high
ntibody titer developed an anaphylaxis [80].

THER TESTS. Preoperative skin tests are not predictive and
herefore should not be used as a clinical indicator.
etrospectively, they work well, possibly due to the
ntibody triggering effect of the preceding exposure to
he allergen. Intravenous test doses, usually 10,000 KIU,
ppear to be more prognostic (Table 1) but they also have
he potential to trigger acute reactions [18, 74, 75, 80, 81].
t is unknown whether the dosage influences the severity
f a reaction. A test dose should therefore only be
dministered once the surgeon is ready for cannulation.
lthough not without risk, test dose requirements have

he important psychological effect of keeping in the
nesthesiologist’s mind that aprotinin has to be admin-
stered with care.

The diagnostic reliability of in vitro mediator release
ests cannot currently be assessed due to the heteroge-
ous methods and their inconsistent results. The com-
lexity of these methods will render it difficult to inte-
rate them into a prospective screening program at
resent.

ROPHYLACTIC MEDICATION. H1, H2 antagonists and cortico-
teroids are considered an important part of any periop-
rative regimen to prevent anaphylaxis. In some in-
tances, a prophylactic regimen may not be effective, as
n the nine cases in which a reaction occurred despite
retreatment (Fig 1). The outcome in case of anaphylaxis,
owever, is favorable with a combined prophylactic ther-
py. These drugs should be added to therapy at the
iscretion of the physician in charge [89].

HAT TO DO BEFORE ADMINISTERING APROTININ? The flowchart
n Figure 3 demonstrates the steps to take before apply-
ng aprotinin. Generally, possible past and future oper-
tions with aprotinin exposure should be taken into
ccount according to their probability, bleeding risk, and
ime lapse in between treatments. In operations without
ardiopulmonary bypass, aprotinin reexposures should
e avoided within at least six months. One might even
uggest 36 months, which, however, seems to be over-
rotective. At any later date, a negative antibody screen-

ng test may ease the decision to reuse aprotinin.

PECIAL PREVENTATIVE MEASURES IN CARDIAC SURGERY. In car-

iac surgery, cardiopulmonary bypass is readily available t
o assist resuscitation in the event of an unexpected
naphylactic reaction. In many severe reactions, aproti-
in was administered before the skin incision, and the
utcome was seriously affected by delayed onset of
xtracorporeal circulation. Therefore, aprotinin should
nly be administered when the cannulation sites for
ardiopulmonary bypass are exposed [67]. The loading
ose should be added to the priming volume of the
xtracorporeal circuit only after the test dose is well
olerated.

Aprotinin use should be avoided in all patients under-
oing staged palliation of congenital heart disease re-
uiring early reoperation. The same is true for patients
eceiving LVADs as heart transplantation may soon fol-
ow. Valve replacement and CABG procedures are less
rone to require repeat surgery within a few months,
llowing more liberal use of aprotinin.

IMITATIONS. The present review is based on details from
apers published during the past forty years. A large
umber of adverse reactions may not have been pub-

ished and therefore cannot be included in this evalua-
ion. Aprotinin was used for different purposes and in
ifferent formulations over time. This diversity is taken

nto account by a strictly dichotomic and numerical
valuation of the sources (for example: yes/no, time
ntervals) and by relating subaspects only to the respec-

ig 3. Decision making.
ive subsets of data.
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onclusions

ypersensitivity reaction to aprotinin is a rare event. The
isk in the subgroup of reexposed patients is approxi-
ately 2.8%. Patients with repeated intravenous expo-

ure within three to six months seem to be the highest
isk group. Most cases reported can be attributed to a
ransient immunologic sensitization. Taking the patient’s
istory with focus on recent potential aprotinin expo-
ures and screening tests for aprotinin-specific antibod-
es can identify individuals at risk. Therefore, each pa-
ient’s actual or possible past and future aprotinin
xposures should be taken into consideration before
protinin is considered. The physician in charge should
e prepared for emergency measures when aprotinin is
sed.

e thank Carole Hamilton, CCP, CPC, for her help and advice
ith this manuscript.
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