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Abstract
Anticoagulation and antiplatelet drugs are among the 
most commonly used medical drugs. In addition to 
the long-established heparins, hirudins,  coumarins 
and antiplatelet drugs such as acetyl salicylic acid, nu-
merous novel and predominantly synthetic pharma-
cologic agents have come onto the market in recent 
years. � ese new agents act at  various sites in coagu-
lation and have signi� cantly broadened treatment op-
tions. Whilst  immunological hypersensitivity reac-
tions are on the whole rare, they have a considerable 
impact on patient management when they do occur. 

� e present overview discusses the currently known 
hypersensitivity reactions to anticoagulant and anti-
platelet agents, with particular attention to the newer 
substance classes including P2Y12 inhibitors, glyco-
protein IIb/IIIb  receptor antagonists, direct factor Xa 
inhibitors and direct thrombin inhibitors.
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Introduction
Antithrombotic and anticoagulant agents prevent 
thrombus formation by a variety of mechanisms. 
� ey can be used in a therapeutic setting for primary 
or secondary prevention or to treat acute thrombosis. 
Varying sites of action in the coagulation cascade, the 
� brinolytic system or on a cellular level permit anti-
coagulant agents to be classi� ed as follows:
— Antiplatelet agents prevent migration and aggre-

gation of platelets as well as thrombus formation:
— Cyclooxygenase inhibitors (e. g. acetylsalicylic 

acid, ASA)
— P2Y12 inhibitors (thienopyridine-type: ticlo-

pidine, clopidogrel, prasugrel; ticagrelor-type)
— Glycoprotein (GP) IIb/IIIa receptor antagonists 

(e. g. abciximab, tiro� ban, epti� batide)
— Phosphodiesterase III inhibitors (e. g. cilostazol)
— Dipyridamole

— Anticoagulant agents reduce the blood‘s ability to 
clot, and thus also thrombus formation:
— Vitamin K antagonists

— Coumarins

— Heparins act via factor X by activating anti-
thrombin:
— Unfractionated heparin (high molecular 

weight heparin, HMWH)
— Low molecular weight heparin (LMWH)
— Synthetic pentasaccharide inhibitors of fac-

tor Xa (e. g. fondaparinux)
— Direct inhibitors of factor Xa (rivaroxaban, apix-

aban, edoxaban, betrixaban, darexaban, otamix-
aban)

— Direct thrombin inhibitors (bivalent: hirudin, 
lepirudin, bivalirudin; monovalent: argatroban, 
dabigatran)
— Antithrombin (protein obtained from blood 

plasma or recombinantly, for the prevention of 
genetic antithrombin de� ciency

— � rombolytic and � brinolytic agents achieve 
thrombolysis of a pre-existing thrombus (e. g. 
 alteplase, urokinase, tenecteplase)

In recent years, numerous novel and  predominantly 
synthetic pharmacologic agents that act at various 
sites in coagulation, thereby signi� cantly broaden-
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ing treatment options, have come onto the market 
(Fig. 1).

� e present article deals with hypersensitivity re-
actions – elicited by modern anticoagulant or anti-
platelet drugs. � e already well-known hypersensi-
tivity reactions to heparins as well as the adverse 
drug reactions (ADR) to coumarins and ASA re-
ported in numerous publications will not be dis-
cussed here in detail; the reader is instead referred 
to recently published overview articles [1, 2].

Hypersensitivity reactions to medical drugs are 
generally classi� ed into four types (I–IV) according 
to the Coombs and Gell classi� cation, depending on 
the component of the adaptive immune system pre-
dominantly involved. In addition, non-immunolog-
ical reactions that primarily defy clinical di� erentia-
tion from immunological reactions, i. e. intolerance 
or pseudo-allergic reactions, are also observed. Etio-
logical diagnosis is oriented by the pathomechanism 
suspected on the basis of clinical manifestation.

Antiplatelet drugs
Cyclooxygenase inhibitors
ASA and other nonsteroidal anti-in� ammatory 
drugs (NSAID) irreversibly inhibit cyclooxygen-
ase 1 in platelets, leading to a reduction in throm-
boxane A2 (TxA2). A decrease in anti-in� ammatory 
PGE2, as well as an increase in the sul� doleuko-
trienes (cysteinyl leukotrienes) LTB4, LTC4, LTD4, 
is also seen. Immunological reactions to ASA medi-
ated either cellularly or humorally have not been 
veri� ed. Immediate-type hypersensitivity reactions 
manifest as:
— Exacerbation of bronchial asthma as well as 

rhino sinusitis in patients with Widal‘s syndrome 
(Samter‘s triad), better known today as aspirin-
exacerbated respiratory disease (AERD)

— Exacerbation of chronic urticaria with or without 
concomitant angioedema in patients with this 
 underlying disease

— Anaphylactoid reactions of all degrees of severity, 
including cardiovascular shock

— Delayed-type allergic reactions in the form of ex-
anthemas, phototoxic reactions and, rarely, severe 
bullous reactions have been described in only a 
handful of cases [3].

P2Y12 inhibitors and thienopyridines
� ienopyridines block the binding of adenosine 
 diphosphate (ADP) to the P2Y12 ADP receptor on 
platelets (Fig. 2), thereby eliminating indirect acti-
vation of the GP IIb/IIIa complex and � brinogen 
binding. � e mechanism by which platelet aggrega-
tion is irreversibly inhibited is distinct from that of 
ASA. Clopidogrel and ticlopidine are both „pro-
drugs“ that need to be activated by cytochrome P450 
(CYP) 3A, among others [4]. � ey are used (some-

times in combination with ASA) to prevent athero-
thrombotic events. Ticlopidine and clopidogrel dif-
fer in terms of their molecular structure by only one 
carboxyl group (COOH) side group. Although ticlo-
pidine was the � rst thienopyridine to be commer-
cially available, clopidogrel is now more commonly 
used due to its better side-e� ects pro� le. Indeed, 
 ticlopidine is no longer available in Switzerland. 
Typical side e� ects of clopidogrel include gastro-
intestinal symptoms, headache, drowsiness and 
 dizziness. Prasugrel, with its faster onset of action 
and more potent e� ect, is the successor to clopido-
grel. It also requires initial biotransformation to an 
active metabolite, primarily by CYP 3A4, CYP 2B6 
and to a lesser extent by CYP 2C19 and CYP 2C9. 
� e newest member of the P2Y12 inhibitors is 
 ticagrelor, which is not a thienopyridine. In contrast 
to clopidogrel and prasugrel, ticagrelor does not 
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 require metabolic activation and binds reversibly to 
the P2Y12 receptor.

Clopidogrel can elicit various immunological 
 hypersensitivity reactions. Cheema et al. [5] inves-
tigated 84 patients with suspected hypersensitivity 
reactions to clopidogrel in whom 62 cases could be 
con� rmed. A distinction was made between three 
di� erent types of clinical manifestation involving 
cutaneous symptoms: the largest group (n = 49/62) 
exhibited truncal, itchy maculopapular exanthems. 
A group comprising 10 patients experienced local-
ized well-de� ned yet multifocal exanthems, some 
demonstrating a symmetrical distribution. Angio-
edema with tongue and/or lip swelling and in some 
cases urticaria was observed in a small number of 
patients (3/62). Pyrexia and arthralgia were ob-
served in two patients. Latency periods between in-
take and the onset of symptoms were on average 5 
days in groups 1 and 2 and 1 day in group 3. In all, 
42 patients underwent allergy testing. In all three 
patients with immediate-type reactions, intrader-
mal testing detected sensitization to clopidogrel, 
partially with cross-reactivity to ticlopidine and/or 

prasugrel. In 34 patients with exanthem, patch test-
ing with clopidogrel was positive, additionally 
showing cross-reactivity with ticlopidine in 9/34, 
prasugrel in 6/34 and ticlopidine plus prasugrel in 
3/34. � us it would appear that reactions are essen-
tially either delayed-type cell-mediated allergic re-
actions or rarer allergic immediate-type reactions. 
� e presence of cross-reactivity between various 
P2Y12 inhibitors appears to not be infrequent. None 
of the patients developed additional complications 
in the context of their allergic reaction.  Interestingly, 
the vast majority was able to continue treatment and 
experienced a resolution of symptoms under short-
term use of systemic corticosteroids [6, 7, 8].

Numerous other reports on the entities of phar-
maceutical drug reactions described can be found 
in the literature. Drug tolerance induction/desensi-
tization, which has proved successful in several spe-
ci� c cases and in small case series, can be attempted 
in complex cases where there is an absolute indica-
tion for a P2Y12 inhibitor [9]. A number of cases of 
hypersensitivity syndromes involving pancytopenia 
or neutropenia and/or hepatitis and generalized, 
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Fig. 1: An overview of the coagulation cascade
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partially vesiculous maculopapular exanthem and 
febrile state while using clopidogrel have been de-
scribed [10, 11]. Isolated cases of serum sickness-like 
disease [12], suberythrodermic pustular psoriasis 
[13], acute generalized exanthematous pustulosis 
(AGEP) [14] and leukocytoclastic vasculitis [15, 16] 
are known – o� en with good tolerance of prasugrel, 
which generally appears to elicit fewer hypersensi-
tivity reactions. Prasugrel is known to have caused 
immediate-type allergic reactions involving urti-
caria, pruritus, angioedema and dyspnea, as well as 
one case of hepatitis with pyrexia [17].

Yosipovitch et al. [18] reported on 16 patients with 
hypersensitivity reactions to ticlopidine, including 
several pruritic macular or maculopapular exan-
thems, urticaria, multiform exanthems and one 
� xed drug eruption. Individual cases seen under 
 ticlopidine treatment include lichen planus-like 
drug eruption that was negative on epicutaneous 
testing yet recurred following rechallenge with 
ticlo pidine [19], several � xed drug eruptions [20], as 
well as one patient with cholestatic hepatic dysfunc-
tion with exanthem and irreversible aplastic anemia 
with fatal outcome [21]. Strippoli et al. [22] pub-
lished a case of toxic epidermal necrolysis under 
 ticlopidine, whilst Pintor et al. [23] published a case 
of leukocytoclastic vasculitis. Re-exposure is con-
traindicated in cases of severe ADR with systemic 
involvement.

Glycoprotein IIb/IIIa receptor antagonists
� ese substances competitively and reversibly in-
hibit � brinogen or von Willebrand factor binding 
to the GP IIb/IIIa activated receptor, thereby pre-
venting the development of � brinogen bridges 
 between platelets, i. e. thrombus formation (Fig. 2). 
Abciximab is the fragment antigen binding (Fab) 
fragment of a chimeric (human/murine) monoclo-
nal antibody to the GP IIb/IIIa receptor. Tiro� ban 
and epti� batide are short-acting, synthetic low-mo-
lecular-weight GP IIb/IIIa receptor antagonists.

Various types of hypersensitivity reaction to ab-
ciximab have been described. Acute severe throm-
bocytopenia was observed in 4 % of patients receiv-
ing abciximab for a second time. Delayed-onset 
thrombocytopenia (a� er 6–9 days on average) upon 
continued treatment is seen more rarely. Abcixi-
mab-speci� c immunoglobulin (Ig)-G or IgM anti-
bodies that are directed against the murine fraction 
of the Fab fragment (human anti-murine  antibodies, 
HAMA) and which are formed in the � rst few days 
of therapy are the most likely cause here. IgM and/
or IgG human antichimeric antibodies (HACA) 
 occur in 6 %–7 % of patients, since they bind to a 
C terminal human epitope of abciximab, which is 
located at a greater distance from the platelet mem-
brane [24, 25]. Marked thrombocytopenia of un-

clear etiology is seen in 0.5 %–1 % of patients as  early 
as a� er the initial dose.

Rarely, and in addition to thrombocytopenia, 
 immediate-type allergic symptoms also occur fol-
lowing abciximab administration. Hawkins et al. 
[26] reported a case of grade-IV anaphylaxis during 
abciximab infusion following coronary stent im-
plantation. Symptoms included hypotension, gen-
eralized urticaria and angioedema; an increase in 
mast cell tryptase was also documented. An associ-
ation with abciximab could be identi� ed by means 
of positive intradermal testing. However, the sensi-
tization mechanism remained unclear, since the pa-
tient had received abciximab for the � rst time and 
had never received any other chimeric antibodies in 
the past. A further case of acute onset hypotension 
and bronchial obstruction was reported by Guzzo 
et al. [27], again upon � rst use, followed by marked 
thrombocytopenia the following day. Two other 
 cases of possible anaphylaxis and thrombocyto-
penia detectable within hours were reported by 
 Iakovou et al. [28]. In the cases reported by Guzzo 
et al. and Iakovou et al., as well as in a further case 
reported by Pharand et al. [29], an infusion reaction 
or IgG-mediated reaction need to be considered in 
the di� erential diagnosis [30]. To our knowledge, 
evidence of speci� c IgE to abciximab has not yet 
been found. A case of drug-induced exanthema with 
facial swelling, thrombopenia and eosinophilia was 

Fig. 2: Mechanism of action of antiplatelet drugs (modi� ed from [56]) 

Activation

Metabolites

Adenosin

Metabolites

PDE

P2Y12 T-R

GP IIb/IIIa

Fibrinogin binding
Aggregation

ASA

AA TxA2

Dipyridamole
CilostazolCilostazol

cAMP �

Thienopyridines
Ticagrelor

Fibane
(GP IIb/IIIa receptor 
antagonists)

AA, arachidonic acid; TxA2, thromboxane A2; T-R, thromboxane receptor; ASA, acetylsalicylic acid; 2; T-R, thromboxane receptor; ASA, acetylsalicylic acid; 2

PDE, phosphodiesterase; GP IIb-IIIa, glycoprotein IIb/IIIa receptor
Thienopyridines bind irreversibly, ticagrelor reversibly to the P2Y12 adenosine receptor (P2Y12). 12). 12

Allergo J Int 2015; 24: 58−66 61



published by Moneret-Vautrin [31] in 2002. A� er 
48 h, 70 % activated, predominantly CD8+ T cells 
were found in a biopsy specimen of the positive 
 reaction in intradermal testing to abciximab.

� e use of epti� batide and tiro� ban can also lead 
to (sometimes severe) thrombocytopenia. Anaphy-
laxis or urticaria as responses to these drugs have 
also been described in very rare cases. Like abcix-
imab, tiro� ban can also cause this type of reaction 
as early as at � rst exposure. � e immunological 
mechanism of these reactions has not been conclu-
sively elucidated.

Phosphodiesterase III Inhibitors
Cilostazol, a quinolinone derivate that acts as a 
phosphodiesterase III inhibitor, improves endothe-
lial function and inhibits platelet aggregation by in-
creasing the concentration of cyclic adenosine 
 monophosphate (cAMP). It also inhibits the growth 
of vascular muscle cells. Cilostazol is approved in 
Germany to increase the maximum pain-free walk-
ing distance in patients with intermittent claudica-
tion. It is has been subject to special monitoring by 
the European Medicines Agency (EMA) since 2011 
due to severe cardiovascular and hemorrhagic side 
e� ects. Skin rashes and pruritus are mentioned in 
the product information lea� et. A case of drug rash 
with eosinophilia and systemic symptoms (DRESS) 
syndrome under cilostazol and carbamazepine 
treatment has been published; DRESS resolved fol-
lowing discontinuation of both drugs and could be 
reproduced by challenge tests with the individual 
substances at a 4-week interval. Since cilostazol and 
carbamazepine are not structurally related, multi-
ple drug hypersensitivity is a more likely explana-
tion than cross-reactivity [32]. A 78-year-old female 
patient developed fatal toxic epidermal necrolysis 
(TEN) also under co-medication with carbamaze-
pine, cilostazol and omeprazole [33]. Two further 
cases in the US of TEN under cilostazol have been 
reported to the World Health Organization (WHO)/
VigiSearch. An interaction between carbamazepine 
and cilostazol is conceivable, since carbamazepine 
is a CYP-3A4 and CYP-2C19 inducer, whilst cilo-
stazol is a CYP-3A4 and (but less signi� cantly) CYP-
2C19 substrate. Whether this link is of immunolog-
ical relevance is as yet unknown.

Dipyridamole
Dipyridamole is used for the secondary prevention 
of ischemic insult and transient ischemic attack 
(TIA) and is available as a combination preparation 
with ASA. It inhibits phosphodiesterases in plate-
lets, which results in reduced platelet aggregation 
via an increase in cAMP. � e product information 
mentions skin rashes, urticaria, severe broncho-
spasm and angioedema, which, however, could also 

be attributable to the ASA component. Cases of se-
vere asthma, as well as isolated cases of  anaphylaxis, 
have been described in association with the use of 
adenosine (e. g. in the setting of cardiac stress test-
ing) [34].

Salava et al. [35] reported on a female patient with 
generalized eczema under dipyridamole treatment 
and a positive patch test for type-IV sensitization. 
A case of dipyridamole-induced Stevens-Johnson 
syndrome has been reported in Taiwan [36].

Anticoagulants
Vitamin K antagonists
Hypersensitivity reactions to coumarin derivates are 
on the whole extremely rare. In addition to couma-
rin necrosis – which occurs as a result of an imbal-
ance between vitamin K-dependent short-acting pro-
teins C and S and the longer-acting procoagulation 
factors II, IX and X in the setting of a transient 
 hypercoagulable state – maculopapular drug erup-
tions occur rarely, as well as urticarial, vasculitic and 
bullous reactions even more rarely [1]. � e case of a 
patient with acenocoumarol-induced DRESS syn-
drome was published in 2013 [37]. Skin testing can 
be used for the diagnosis of drug eruptions and urti-
carial reactions. Skin testing is contraindicated in the 
case of coumarin necrosis; however, protein C mea-
surement can be helpful in the diagnostic work-up.

Heparins
Heparins, negatively charged glycosaminoglycans, 
which bind to antithrombin III, thereby magnify-
ing its e� ect, cause side e� ects comparatively rarely 
if one considers the frequency with which they are 
used. Delayed-type (type IV) cell-mediated reac-
tions to LMWH occur most commonly, involving 
erythematous plaque formation at the site of admin-
istration, at most with secondary generalization; in 
these cases tolerance is usually observed with un-
fractionated heparin and the synthetic pentasaccha-
ride inhibitor fondaparinux [1]. Type IV sensitiza-
tion to fondaparinux with erythematous plaque for-
mation at the injection site occurs very rarely [38]. 
Complex drug eruptions or severe cutaneous ad-
verse reactions (SCAR), as well as isolated eosino-
philia, are described far more rarely. Immediate-
type allergic reactions largely attributable to conta-
mination or preservatives are also very rare. Genuine 
IgE-mediated reactions to heparins are a rarity [39]. 
� ese need to be distinguished from a 2007 spate of 
anaphylaxis cases, some with fatal outcome, in re-
sponse to HMWH, which were attributed to con-
tamination with oversulfated chondroitin sulfate, 
leading to complement activation as well as activa-
tion of the kallikrein-kinin cascade [40].

Heparin-induced thrombocytopenia due to the 
formation of antibodies against heparin platelet fac-
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tor-4 complexes, and the resulting hypercoagulabil-
ity [41] in the setting of white-clot syndrome with 
predominantly cutaneous necrosis, is a feared oc-
currence. � is phenomenon should be considered if 
the platelet count drops by 50 % compared with the 
baseline value within the � rst 10 (–14) days of treat-
ment.

Direct factor Xa inhibitors
Direct factor Xa inhibitors inhibit the active site 
and/or substrate binding sites of the protease factor 
Xa, thereby producing an anticoagulatory e� ect. 
 Rivaroxaban is an oral thromboprophylaxis used 
following hip and knee replacement surgery, as deep 
(recurrent) vein thrombosis and pulmonary embo-
lism prophylaxis and treatment, as stroke prophy-
laxis and to prevent systemic embolism in non-val-
vular atrial � brillation. Immunological side e� ects 
are on the whole very rare [42] and are given in the 
product information as occurring at a rate of 
0.1 %–1 %. A case of rivaroxaban-induced truncal 
maculopapular exanthema with a partially pustu-
lous aspect and accompanied by neutrophilia and 
mild eosinophilia was published in 2013. No allergy 

diagnostic work-up was performed. However, the 
time interval of only 2 and at most 5 days between 
the � rst documented use of the medication and the 
� rst sign of exanthema is extremely short for an im-
munological sensitization phase [43]. Only isolated 
hypersensitivity reactions were observed in the 7,111 
patients in the rivaroxaban treatment arm of the 
ROCKET-AF study: toxic skin eruption (0.03 %), cu-
taneous vasculitis (0.01 %), erythema multiforme 
(0.0 %), exfoliative rash (0.01 %) and anaphylaxis or 
anaphylactic shock (0.01 %, respectively).

Apixaban is another oral, selective, direct and 
 reversible inhibitor of factor Xa, also for which no 
reports (other than in the product information: fre-
quency > 1/1,000, < 1/100) on possible allergic reac-
tions can be found. Although the question of  whether 
the use of rivaroxaban, apixaban, darexaban or 
edoxaban carries a higher risk for drug-induced 
 liver injury (DILI) was posed, a meta-analysis was 
able to rule out this risk [46]. Edoxaban, betrixaban, 
darexaban, razaxaban and otamixaban, the only 
parenteral factor-Xa inhibitor, have been or still are 
in the clinical trial phase and have not yet been 
granted marketing approval either by the US Food 

Tab. 1: Estimated frequency of hypersensitivity reactions to various substance groups with anticoagulant e� ects

Substance group 
according to site 
of action

Chemical name Non-allergic 
intolerance

Immediate-
type reaction

Uncomplicated 
rash

Hyper-
sensitivity 
 syndrome

Bullous skin 
reaction

Cytopenia Other

Cyclooxygenase 
inhibitors

ASA and NSAID frequent – rare – rare – rare

P2Y12 inhibitors Thienopyridine/ 
ticagrelor

– rare occasional rare isolated – rare

Glycoprotein IIb/
IIIa receptor anta-
gonists

Fibans/
abciximab

– rare isolated – – frequent –

Phosphodiesterase
inhibitors/
dipyridamole

Quinolinone 
 derivative/
dipyridamole

–/– -/rare –/isolated isolated/– isolated/
isolated

–/– –/–

Vitamin K 
 antagonists

Coumarins – isolated rare – isolated – isolated

Antithrombin-III 
activators 
 (heparins)

Glycosamino-
glycans

– isolated frequent – rare – occasional

Direct factor Xa 
 inhibitors

Xabans, 
oxazolidinones

– iolated rare – – – isolated

Direct thrombin 
inhibitors

bivalent polypep-
tide hirudin 
 derivatives, non-
peptide thrombin 
inhibitors

– – rare – isolated – –

No data given (–No data given (–No data given ( ): insuffi  cient information available–): insuffi  cient information available–
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and Drug Administration (FDA) or for German-
speaking countries [47].

Direct thrombin inhibitors
Dabigatran is an oral, speci� c, reversible monova-
lent direct thrombin inhibitor for the prevention of 
thrombosis, which, as a prodrug (dabigatran etexi-
late), � rst needs to be biotransformed into its active 
form by non-speci� c blood enzymes. Elimination is 
exclusively renal, suggesting a low potential for in-
teraction with hepatic elimination mechanisms. � e 
most common complications include dyspepsia and, 
at higher doses, in particular gastrointestinal bleed-
ing complications [48]. According to the approval 
trial RE-LY, as well as the post-marketing data, 
 hypersensitivity reactions are rare [49]. Individual 
cases of sometimes pronounced maculopapular ex-
anthemas, some involving pruritus, are described 
[45, 50]. Although a possible association with TEN 
in an 86-year-old female patient was reported in one 
case [51], it was not possible to conclusively estab-
lish a causal link. In another case, hepatopathy de-
veloped in addition to a rash [52]. A recent meta-
analysis, however, showed there to be no increased 
risk of hepatopathy with dabigatran [46]. Dabiga-
tran tolerance was detected in a patient with aceno-
coumarol-induced DRESS syndrome [37].

Melagatran and ximelagatran were also available 
in Europe between 2004 and 2006 for use as prophy-
laxis against thromboembolism and to prevent stroke 
in patients with atrial � brillation, initially with a very 
good bene� t–risk pro� le. Due to an  ultimately etio-
logically unexplained increase in  liver enzymes that 
was not detected during pre-clinical studies and 
which could not be reproduced in animal models, 
both preparations were voluntarily withdrawn from 
the market by the manufacturer in 2006. However, 
an association between the severe course of ximela-
gatran-induced DILI and certain human leukocyte 
antigen (HLA) types could be demonstrated, point-
ing to a pharmacogenetic problem [53].

Argatroban, the � rst monovalent synthetic throm-
bin inhibitor to be approved, binds reversibly and 
competitively to the active site of thrombin. It is 
 approved as an anticoagulant in patients with type II 
heparin-induced thrombocytopenia (HIT II). � e 
 accepted wisdom is that the risk of side e� ects in-
creases with increasing treatment duration and that 
short-term use in the context of interventional 
cardio logy procedures has relatively few side e� ects. 
According to the manufacturer‘s product informa-
tion, symptoms of a possible allergic reaction to 
 argatroban include dyspnea, cough, exanthema (pos-
sibly bullous) and general signs of vasodilation. How-
ever, a causal link to argatroban has not been possible 
as yet to conclusively identi� ed. Over 95 % of patients 
experiencing these rare symptoms, which could pos-

sibly be  attributed to a hypersensitivity reaction, were 
simultaneously exposed to other medications capable 
of eliciting allergic reactions (X-ray contrast medium, 
streptokinase, etc.). To our knowledge, no allergy 
 diagnostic work-up took place.

In addition to these, two monovalent direct 
thrombin inhibitors, the bivalent hirudin, lepiru-
din, desirudin and bivalirudin are also worthy of 
note. Natural hirudin (obtained from the head and 
circumpharyngeal nerve rings of the medicinal 
leech Hirudo medicinalis) and genetically engi-
neered hirudin (r-hirudin from Saccharomyces cere-
visiae, e. g. lepirudin and desirudin) have not been 
commercially available since 2012 (lepirudin). Se-
vere anaphylaxis has been potentially associated 
with the formation of speci� c anti-hirudin antibod-
ies [54]. At present, only bivalirudin, a recombinant 
hirudin fragment, is available in German-speaking 
countries. Its characteristic features of a shorter 
half-life, enzymatic cleavage by thrombin that takes 
place predominantly in plasma, therefore making 
elimination largely independent of organ function, 
as well as its signi� cantly lower risk for immediate-
type hypersensitivity reactions (0.03 %) make it dis-
tinct from other hirudins. Caution is advised in pa-
tients with previous anaphylactic reaction to lepiru-
din, since cross-reactivity due to structural homolo-
gies cannot be ruled out [55].

Summary
� e new generation of antithrombotic agents has per-
mitted signi� cant advances in the area of platelet ag-
gregation inhibition and anticoagulation. To date, 
immunologically-mediated hypersensitivity reac-
tions are overall relatively rare (Tab. 1); having said 
that, the frequently used thienopyridines can elicit 
numerous clinical manifestations. Moreover, relevant 
cross-reactivity has been demonstrated in this group. 
Also of importance are the rare yet severe hypersen-
sitivity syndromes and bullous drug eruptions de-
scribed for virtually all new drug groups.
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