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plication of dalteparin (Fragmin ® ). Evaluation with a skin 
prick test showed positive results for dalteparin. The second 
case deals with a 73-year-old female with a suspected imme-
diate type reaction after the administration of dalteparin 
(Fragmin ® ). A skin prick test was negative but intracutane-
ous tests showed a positive reaction to the causative agent. 
Both cases indicated cross-reactivity reactions for low-mo-
lecular-weight heparin (LMWH) but not for unfractioned 
heparin (UFH) or fondaparinux. In conclusion, our case re-
ports including a review of published cases of immediate 
type hypersensitivity reactions after the application of hepa-
rins illustrate this rare complication. Mostly, the causative 
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 Abstract 

 Immediate type hypersensitivity reactions due to heparins 
are rare, and the exact immunologic pathomechanism has 
not been identified so far. In our 2 case reports, we describe 
first a 50-year-old female who received dalteparin (Frag-
min ® ) and developed signs of an immediate type hypersen-
sitivity reaction. The personal history revealed a previous ap-
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   Established Facts 

 • Heparins are widely used anticoagulants in clinical practice, and they are known to provoke all types 
of hypersensitivity reactions; especially delayed type hypersensitivity reactions (type IV) are common. 

 • Immediate type hypersensitivity reactions to heparin compounds are very rare, and only a few cases 
have been published so far. 

   Novel Insights 

 • In immediate type hypersensitivity reactions the causative agent can be identified with a skin test, 
which suggests an IgE-mediated reaction. 

 • Therapeutic alternatives with a small risk of cross-reactivity in case of a sensitization to a low-molec-
ular-weight heparin are unfractioned heparin and especially the pentasaccharid fondaparinux. 

 • Heparins of the same substance class, such as low-molecular-weight heparins, should be avoided as 
alternative substances. 
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agent can be identified with a skin test, which is highly sug-
gestive of an IgE-mediated reaction. Therapeutic alterna-
tives for patients with sensitization to an LMWH are UFH and 
fondaparinux. Both agents have a small risk of cross-reactiv-
ity compared to heparins of the same substance class. 

 © 2017 S. Karger AG, Basel 

 Introduction 

 Heparins are widely used therapeutic agents for pro-
phylaxis and treatment of thromboembolic diseases  [1] . 
Chemically, heparins are composed of a complex mixture 
of polysaccharide chains and, based on their diverse 
lengths and molecular weights, unfractionated heparin 
(UFH), low-molecular-weight heparin (LMWH), and ul-
tra-LMWH (ULMWH) can be distinguished. These hep-
arins are the most commonly used in clinical practice. 
Other anticoagulants like heparinoids (danaparoid) or 
direct thrombin inhibitors (lepirudin) are used generally 
in patients with heparin-induced thrombopenia (HIT) 
because of their small therapeutic index  [2] .

  Heparins are known to provoke all types of hypersen-
sitivity reactions such as type I, type II, type III, and type 
IV reactions according to the classification by Gell and 
Coombs. However, immediate type hypersensitivity reac-
tions (type I) are very rare and only a few documented 
cases have been published so far  [3] . A recent epidemic of 
anaphylactic reactions to heparins could be related to 
oversulfated heparin molecules resulting in activation of 
the contact system  [4] .

  Case Report 1 

 A 50-year-old female presented at the emergency department 
with a high suspicion of deep venous thrombosis. A few minutes 
after receiving a subcutaneous injection of dalteparin (Fragmin ® ), 
she immediately developed pruritic wheals on her whole body, a 
swollen tongue and swollen eyelids, dyspnea, and finally a short 
loss of consciousness. After the administration of antihistamines 
and corticosteroids, she recovered quickly. Her personal history 
revealed that she had been anticoagulated prophylactically with 
dalteparin (Fragmin ® ) some months ago after vein stripping. At 
that time, no allergic reactions were documented.

  After this episode, she was diagnosed with venous thrombosis 
of the soleus vein and was anticoagulated with the direct factor Xa 
inhibitor rivaroxabaran (Xarelto ® ) without further problems, and 
she was referred to the Department of Allergology for additional 
testing within 4 months.

  With the initial hypothesis of an immediate type hypersensitiv-
ity reaction after the application of dalteparin (Fragmin ® ), the fol-
lowing anticoagulants were tested: unfractioned sodium heparin 

(Liquemin ® ), LMWH sodium dalteparin (Fragmin ® ), calcium na-
droparin (Fraxiparin ® ), and sodium enoxaparin (Clexane ® ), as 
well as the ULMWH fondaparinux (Arixtra ® ). A skin prick test was 
positive for dalteparin only, and secondary symptoms like wheals, 
beginning angioedema of the lips, and dyspnea were observed. Af-
ter oral administration of levocetirizin (Xyzal ® ) and recurrent sal-
butamol inhalations (Ventolin ® ), she rapidly recovered. Skin prick 
tests with all other heparins were negative. Intracutaneous tests 
were weakly positive at a concentration of 1:   100 and clearly positive 
at a dilution of 1:   10 for LMWH such as nadroparin and enoxaparin. 
With unfractioned heparin (UFH) and the pentasaccharid 
fondaparinux, respectively, the intracutaneous tests remained neg-
ative. A basophil activation test (BAT) showed no activation for 
dalteparin, enoxaparin, and fondaparinux ( Table 1 ).

  Therefore, the patient was diagnosed with a specific type I hy-
persensitivity to all tested LMWH and no sensitization to UFH or 
the ULMWH fondaparinux. An intravenous challenge test with 
UFH (cumulative dose of 7,500 IE Liquemin ® ) and subcutaneous 
provocation with ULMWH fondaparinux (cumulative dose of 2.5 
mg Arixtra ® ) were tolerated without any symptoms.

  Case Report 2 

 A 73-year-old female patient was treated 5 years ago with dalte-
parin (Fragmin ® ) because of a lung embolism. After the applica-
tion of dalteparin, the patient reported pruritus with local swelling 
of the hands; however, an allergologic work-up was not performed 
at that time. Because of a planned operation of the paranasal si-
nuses, the question of a tolerated anticoagulant was raised.

  With an initial hypothesis of an immediate type hypersensitiv-
ity reaction of grade I (angioedema of the hands) after the applica-
tion of dalteparin (Fragmin ® ), a skin prick test with the same re-
agents as described in case 1 was performed. All tested reagents 
were negative. In intracutaneous tests, the only positive reaction at 
a dilution of 1:   100 was found for the LMWH nadroparin. All oth-
er LMWH, as well as UFH and the pentasaccharid fondaparinux, 
were negative. In the BAT dalteparin, nadroparin, and fondaparinux 
did not show significant activation or degranulation of the baso-
phil granulocytes ( Table 2 ).

  With a documented specific type I hypersensitivity to the LMWH 
nadroparin, a subcutaneous challenge test with the structurally least 
related ULMWH fondaparinux was performed (cumulative dose of 
2.5 mg Arixtra ® ) and it was tolerated without any reaction.

  Discussion 

 Heparins may provoke type I to type IV hypersensitiv-
ity reactions; particularly delayed type hypersensitivity 
(DTH) reactions (type IV) are common  [3] . After a la-
tency of 2–10 days to 3 weeks, infiltrating eczematous 
plaques can develop locally at the injection sites. Histo-
logical findings are lympho-histiocytic dermal infiltra-
tion and spongiosis of the epidermis. Only rarely general-
ized maculopapular exanthemas and exceptionally Lyell 
syndrome have been described  [3, 5] . The most danger-
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ous hypersensitivity reaction to systemic heparin use is 
heparin-induced thrombocytopenia (HIT II), a type II 
antibody-mediated hypersensitivity reaction against 
complexes of platelet factor 4 and heparin  [2] .

  Immediate type hypersensitivity reactions to heparin 
compounds seem to be very rare, and only a few cases 
have been published so far  [6–18] . Based on skin tests, the 
most likely pathomechanism seems to involve an IgE-
mediated reaction. Nevertheless, a complete allergologic 
work-up was not performed on all reported patients and 
only 10 cases have been completely followed up so far. An 
allergologic work-up is crucial to detecting the responsi-
ble agent and to identifying alternative substances to treat 
patients. Due to the low prevalence of immediate type 
hypersensitivity reactions to heparins, the most reliable 
diagnostic tool is uncertain. Standard allergological test-
ing for immediate type hypersensitivity usually includes 

in vivo   tests (skin prick and intradermal tests and a chal-
lenge test), as well as in vitro   tests (sIgE and BAT). Skin 
tests have a high sensitivity for DTH reactions from hep-
arins, and especially intracutaneous testing and subcuta-
neous reexposure can be considered gold standards for 
identification of the suspected elicitor  [19] .

  In  Table 3 , all published cases of immediate type hy-
persensitivity reactions to heparins with a complete aller-
gologic work-up are listed  [10–16, 18, 20] . Analogous to 
our 2 cases, in most patients the heparin causative of the 
immediate type hypersensitivity reaction was an LMWH. 
In 83.3% of cases, the substance causative of the immedi-
ate type hypersensitivity reaction could be detected by 
skin tests (skin prick test/intracutaneous skin test), and in 
the other cases at least some positive skin tests results for 
the same substance class have been found. Therefore, as 
in DTH reactions, skin test seems to have a high sensitiv-

 Table 1.  Case 1: results of the diagnostic tests

Drug Trade name Solution 
concentration

Skin prick test
(1:1)

Intracutaneous test
(1:100 and 1:10)

BAT Challenge 
test

Unfractionated heparin 7,500 IE i.v.
Heparin natrium Liquemin® 500 IU/5 mL Negative Negative nt Negative

Low-molecular-weight heparin
Dalteparin natrium Fragmin® 2,500 IU/0.2 mL ++a nt Negative nt
Nadroparin calcium Fraxiparin® 1,900 IU/2.0 mL Negative Positive (1:10) nt nt
Enoxaparin natrium Clexane® 20 mg/0.2 mL Negative Positive (1:10) Negative nt

Ultra-low-molecular-weight heparin 2.5 mg sc
Fondaparinux Arixtra® 2.5 mg/0.5 mL Negative Negative Negative Negative

 Skin tests were read after 20 min. nt, not tested; i.v., intravenous; sc, subcutaneously; BAT, basophil activation test. a Wheals, begin-
ning angioedema of the lips, and dyspnea.

 Table 2.  Case 2: Results of the diagnostic tests

Drug Trade name Solution 
concentration

Skin prick test
(1:1)

Intracutaneous test
(1:100 and 1:10)

BAT Challenge 
test

Unfractionated heparin
Heparin natrium Liquemin® 500 IU/5 mL Negative Negative nt nt

Low-molecular-weight heparin
Dalteparin natrium Fragmin® 2,500 IU/0.2 mL Negative Negative Negative nt
Nadroparin calcium Fraxiparin® 1,900 IU/2.0 mL Negative Positive (1:100) Negative nt
Enoxaparin natrium Clexane® 20 mg/0.2 mL Negative Negative nt nt

Ultra-low-molecular-weight heparin 2.5 mg sc
Fondaparinux Arixtra® 2.5 mg/0.5 mL Negative Negative Negative Negative

 Skin tests were read after 20 min.nt, not tested; sc, subcutaneously; BAT, basophil activation test. 
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ity for detection of the causative drug in immediate type 
hypersensitivity reactions.

  The diagnostic significance of the BAT is still unclear. 
Cabarello et al.  [12]  postulated that the BAT is a useful, 
safe, and reliable test for in vitro diagnosis of a heparin 
allergy, which permits avoidance of risky challenge tests. 
However, the BAT seems to have false-positive and false-
negative reactions  [20] , and therefore its diagnostic sig-
nificance and reliability remain controversial. In our 2 
cases the BAT was negative for the suspicious elicitors.

  Cross-reactions among heparin preparations in DTH 
are a known issue and detection of an alternative sub-
stance is often cumbersome  [21] . Evidence regarding 
cross-reactions in immediate type hypersensitivity is 
lacking. All published cases so far, including our 2 report-
ed cases ( Table 3 ), have shown cross-reactivity to at least 
a second LMWH. Therefore, alternative LMWH are not 
considered safe for patients with a known sensitization to 
LWMH. Cross-reactions with UFH have been reported 
in 45.5% of cases. However, Kavut and Koca  [15]  showed 
that desensitization with UFH was found to be a safe op-
tion in immediate type hypersensitivity to LMWH.

  Interestingly, the factor Xa inhibitor fondaparinux 
showed only a low incidence of cross-reactivity (25%) and 
may be a good alternative for patients with sensitization 
to LMWH. In 5 out of 8 tested cases, the compatibility of 
fondaparinux as an alternative anticoagulant was proven 
with a subcutaneous challenge test. In 1 case all skin tests 
were negative and a provocation test was not performed 

 [13] . The other 2 cases where fondaparinux was not con-
sidered a safe alternative anticoagulant involved a positive 
skin prick test  [15]  and a not-otherwise-specified cross-
reaction to fondaparinux  [17] . However, no clinical im-
mediate type hypersensitivity reaction to fondaparinux 
has been published so far, and the allergic potential for the 
development of a DTH reaction is known to be signifi-
cantly lower compared to other heparins (0.4 vs. 7.5%). 
Furthermore, fondaparinux-induced thrombocytopenia 
(HIT) is a rarity  [5, 22] . This might be due to the full syn-
thetic structure of the pentasaccharide sequence of hepa-
rin with a molecular weight of only 1,728 kDa  [23] .

  In DTH reactions, Weberschock et al.  [21]  showed in 
a recent review that in patients with a known sensitization 
to heparins the risk of a cross-reaction to other heparins 
was very high (92.9%). Furthermore, they reported a 
probability of 67.1% for the development of a cross-reac-
tivity reaction to UFH. The lowest frequency of cross-
reactions was observed for pentosan polysulfate (36.4%) 
and fondaparinux (10.4%). Fondaparinux is therefore 
recommended as the current best alternative also in cases 
of DTH reactions to either UFH or LMWH. These con-
clusions are comparable to our results and indicate that, 
independently of a DTH or an immediate type hypersen-
sitivity reaction, the risk for a cross-reaction to another 
specific heparin molecule seems to be similar, even if the 
pathomechanisms are different. Nevertheless the exact 
antigenic moieties and the mechanisms involved have not 
been identified so far  [24, 25] .

 Table 3.  Results of allergologic work-ups in published cases with immediate type hypersensitivity to heparins

Case 
No.

Causative 
drug 

Test results for the 
causative drug

Cross-reactivity with LMWH 
(at least one other LMWH)

Cross-reactivity 
with UFH

Cross-reactivity with
ULMWH (fondaparinux)

Ref-
erence

UFH
1 Heparin Positive (ICT) Positive (ICT) – nt 10

LMWH
2 Dalteparin Positive (CT) nt Negative(SPT/SST/CT) nt 11
3 Enoxaparin Positive (ICT/BAT) Positive (ICT) Positive (ICT) nt 12
4 Enoxaparin Negative (SPT/ICT/BAT) Positive (ICT/PT) Positive (BAT) nt 12
5 Nadroparin Positive (SPT/ICT) Positive (SPT/ICT/CT) Negative (SPT/ICT/PT) Negative (SPT/ICT/PT) 13
6 Dalteparin Positive (SP T/ICT) Positive (SPT/ICT) Negative (SPT/ICT/CT) Negative (SPT/ICT/CT) 14
7 Enoxaparin Positive (ICT) Positive (CT) Positive (CT)a Negative (SPT/ICT/CT) 15
8 Enoxaparin Positive (SPT) Positive (SPT) Positive (SPT) Positive (SPT) 16
9 Enoxaparin Positive (ICT/BAT) Positive (ICT/BAT) Negative (SPT/ICT/CT)b Negative (SPT/ICT/BAT/CT) 17

10 Nadroparin Positivec Positivec Positivec Positivec 18
11 Dalteparin Positive (SPT) Positive (ICT) Negative (SPT/ICT/CT) Negative (SPT/ICT/BAT/CT) pp
12 Dalteparin Negative (SPT/BAT) Positive (ICT) Negative (SPT/ICT) Negative (SPT/ICT/BAT/CT) pp

 UFH, unfractioned heparin; LMWH, low-molecular-weight heparin; ULMWH, ultra-low-molecular-weight heparin; SPT, skin prick test; SST, skin 
scratch test; ICT, intracutaneous test; PT, patch test; BAT, basophil activation test; CT, challenge test; nt, not tested; pp, present publication.
a Successful desensitization afterwards. b BAT was (false) positive. c Positive results with SPT, ICT, and BAT: not otherwise specified.
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  New anticoagulants in oral applicable forms, such as 
the direct thrombin inhibitor dabigatran (Pradaxa ® ) or 
the direct factor Xa inhibitors rivaroxaban (Xarelto ® ) 
and apixaban (Eliquis ® ), were admitted in recent years 
for several indications. Due to their structural differences 
they may be additional alternatives for patients with a 
heparin allergy  [26] .

  Conclusions 

 Immediate type hypersensitivity reactions to heparins 
are very rare and only a few cases have been published so 
far. Among all of the cases, only one third of the patients 
have had further allergologic testing. According to the 

published data and our 2 cases, the causative agent can be 
identified in most cases with a skin test, and these results 
suggest an IgE-mediated reaction.

  Therapeutic alternatives in case of sensitization to an 
LMWH are UFH, with an average risk, and the structur-
ally least related pentasaccharid fondaparinux, which has 
the lowest risk for cross-reactivity. Heparins of the same 
substance class such as LMWH should be avoided as al-
ternative substances. However, all alternatives should al-
ways be identified by a challenge test.
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