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Summary
Localized hypersensitivity reactions to subcutaneous heparin in-
jections have been described since 1952.Yet, the incidence of
these reactions, which are distinct from skin lesions associated
with heparin-induced thrombocytopenia type II (HIT II),remains
uncertain.However, in the last 10 years an increasing number of
patients have been reported, leading to the assumption that cut-
aneous hypersensitivity reactions towards heparin are underre-
ported. Clinically patients present with itching, sometimes infil-
trated, and blistering erythemas at the injection sites of hepa-
rins.The diagnosis of cutaneous heparin allergy may, on the one
hand, lead to delay of required medical or surgical treatment.On
the other hand,delayed initiation of treatment may lead to a gen-
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eralized eczematous reaction. Hence, from review of 223 cases
of patients with cutaneous hypersensitivity reactions to heparin,
we here summarize the clinical picture of cutaneous type IV al-
lergic reactions, define risk factors on both the patient- and
drug-side, and give an overview of principle therapeutic alter-
natives, as well as recommendations for treatment options for
emergency and elective patients.As the proposed management
of patients with cutaneous hypersensitivity reactions to heparin
may have fatal consequences when applied in patients with HIT
type II,diagnosis of skin lesions in heparin-treated patients needs
to be precise.
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Introduction
Heparin1 was introduced into clinical practice as an anticoagulant
over 60 years ago, and has a long history for treatment / prophy-
laxis of thromboembolic diseases (1). It belongs to the class of
glycosaminoglycans, which are polysaccharides widespread in
vertebrates, including humans. Heparin itself is not antigenic and
thus not capable of leading to sensitization – and subsequent cut-
aneous type IV allergic reactions. However, polyvalent anions
such as heparin bind to proteins (2). As known from heparin-in-
duced thrombocytopenia type II (HIT II), heparin-protein-com-
plexes can lead to the formation of neoepitopes, whereby the

chain length of the heparin molecule plays an important role (2,
3). Cutaneous hypersensitivity (CHS) reactions have been no-
ticed as early as in 1952 by Plancherel (4). However, for the next
20 years no new cases were reported. In contrast, over the last 10
years an increasing number of reports on patients with type IV
CHS reactions were published. Still, the incidence of heparin-in-
duced CHS reactions is currently not known but believed to be
underreported (5–10). This assumption may be sustained by the
increasing numbers of patients with CHS reactions towards hepa-
rin being reported in the literature (Fig. 1). To address this issue
more concisely, a PubMed search with the keywords “heparin”,
“allergy” and “skin” was performed on January 17th, 2006. From
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181 publications, those dealing with heparin-induced cutaneous
type IV allergic reactions2 were selected. In addition, references
from selected publications were screened for additional pub-
lications. Overall, 56 papers were selected. In total, 223 patients
with heparin induced CHS reactions have been published (Fig. 1,
see Supplementary Table online at www.thrombosis-online.
com). The fact that known or newly diagnosed cutaneous heparin
allergy may lead to a delay of required medical or surgical treat-
ment is a challenging difficulty. Proper management of patients
with cutaneous allergic reactions towards heparin will aid to
avoid these obstacles. Hence, in this review we summarize the
clinical presentation of cutaneous type IV allergic reactions, de-

fine risk factors on both the patient- and drug-side, give an over-
view of principle therapeutic alternatives, as well as recommen-
dations for treatment options for emergency and elective patients.

Clinical aspects of heparin induced cutaneous
type IV allergic reactions

Clinical picture
Clinically patients present with itching, sometimes infiltrated,
and blistering erythemas at the injection sites of heparins (5–7,
11, 12). The size of individual lesions may vary, ranging from

Figure 1: Patients with cutaneous hypersensitivity (CHS) reactions towards heparin reported in the literature. On January 17th, 2006,
a PubMed search with the keywords “heparin”, “allergy” and “skin” was performed. From 181 publications those dealing with heparin induced cut-
aneous type IV allergic reactions were selected. In addition, references from selected publications were screened for additional publications. Overall,
56 papers were selected. In summary, 223 patients with CHS reactions towards heparin have been published. As shown, the number of reported pa-
tients, as well as the number of publications have dramatically increased over the last years. However, it remains uncertain, whether this is due to an
increased awareness or a true raise in incidence.

Figure 2: Clinical presentation of cutaneous heparin-hypersensitivity reactions. a) Single, small erythematosus plaque with few papulove-
sicles at the lower abdomen after subcutaneous challenge with a therapeutic dose of fondaparinux four days before. b) Multiple large and diffusely de-
marked erythematosus plaques with papulovesicles and scaling on the leg of a patient after repeated exposure to danaparoid. (Image is taken from
Ludwig RJ, Schindewolf M, Alban S et al. Molecular weight determines the frequency of delayed type hypersensitivity reactions to heparin and syn-
thetic oligosaccharides. Thromb Haemost 2005; 94: 1265–9)
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very small to rather large lesions (Fig. 2). Seldom, generalized
eczematous reactions may result (13–15). If a biopsy is obtained,
histological examination reveals epidermal spongiosis and
edema with a lymphocytic infiltrate, accompanied by numerous
eosinophils in the papillary dermis (6). However, obtaining a
punch biopsy for diagnosis is not routinely required – usually
CHS reactions toward heparin are diagnosed based on the history
and clinical presentation of the patient. In some occasions, espe-
cially those where lesions are present as erythemas only and not
localized at the injection sites, obtaining a biopsy may be helpful
to distinguish between CHS reactions and heparin-induced skin
reactions (e.g. erythemas and/or necrosis), which can be associ-
ated with HIT II (16). To differentiate between those two differ-
ent diseases is of utmost importance, as treatment options (see
below) for heparin-induced CHS are of potential great risk for
patients with HIT-associated cutaneous reactions.

Time course of CHS reactions towards heparin
Most CHS reactions to heparin are noticed within one week after
initiation of anticoagulant treatment (6, 11, 17, 18). In a second
group of patients (19–23), heparin allergy is observed after
weeks of repetitive subcutaneous injections of the drugs (Fig.
3A). These two peaks in onset of the disease most likely reflect
the fact that patients with prompt reactions are already sensitized
to heparin. This assumption is sustained by the fact that symp-
toms in this cohort of patients mostly developed within three
days of subcutaneous (s.c.) heparin treatment. Whereas patients
with a late onset of cutaneous allergic reactions to heparin be-
come sensitized during the treatment period. From the data re-
viewed, sensitization in most patients occurs within the first two
weeks of heparin treatment; however, sometimes it may take as
long as five months (24). These differences may be due to the he-

parin preparation used. Yet, there is currently not enough data
available to sustain this hypothesis. If treated accordingly (omis-
sion of the respective heparin preparation and application of
topical steroids if desired), lesions usually resolve within a week.

Risk factors for development of type IV heparin allergy
From review of the literature, two groups of risk factors can be
identified (Table 1): First, patient-related – and second, risk fac-
tors related to the different heparin preparations. On the patient
side, the most predominant risk factor for development of an ad-
verse CHS responses towards subcutaneous injected heparin is
female sex – 92.5% of all 212 reported patients in which sex was
specified were female (see Supplementary Table online at www.
thrombosis-online.com). This gender imbalance is far greater
compared to the increased female gender in HIT, which is ap-
proximately 1.5 – 2.0 : 1 according to a recent publication (25).
The disease also develops more often in the elderly (Fig. 3B),
with over 65% of patients being older than 50 years and an aver-
age age at diagnosis of 56 ± 15 years [mean ± standard error

Figure 3: Onset of symptoms after initiation of heparin therapy
and age distribution at diagnosis. A) Data on the onset of symp-
toms was available for 114 patients. In the vast majority, cutaneous hy-
persensitivity (CHS) responses were observed within the first week
after initiation of subcutaneous anticoagulant treatment. Among these
patients symptoms usually occurred between days 2 and 4 of heparin ap-
plication (see Supplementary Table online at www.thrombosis-online.
com). Hence, most of patients presenting with CHS responses towards
heparin are already sensitized. In the remaining patients, sensitization is
achieved rather rapidly: Of all patients presenting with cutaneous hyper-

sensitivity reactions to heparin after the first week of treatment, the ma-
jority of eczematous lesions was observed two weeks after initiation of
anticoagulant treatment. Seldom, lesions are observed at later time
points; with one patient developing itchy plaques at injection sites five
months after continuous sandoparin therapy (24). B) In the evaluated
publications, age was specified for 133 patients. In these, the average age
at diagnosis was 56 ± 15 years (mean ± SD). The majority of patients
was aged between 60 and 69 years. In addition, heparin cutaneous hy-
persensitivity is only seldom observed before the age of 40.

Table 1: Risk factors for development of cutaneous hypersensi-
tivity reactions to heparin. Likely, but nor proven risk factors are
marked with a “?”.

Risk factors on patient’s side Risk factors on the drug’s side

Female sex Increasing molecular weight

Older age

Pregnancy

Prolonged exposure to heparin (?)

Obesity (?)



Ludwig et al. Heparin-induced cutaneous type IV hypersensitivity

4

(SD)]. Younger patients developing a CHS reaction towards he-
parin are mostly pregnant – 47.8% of all 23 patients in this age
group and 61.1% of all 18 patients, where the indication for he-
parin treatment was stated, were pregnant (see Supplementary
Table online at www.thrombosis-online.com). This fact may in-
dicate that hormonal factors are important for generation of pro-
tein-heparin complexes, which are presented as allergens, in the
skin. Another explanation for the relatively high prevalence of
cutaneous heparin-hypersensitivity reactions in pregnancy
might be the long exposure to the drug. However, this issue re-
mains to be investigated in future clinical trials. Obesity has also
been implied to be a risk factor. However, only a minority pa-
tients with CHS reactions towards heparin have been reported to
be overweight (22, 26–30). As obesity was not stated for the re-
maining majority of patients, it remains uncertain if obesity is a
risk factor for development of cutaneous type IV allergic reac-
tions towards heparin.

In addition, the heparin preparation used also has a great in-
fluence on the elicitation of cutaneous type IV allergic reactions.
A recent study from our group has identified molecular weight
as an important determinant for sensitisation towards different
heparin preparations. In this study we plotted the molecular
weight of anticoagulants (UFH, tinzaparin, nadroparin, certopa-
rin, enoxaparin, dalteparin, danaparoid and fondaparinux) to the
cumulative degree of sensitization towards these preparations, as
determined by allergologic work-up in 12 patients with CHS
reactions toward heparin. A strong correlation of these two para-
meters was observed. In contrast, the degree of sulfation did not
correlate with the cumulative degree of sensitization towards the
heparins. Hence, molecular weight determined the frequency of
CHS reactions to heparin and synthetic oligosaccharides (5).
These findings are in accordance with data published by Lane
(2), who showed that heparin binding to proteins increases with

the molecular weight of the heparin, which is a prerequisite for
heparin to become a possible allergen (2, 3, 9).

Management of patients with CHS reactions
towards heparin

If a cutaneous reaction under heparin is observed, immune hepa-
rin-induced thrombocytopenia with associated skin lesions
needs to be ruled out clinically (16) and by appropriate labor-
atory investigations for HIT, which include measurement of pla-
telet count, comparison with recent previous values (to detect
new-onset thrombocytopenia that begins five or more days after
starting heparin) and detection of pathogenic platelet-activating
anti-platelet factor 4/heparin (PF4/heparin) antibodies using
either heparin-dependent platelet activation assays or anti-
PF4/heparin immunoassays (31, 32). In some patients, obtaining
a skin biopsy for differentiation of HIT-associated skin lesions
and allergic reactions may be required (especially at the onset of
symptoms), which in most cases can clearly distinguish between
the two diseases – even between heparin-induced CHS and the
erythematosus stage of HIT-associated skin lesions (M. Wolter,
Department of Dermatology, Clinic of the J. W. Goethe Univer-
sity, Frankfurt, Germany – personal communication). Histopath-
ologically, in heparin-induced skin lesions a dermal vascular oc-
clusion secondary to microvascular platelet–fibrin plugs, or
„white clots“ can be observed. In developed lesions the overlying
epidermis shows ischemic necrosis. In contrast, histological
examination of heparin-hypersensitivity reactions reveals epi-
dermal spongiosis, dermal oedema and a lymphocytic infiltrate,
accompanied with numerous eosinophils in the papillary dermis
(6). After diagnosis of heparin-induced CHS reaction is estab-
lished, a number of therapeutic alternatives can be offered to

Table 2: Properties of alternative anticoagulants.

Anticoagulant Advantage(s) Disadvantage(s) Recommendation

UFH i.v. – reliable anticoagulation
– inexpensive
– short half-life

– handling (i.v. infusion)
– HIT-antibody testing has to be negative

– First choice in emergency if
HIT-associated skin lesions are excluded
and HIT-antibodies can not be detected

Lepirudin or
Desirudin

– s.c. injection possible (off-label use)
– no crossreactivity with heparin
– no crossreactivity concerning HIT
– short half-life

– antibody formation
– fatal anaphylactic reactions possible
– expensive
– accumulation in renal insufficiency

– emergency patients, esp. if HIT-antibody
testing is not possible

– alternatively in elective patients

Danaparoid – s.c. injection possible – 3% crossreactivity (HIT)
– up to over 40% cross-reactivity (CHS)
– long half-life
– expensive

– emergency patients, esp. if HIT-antibody
testing is not possible

– Elective patients after negative in i.c.
and challenge tests

Argatroban – no crossreactivity (HIT)
– no crossreactivity (CHS)
– short half-life

– s.c. injection not possible
– expensive
– accumulation in liver dysfunction

– Emergency patients, esp. if HIT-antibody
testing is not possible

– Alternatively in elective patients

Fondaparinux – save
– s.c. injection possible
– no crossreactivity (HIT)

– crossreactivity with heparins (CHS )
< 10 %)

– long half-life
– no prospective trials in HIT-patients

available

– Elective patients after negative in i.c.
and challenge tests

Pentosanpolysulfate – s.c. injection possible – crossreactivity with heparins – Elective patients after negative in i.c.
and challenge tests
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these patients. These options differ with regard to safety and
practical issues, which are detailed below (Table 2).

Emergency patients
In emergencies, where continuous anticoagulation is required,
intravenous injection of UFH or administration of lepirudin are
the only current alternatives which can be offered to patients.The
first case of tolerance of intravenous (i.v.) heparin despite ecze-
matous reaction to subcutaneous (s.c.) injected heparin was pub-
lished in 1991 by Koch et al. (20). The authors describe a
67-year-old patient with proven type IV sensitisation to heparin,
who required heparin treatment during surgery for worsening
coronary heart disease. The patient tolerated i.v.-heparin treat-
ment without any side effects. As the patient additionally receiv-
ed methylprednisolone and clemastine, it can not be ruled out
that a possible cutaneous reaction was suppressed by the later
medication. Yet, subsequently evidence has accumulated from
several case reports that i.v. heparin treatment is tolerated despite
CHS responses towards subcutaneous injected heparin (22 33,
34). A recent prospective clinical trial, which included 28 pa-
tients with proven CHS towards a wide range of heparin pre-
parations, has now clearly shown that i.v. heparin is well toler-
ated by these patients. No systemic or cutaneous reactions were
observed after i.v. challenge with UFH during a three-day fol-
low-up period (35). I.v. heparin administration may therefore be
the anticoagulant of choice in emergency cases for patients with
CHS responses towards heparin. We favor this approach over
lepirudin. The thrombin inhibitor lepirudin is a recombinant
non-human protein and was the first approved anticoagulant not
cross-reacting with HIT antibodies (36). However, for several
reasons, we only regard lepirudin as an alternative to i.v. heparin
in patients with CHS towards heparin: In contrast to heparin,
lepirudin itself may be antigenic. This is reflected by the high
incidence of anti-hirudin antibodies in patients receiving lepiru-
din for longer periods of time (37–39). In addition, type I
(40–43) and type IV (44, 45) cutaneous reactions to lepirudin or
hirudin have been observed; with even fatal anaphylactic reac-
tions being described (41). However, to put the risk of anaphyla-
xis caused by lepirudin into perspective, the risk of severe an-
aphylactic reactions is 0.015% on first treatment and 0.16% in
re-exposed patients (41). Therefore, i.v.-heparin application
should only be performed when HIT-antibody testing revealed a
negative result. If HIT can not be ruled out or if HIT-antibodies
are present, lepirudin, danaparoid or argatroban can be used as
alternative anticoagulants. Fondaparinux may be a further option
(Table 2). However, in contrast to the situation in HIT, in which
danaparoid and (likely) fondaparinux can be administered by s.c.
or i.v. route with very low risk of inducing in-vivo cross-reactiv-
ity, in heparin-induced CHS, cross-reactivity rates resulting from
s.c. administration of fondaparinux and danaparoid have been
observed to be as high as 16.7% and 45.9%, respectively (5, 7).

Elective patients
As a once- or twice-daily s.c. application is far more practical
than continuous i.v. infusion (especially in an outpatient setting),
the above mentioned alternatives are less applicable for elective
patients. Patients with a known CHS response to heparin who
will have to undergo elective therapy should be tested for alter-

natives before the treatment – or ideally 6–8 weeks after clear-
ance of eczematous lesions at heparin injection sites. Without
prior allergy test, no anticoagulant should be given to these pa-
tients, as a high cross-reactivity with other heparin preparations
(6, 12, 46, 47), as well as heparinoids (5–7, 22, 48), has been ob-
served. For validation of CHS response towards a certain heparin
preparation, as well as testing for alternative anticoagulants, in-
tracutaneous application of undiluted anticoagulants, followed
by subcutaneous challenge of negatively tested substances at a
single therapeutic dose, is the most sensitive method (5, 7, 9, 30).
Development of eczematous lesions at test sites (Fig. 4) should
be monitored 24, 48, 96 and 120 hours after application. To in-
crease specificity, negatively tested anticoagulants should then
be injected s.c., and injection sites monitored for occurrence of
eczematous lesions (10). Relatively often, immediate type reac-
tions are observed; as these also develop frequently in healthy
controls (49, 50), they should be regarded as an unspecific reac-
tion – unless the patient has a history of type I reactions after s.c.
heparin application. Prick- or epicutaneous tests with heparin
preparations only seldomly show a positive reaction, and hence
are of low specificity (5, 7, 24).

Recent attention has focused on the pentasaccharide fonda-
parinux (Table 2), which mimics the heparin antithrombin bind-
ing site, as the drug has repeatedly been reported to be well tol-
erated by patients with cutaneous heparin-hypersensitivity reac-
tions (21, 27, 51, 52). However, evidence is now accumulating
that some patients can mount CHS responses towards fondapari-
nux as well (5, 7, 10, 11, 53). Nonetheless, compared to heparins,
these are only rarely observed for the pentasaccharide (5, 7, 21,
54).

Figure 4: Example of test results from intracutaneous testing
of heparin preparations. Forearm of a patient four days after intracu-
taneous application of indicated substances. Severe, blistering responses
can be observed in sites exposed with nadroparin and enoxaparin. Only
histamine, NaCl, fondaparinux and tinzaparin yielded negative results.
However, after subcutaneous challenge with therapeutic doses of either
tinzaparin or fondaparinux, an eczematous lesion developed within four
days.
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Perspective
The advent of more specific inhibitors of the coagulation cas-
cade, e.g. direct thrombin- or factor Xa inhibitors (55) may pro-
vide additional alternatives for patients with cutaneous type IV
allergic reactions to heparin for several reasons: First, they are
chemically different from heparin. Hence, crossreactivity is very
unlikely to occur. Second, several of these substances which cur-
rently are under development / evaluated in clinical trials are or-
ally active (55), avoiding the s.c. application route.

One should keep in mind, however, that heparins posses
many properties beyond anticoagulation, e.g. inhibition of in-
flammation (56, 57) and metastatic spread (58–61) mediated by

numerous activities (62). Similar to the differences observed re-
garding the sensitization potential of individual heparin pre-
parations (5), these activities are independent of the anticoagu-
lant properties (63, 64). We therefore propose that different he-
parins should be regarded as individual drugs and that anticoagu-
lant therapy should be based on the individual activity profile of
the anticoagulant preparation. In case of patients with CHS re-
sponses to heparin, i.v. UFH or s.c. fondaparinux are currently
the most appropriate therapeutic alternatives.
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