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Abstract

Non-immediate allergic cutaneous reactions to heparins have been increasingly
reported, typically manifesting as large, eczematous plaques at sites of subcutaneous
injection. Patients may demonstrate cross-reactivity between unfractionated heparin,
low molecular weight heparin and semi-synthetic heparinoids, making finding an alter-
native difficult. Fondaparinux has been identified as a useful alternative in such
patients; here we present the first two documented cases in Australia and a literature

review.
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Non-immediate allergic reactions to unfractionated
heparin (UFH) and low molecular weight heparin
(LMWH) have been increasingly reported, with more
than 75 cases documented in the literature. Typical pre-
sentations include painful, erythematous plaques at
injection sites, generalised rashes and heparin-induced
thrombocytopenia Type II, with incidence likely under-
reported. Finding alternatives can be challenging due to
anticoagulant cross-reactivity. More recently, the anti-
coagulant fondaparinux has been identified as an alter-
native. Here we describe two cases which are, to the
authors” knowledge, the first documented Australian
cases of non-immediate, severe allergic cutaneous reac-
tions to heparins and heparinoids, where fondaparinux
was successfully used as an alternative anticoagulant.
Additionally, a review of the literature regarding fonda-
parinux as an alternative anticoagulant in the setting of
non-immediate hypersensitivity to heparins and hepari-
noids has been performed, to provide clinicians with an
overview of the field.

Two patients were referred to clinical immunology
outpatient clinics with a history of pruritic, erythematous
plaques at abdominal injection sites, 12-48 h after
administration of heparins. Patient 1, a 64-year-old
woman (height, 1.63 m; weight, 120 kg; body mass
index (BMI), 45.2) on warfarin for recurrent deep vein
thrombosis (DVT) and pulmonary embolism, presented
with previous reactions to subcutaneous LMWHs enoxa-
parin and dalteparin during periods of subtherapeutic
international normalised ratio levels. Subsequent subcu-
taneous challenge to heparin (5000 units) and graded
subcutaneous challenge to semi-synthetic heparin dana-
paroid at 1:10 and full doses (150 and 1500 units)
resulted in severe local eczematous reactions within
24 h. Patient 2, a 41-year-old woman (height, 1.69 m;
weight, 160 kg; BMI, 56.0), also developed non-
immediate severe local eczematous allergic reactions to
UFH given for DVT prophylaxis and later against enoxa-
parin, given for DVT treatment. Intracutaneous delayed
readings (7 days; 1:100; 1:10) to heparin (50 and
500 units), enoxaparin (0.2 and 2 mg), dalteparin
(50 and 500 units), danaparoid (7.5 and 75 units) and
fondaparinux (0.025 and 0.25 mg) revealed positive
reactions 6 days post-challenge to all except danaparoid
and fondaparinux. Subsequent subcutaneous danaparoid
challenge was unsuccessful. Subcutaneous challenge
performed with both patients against fondaparinux at
1:10 and full doses (0.25 and 2.5 mg) resulted in no evi-
dence of non-immediate cutaneous reactions. Rechal-
lenge with fondaparinux in Patient 1 was successful
(2.5 mg) (Fig. 1).
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Figure 1 (Patient 1) Results of subcutaneous unfractionated heparin
testing, 72 h post-injection into the abdomen.

Discussion

Heparins are mucopolysaccharides derived from bovine
or porcine tissues, commonly used for prophylaxis and
treatment of thromboembolism. Non-immediate hyper-
sensitivity cutaneous reactions to heparins usually pre-
sent as erythematous and tender lesions at the site of
injection. These reactions are not infrequent and are likely
an underreported phenomenon. Highlighting this, in a
prospective study in Germany which investigated non-
immediate reactions to subcutaneous heparins in patients
under care of internal medicine, 24 of 320 patients showed
signs of non-immediate reactions to heparins (incidence
7.5%).! Significant risk factors identified for such reactions
include treatment duration >9 days (odds ratio (OR) 5.9),
obesity (BMI > 25; OR 4.6) and female sex (OR 3.0).! For
diagnosis, subcutaneous testing is considered the gold stan-
dard as false negative results are seen with intracutaneous
testing and patch testing.>> Typical histological findings
from biopsies of cutaneous reaction sites exhibit dermal
oedema and mixed perivascular infiltrate with increased
eosinophils.?

Identification of an alternative anticoagulant in cases of
non-immediate cutaneous hypersensitivity can be chal-
lenging (Box 1). Substitution of one LMWH with another
without testing is not recommended due to high rates
of cross-reactivity.> Alternatives to LMWH include
heparinoids, hirudins and fondaparinux. Heparinoids
(e.g. danaparoid) are semi-synthetic mixtures of porcine-
derived glycosaminoglycans. Cross-reactivity between
heparinoids and heparins is less common, therefore testing
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is reasonable. Hirudins (e.g. desirudin) are peptides that
are usually produced in the salivary glands of leeches; their
mode of action is through thrombin inhibition.* For medi-
cal use, recombinant hirudins are produced from yeasts.*
Cross-reactivity between hirudins and UFH and LMWH is
observed less frequently, however significant allergic reac-
tions, including severe eczematous reactions, fatal anaphy-
laxis and bleeding have been described,” making this class
a less appealing option.

Box 1 Non-immediate cutaneous
hypersensitivity to heparins

* Non-immediate hypersensitivity reactions to heparins
include localised skin reactions, generalised rashes and
heparin-induced thrombocytopenia.

¢ Non-immediate cutaneous hypersensitivity reactions to
heparins typically present as large erythematous, eczema-
tous, painful and pruritic lesions at the site of subcutane-
ous injection.

¢ Subcutaneous challenge is the gold standard for diagnosis

¢ Significant risk factors identified include treatment dura-
tion >9 days, obesity and female sex.

¢ Fondaparinux, a subcutaneous anticoagulant that potenti-
ates the activity of anti-thrombin, is a useful alternative.

* Non-immediate cutaneous allergic reactions to fondapari-
nux are rare, with an incidence of 0.4%.

Fondaparinux is the first in a new class of anticoagu-
lants, comprising of a fully synthetic pentasaccharide
sequence which binds to anti-thrombin and enhances its
ability to inactivate factor Xa by 300-fold. Fondaparinux
can be given for thromboembolism treatment and pro-
phylaxis and is administrated once daily subcutaneously
with dose based on weight.

Based on the current literature, fondaparinux has been
a useful alternative in at least 40 cases of non-immediate
cutaneous reactions from heparins and heparinoids.>>™"!
Various studies and case reports from centres in Germany,
Austria and Spain demonstrated that cross-reactivity is not
uncommon between various types of UFH and LMWH
and between heparins and heparinoids. In a total of
48 cases where patients with confirmed non-immediate
reactions to heparins or heparinoids were challenged with
fondaparinux, 43 did not demonstrate any non-immediate
cutaneous reaction to fondaparinux.>¢"> There are only
five cases of cross-reactivity to fondaparinux reported,
with three of these reactions occurring only after
rechallenge.” '™ All five reactions were localised cutane-
ous reactions with no reports of anaphylaxis. Findings
based on the current literature are presented in Table 1.

In a prospective study by Schindewolf (2010), of
231 patients administered fondaparinux and observed
for subsequent cutaneous reactions, the incidence of
cutaneous reaction was 0.4%. The primary aim of this
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study was to assess the incidence and types of skin reac-
tions to fondaparinux. The one patient who reacted to
fondaparinux was a 44-year-old female with BMI of
35 who had not previously been exposed to heparins. Of
the 231 patients administered fondaparinux, five had a
history of previous non-immediate cutaneous reactions
to heparins or heparinoids; however none of these
patients demonstrated cross-reactivity to fondaparinux.
Phan et al. (2014) identified patients with positive skin
test(s) to at least one heparin, then tested for reactivity
to heparins, hirudins and fondaparinux by intracutane-
ous challenge. All 11 patients tested against fondapari-
nux had negative readings. However on subsequent
subcutaneous administration, two of seven patients fol-
lowed up developed localised reactions, highlighting
importance of re-challenge. Another three case reports
from Germany also document reactions to fondaparinux.
The first describes a 64-year-old female who reacted to
UFH, LMWH and danaparoid also reacted to fondapari-
nux.” The second case involves a 39-year-old female
who had a documented history of non-immediate cuta-
neous hypersensitivity to several LMWHs. On initial sub-
cutaneous exposure to fondaparinux, there was no
documented reaction. However on subsequent exposure
a localised eczematous reaction developed, again
highlighting importance of re-challenge to confirm.'?
Finally, the third case describes a 59-year-old female
who developed non-immediate cutaneous reactions to
nadroparin. On testing with various LMWH, hirudins
and fondaparinux, initially no reaction was demon-
strated on intracutaneous testing. However following
subcutaneous administration of fondaparinux, a non-
immediate hypersensitivity cutaneous reaction devel-
oped. BMI was not documented for these latter three
case reports.

The basis for cross-reactivity between heparins, hepari-
noids and factor Xa inhibitors (such as fondaparinux) is
likely attributable to shared epitopes between these clas-
ses. Fondaparinux has potential to cross-react, because it
represents the shortest sequence within the heparin mol-
ecule that is required to interact with factor Xa. The dif-
ference between these classes of anticoagulants in regards
to their antigenicity and ability to induce non-immediate
cutaneous reactions has been postulated to be related to
their molecular heterogeneity, with heparins comprising
large molecular weight structures (Mr 3000-58 000 Da)
of high heterogeneity.>!" This heterogeneity is not sur-
prising given they are naturally occurring molecules
sourced from various tissues of different species (porcine
and bovine). In contrast, fondaparinux is a fully synthetic
pentasaccharide structure (Mr 1700 Da), which is there-
fore homogenous in terms of its molecular structure and
thus has fewer potential epitopes.
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Table 1 Overview of studies testing cross-reactivity to fondaparinux

Authors Study features Anticoagulant Time frame until positive Patients tested with
confirmed reaction fondaparinux
to cause non-immediate (successful/
cutaneous reactions unsuccessful)
(route)
Phan et al., 2014° Retrospective study. Patients with UFH (IC) (ND) 912+
(h=19) history of reaction to heparins LMWH (IC)
Heparinoid (IC)
Hirudin (IC)
Fondaparinux (IC)
Schindewolf et al., 2010" Prospective study. Primary LMWH (ND) (ND) 5/0
(n =231) outcome was to determine Heparinoid (ND)
incidence and causes of skin
reactions after administration of
fondaparinux. Five patients had
history of non-immediate
reactions to LMWH or heparinoid,
but did not cross-react with
fondaparinux.
Pfdhler et al., 2008° Single centre case series. Patients UFH (IC, SC, patch, IV) 20 min to more than 14/0
(h=15) with history of reaction to LMWH. LMWH (IC, SC, patch) 120 h (time frames for
Danaparoid (IC, SC) individual agents not
specified)
Grims et al. 2007° Single centre case series. Patients LMWH (SC) 24-72 h 8/0
(n=28) with history of reaction to LMWH Danaparoid (SC) (ND)
Jappe et al., 2004’ Single centre case series. Patients UFH (IC) 9 days to 3 weeks 5/1
(n=7) with history of reaction to LMWH (IC) 2 days to 4 weeks
heparins and heparinoids Heparinoids (IC) 48 h
Fondaparinux (IC, SC) 48 h
Parody et al., 20038 Case report. Patient with history LMWH (SC) 5 days 1/0
(n=1) of reaction to LMWH
Santiago Sanchez-Mateos Case report. Patient with history UFH (IC, SC, patch) 7 days 1/0
etal., 2010 of reaction to heparins LMWH (IC, SC, patch) 4-7 days
(n=1
Hirsch et al., 2004'? Case report. Patient with history UFH (IC) 4 days 0¥
n=1) of reactions to heparins LMWH (IC, SC) 4 days
Fondaparinux (IC, SC) 4 days
Maetzke et al., 2005'3 Case report. Patient with history UFH (IC, patch) 48 h on
(n=1) of reactions to heparins LMWH (IC, patch) 3 days
Heparinoid (patch) 3 days
Fondaparinux (IC, SC) 24 h

‘tReaction only on rechallenge.

IC, intracutaneous; 1V, intravenous; LMWH, low molecular weight heparin; ND, not documented. SC, subcutaneous; UFH, unfractionated heparin.

To the authors’ knowledge, the two female patients
described in our cdlinical record represent the first two
reported cases of non-immediate cutaneous hypersensitivity
reaction due to heparins from Australia, in whom fondapar-
inux has been identified as an alternative. The two patients
both share the risk factors for non-immediate cutaneous
hypersensitivity reactions to heparins; namely female sex,
BMI > 35 and prolonged therapy. In summary, considering
these two Australian cases and following a review of the
international literature, cross-reactivity between UFH,
LMWH and heparinoids is common and likely underre-
ported, and fondaparinux is a useful alternative. We
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recommend that in patients who demonstrate non-
immediate cutaneous allergic reactions to heparin or
LMWH, subcutaneous testing with heparinoids and fonda-
parinux should be performed if the patient has access to an
allergy clinic with ability to perform such testing. Impor-
tantly, a negative result should be confirmed with a subse-
quent subcutaneous rechallenge. In the absence of
availability of subcutaneous testing, and if an alternative to
heparin or heparinoids is required imminently, fondapari-
nux can be substituted as it has a very low potential to
cross-react. Closer monitoring for cutaneous reactions after

subcutaneous administration of heparins should be
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Table 2 Overview of test doses of anticoagulants used in our cases and in the literature

Drug tested

Range of doses used (concentration)

Usual prophylactic dose

Intradermal testing UFH
Enoxaparin
Dalteparin
Danaparoid
Fondaparinux
Subcutaneous challenge UFH
Dalteparin
Danaparoid
Fondaparinux

50 units (1:100), 500 units (1:10)
0.2 mg (1:100), 2 mg (1:10)
50 units (1:100), 500 units (1:10)
7.5 units (1:100), 75 units (1:10)
0.025 mg (1:100), 0.25 mg (1:10)
500 units (1:10), 5000 units (neat)
1250 units (neat)
7.5 units, (1:100) 75 units (1:10)
150 units (1:10), 375 units (neat); 1500 units (neat)

5000 units twice daily
20-40 mg once daily
2500-5000 units once daily
750-1500 units twice daily
2.5 mg once daily
5000 units twice daily
2500-5000 units once daily
750-1500 units twice daily
2.5 mg once daily

0.25 mg (1:10), 1.5 mg (neat), 2.5 mg (neat), 5 mg
(neat), 7.5 mg (neat), 10 mg (neat)

Doses used in our cases are in bold. UFH, unfractionated heparin.

performed in those with risk factors of obesity, female sex
and prolonged therapy. Fondaparinux is an anticoagulant
with low allergic potential, likely owing to its fully synthetic
pentasaccharide structure which has fewer potential
epitopes'! compared to the heterogeneous mix of
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