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Abstract We report a case of low-molecular-weight
heparin (LMWH)-induced skin necrosis in a patient
with chronic lymphatic leukemia. The patient had he-
parin-PF4 antibodies and the heparin-induced platelet
activation (HIPA) test was positive, but platelet counts
remained normal. Analysis of seven cases of LMWH-
induced skin necrosis revealed that this complication
occurred mostly in patients previously exposed to he-
parin, and that severe problems such as thrombocyto-
penia or thromboembolic complications were rare. This
is in contrast to skin necrosis induced by unfractionated
heparin (UFH), where a substantially higher number of
patients suffered from thrombocytopenia and throm-
boembolism. In addition, most patients with UFH-in-
duced skin necrosis were not pretreated with heparin.
Therefore, it is possible that LMWH is less immuno-
genic than UFH and requires repeated exposure for in-
duction of skin necrosis.
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Introduction

Low-molecular-weight heparins (LMWH) play an in-
creasingly important role in the prophylaxis and treat-
ment of thromboembolic disorders [26] and have sev-
eral advantages over unfractionated heparin (UFH).
These include a more predictable pharmacokinetic be-
havior, which leads to a greater antithrombotic efficacy
at a lower risk of hemorrhage and a lower risk of he-
parin-induced thrombocytopenia [25] and osteoporosis
after long-term treatment [14]. Skin necrosis is an ex-
tremly rare complication of treatment with UFH [4, 6,
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8, 11, 20, 22, 24, 27, 28] but has also been observed in a
small number of cases after treatment with LMWH [3,
5,12, 15,17, 19].

We report on a patient with heparin-induced skin
necrosis induced by a LMWH. On the basis of the pub-
lished cases of heparin-induced skin necrosis, we com-
pare the clinical and laboratory features of UFH- and
LMWHe-induced skin necrosis.

Materials and methods

Heparin-PF4 antibodies were determined with a commercial
ELISA (Asserachrom STAGO, Asnieres-Sur Seine, France). The
test was performed according to the instructions of the company.
The heparin-induced platelet activation (HIPA) test was per-
formed according to Greinacher [7].

Published reports of heparin-induced skin necrosis were iden-
tified by a literature search using medline and quotations in rele-
vant papers.

To evaluate the statistical significance of differences between
LMWH- and UFH-induced skin necrosis, the chi-square test was
applied. Results were considered significantly different when p
was <0.05.

Case report

A 54-year-old man suffered from B-cell chronic lymphatic leu-
kemia (CLL) stage IV. In 1994 he had been treated with fludara-
bine. Fludarabine treatment was discontinued because he devel-
oped autoimmune hemolytic anemia. He was splenectomized in
1995 because of massive splenomegaly and thrombocytopenia.
Following splenectomy, his platelet count normalized and there
were no signs of autoimmune hemolytic anemia. The patient was
then treated with chlorambucil/prednisone, which was only mod-
erately effective. Since his leukocyte counts were almost 200,000/
wl and the Coombs test was negative, fludarabine was restarted in
1997. This treatment was very effective, with a reduction of the
leukocyte count from 200,000/pl to 30,000/pl after the first cycle.
After this cycle the patient had to be admitted because of high
fever. Since he was bed-ridden, he received low-dose heparin pro-
phylaxis (5000 units Fragmin once daily, subcutaneously). The pa-
tient had been treated with the same and other LMWH prepara-
tions (Enoxaparin, Sandoparin) 2 years earlier. The LMWH was
injected in the outer circumference of the right thigh; 24 h after
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Fig. 1. Skin necrosis surrounded by erythema after subcutaneous
injection of LMWH into the abdominal wall

Table 1 Published cases of LMWH-induced skin necrosis

the first injection an erythema approximately 5 cm in diameter
developed. The erythema increased to 10 cm during the following
days and was slightly painful. The injection site was changed to
the left thigh and no local reaction occurred. On the eighth day of
treatment with LMWH a bluish-black area was detectable at the
center of the erythema on the right thigh. The next day, a central
necrosis of 2x 1.5 cm developed. On this day the patient had al-
ready received another injection into the abdominal wall. Three
hours after this injection he complained of pain at the injection
site, and within the following hours an erythema developed. On
the next day a skin necrosis developed rapidly which was similar
to that on the right thigh (Fig. 1). The injection site on the left
thigh remained normal. LMWH was withdrawn. The lesions were
treated locally, and healing was complete after approximately
2 months. No skin grafting was required.

The test for heparin-PF4-induced antibodies was positive on
day 16 after the first injection of LMWH. The HIPA test was
slightly abnormal at day 16 and day 28 after the first injection of
LMWH. The platelet counts were monitored very closely and
there was no change at all. The levels of protein C, protein S, and
antithrombin were normal, and no anticardiolipin antibodies
were detected.

Discussion

This patient had a typical but very rare complication of
heparin treatment — heparin-induced skin necrosis. Al-
though no prospective studies have been performed,
this complication appears to be extremely rare, since
only a limited number of cases of UFH-induced skin
necrosis and seven cases (including our case) after

Cordoliani Montserrat Ojeda Ballestra Real Lefebvre present
et al. 1987 et al. 1990 et al. 1992 et al. 1994 et al. 1995 et al. 1997 case
Age (years) 54 61 68 87 68 69 54
ex f m f f m f m
Preparation Fraxiparin Dalteparin Fraxiparin Lowli- Dalteparin Enoxaparin ~ Dalteparin
quemin
Indication for prophylaxis  prophylaxis  prophylaxis  prophylaxis DVT prophylaxis  prophylaxis
treatment
Previous exposure to no ? ? yes* yes yes yes
heparin
LMWH UFH iv LMWH LMWH
Day of onset after 10 10 5 7 8 1 8
injection of LMWH
Localization of skin thigh abdominal ? thigh abdominal thigh thigh,
necrosis wall wall abdominal
wall
Antibodies to heparin nd nd nd +(HIPA) nd nd + (HIPA,
ELISA)
Platelet count normal normal normal decreased normal normal normal
Thromboembolic no no no** no no no no
complications
Subsequent therapy UFH UFH iv UFH iv no UFH iv no no
with heparin
Side effects of subse- no no no - no - -
quent heparin therapy
Underlying disease obesity, al- hip re- hip re- myocardial-  bladder- obesity, al- CLL,
coholism placement placement infarction, carcinoma, coholic- ATHA,
anemia, asthma cirrhosis, fever, trans-
transfu- diabetes fusions
sions

* personal communication; ** DVT developed while the patient was on oral coumarine anticoagulation; nd: not done; AIHA, au-

toimmune hemolytic anemia
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Table 2 Comparison of cases

. LMWH UFH
of LMW -versus UFH-in- 3,5, 12, 15, 17, 19] [4, 6, 8, 11, 20, 22,
24,27, 28]

Age median (range) 65.9 (54-87) 58.9 (36-81)
Sex:female :male 4:3 11:4
Indication for heparin therapy 6:1 12:3
prophylaxis : treatment
Previous exposure to heparin 4/5 2/8
Day of onset after starting 7.0 (1-10) 6.7 (3-11)
of heparin treatment (range)
Antibodies to heparin 212 8/8
Thrombocytopenia 17 511
Thromboembolic 0/7 5/15
complications
Subsequent heparin therapy 4/7 6/11
Side effects of subsequent 0/4 4/6

heparin therapy

LMWH have been reported. In addition, a number of
cases of erythematous skin reactions after administra-
tion of UFH [9, 10, 21, 23, 24] and LMWH [9, 10, 13, 18,
21] have been described. In the seven cases of LMWH
skin necrosis (Table 1) the lesion developed after about
1 week of treatment, starting with painful erythema and
progressing within a short time to necrosis. With one
exception [3], there were no systemic complications
such as thrombocytopenia or thromboembolism. Inter-
estingly, we demonstrated heparin-PF4 antibodies in
the ELISA, and the HIPA test in our patient was posi-
tive. These antibodies are typically found in patients
with heparin-induced thrombocytopenia [1] but may
also occur in patients who have received heparin with-
out any complications [2].

We were interested in analyzing and comparing the
features of patients with UFH- and LMWH-induced
skin necrosis (Table2). Patients with UFH- and
LMWH-induced skin necrosis were of similar age, with
a female preponderance, and in most cases heparin was
given prophylactically. There was also no difference in
the time of onset of skin reactions from start of heparin
treatment (approximately 1week in both patient
groups). Antibodies to heparin-PF4 or an abnormal
HIPA test were detected in the two patients with
LMWH-induced skin necrosis in whom these tests were
carried out [3] and in all patients with UFH-induced
skin necrosis [4, 11, 22, 24, 27]. There are three features
in which UFH- and LMWH-induced skin necrosis may
differ: (a) Almost all patients who had skin necrosis aft-
er LMWH had had previous treatment with UFH or
LMWH, while this was the case in only two of eight
patients with UFH skin necrosis. (b) Thrombocytope-
nia seems to be more common in patients with UFH-
induced skin necrosis. (c) Thromboembolic complica-
tions occurred in none of the patients after LMWH
skin necrosis but in five of 15 patients with UFH-
induced skin necrosis. However, all of these differences
are not statistically significant (p>0.05). Further studies
are needed to ensure that there really are differences
between UFH- and LMWH-induced skin necrosis.

The patients with UFH- or LMWH-induced skin ne-
crosis had a variety of underlying diseases or conditions
and various indications for heparin. One explanation
for the development of this obviously antibody-related
complication in our patient may be the fact that he suf-
fered from a disease (CLL) in which autoimmune phe-
nomena are common. It is well known that fludarabine
may trigger the formation of autoantibodies against
blood cells [16]. It can be speculated that the antibody
which is directed against a platelet protein (platelet fac-
tor 4)-heparin complex was a (rare) consequence of flu-
darabine treatment.

Acknowledgements We thank B. Brenner for carrying out the
HIPA test and Dr. A. Weltermann for the statistics.

References

1. Amiral J, Bridey F, Dreyfus M, Vissac AM, Fressinaud E,
Wolf M, Meyer D (1992) Platelet factor 4 complexed to he-
parin is the target for antibodies generated in heparin-in-
duced thrombocytopenia. Thromb Haemost 68:95-96

2. Amiral J, Peynaud-Debayle E, Wolf M, Bridey F, Vissac AM,
Meyer D (1996) Generation of antibodies to heparin-PF4
complexes without thrombocytopenia in patients treated with
unfractionated or low-molecular-weight heparin. Am J He-
matol 52:90-95

3. Balestra B, Quadri P, Demarmels Biasiutti F, Furlan M,
Limmle B (1994) Low-molecular-weight heparin-induced
thrombocytopenia and skin necrosis distant from injection
sites. Eur J Haematol 53:61-63

4. Bredlich RO, Stracke S, Gall H, Proebstle TM (1997) Hepar-
in-induced platelet-aggregation syndrome with skin necrosis
in a patient on chronic haemodialysis. Dtsch Med Wo-
chenschr 122:328-332

5. Cordoliani F, Saiag P, Guillaume JC, Roujeau JC, Wechsler
J, Clerici T, Touraine R (1987) Necroses cutanees etendues
induites par la fraxiparine. Ann Dermatol Venereol
114:1366-1368

6. Fowlie J, Stanton PD, Anderson JR (1990) Heparin-asso-
ciated skin necrosis. Postgrad Med J 66:573-575

7. Greinacher A, Michels I, Kiefel V, Mueller-Eckhardt C
(1991) A rapid and sensitive test for diagnosing heparin-asso-
ciated thrombocytopenia. Thromb Haemost 66:734-736



130

8.

10.

11.

12.

13.
14.

15.

16.

17.

Kelly RA, Gelfand JA, Pincus SH (1981) Cutaneous necrosis
caused by systemically administered heparin. JAMA
246:1582-1583

. Koch P, Schifer H, Bahmer FA (1991) Allergic skin reactions

due to standard and low-molecular weight heparins — good
tolerance of heparin analogues. Z Hautkr 66:428-435

Koch P, Hindi S, Landwehr D (1996) Delayed allergic skin
reactions due to subcutaneous heparin-calcium, enoxaparin-
sodium, pentosan polysulfate and acute skin lesions from sys-
temic sodium-heparin. Contact Dermatitis 34:156-158
Leblanc M, Roy LF, Legault L, Dufresne LR, Morin C,
Thuot C (1994) Severe skin necrosis associated with heparin
in hemodialysis. Nephron 68:133-137

Lefebvre I, Delaporte E, Dejobert Y, Catteau B, Piette F,
Bergoend H (1997) Necroses cutanees a I’enoxaparine locali-
sees sur des zones de lipodystrophie insulinique. Ann Derma-
tol Venereol 124:397-400

Manoharan A (1992) Heparin-induced skin reaction with
low-molecular-weight heparin. Eur J Haematol 48:234
Monreal M, Lafoz E, Olive A, del Rio L, Vedia C (1994)
Comparison of subcutaneous unfractionated heparin with a
low-molecular-weight heparin (Fragmin) in patients with ve-
nous thromboembolism and contraindications to coumarin.
Thromb Haemost 71:7-11

Montserrat I, Lopez D, Zuazu-Jausoro I, Perez M, De Mora-
gas JM, Fontcuberta J (1990) Low-molecular-weight subcuta-
neous heparin-induced skin necrosis. Blood Coag Fibrinol
1:751-752

Myint H, Copplestone JA, Orchard J, Craig V, Curtis D,
Prentice AG, Hamon MD, Oscier DG, Hamblin TJ (1995)
Fludarabine-related autoimmune haemolytic anaemia in pa-
tients with chronic lymphatic leukaemia. Br J Haematol
91:341-344

Ojeda E, Del Carmen Perez M, Mataix R, Arbelo A, Jimenez
S, Campo C, Balda I (1992) Skin necrosis with a low-molecu-
lar-weight heparin. Br J Haematol 82:620

20.

21.

22.

23.

24.
25.

26.
27.
28.

. Phillips JK, Majumdar G, Hunt BJ, Savidge GF (1993) He-

parin-induced skin reaction due to two different preparations
of low-molecular-weight heparin (LMWH). Br J Haematol
84:349-350

. Real E, Grau E, Rubio M, Torrecilla T (1995) Skin necrosis

after subcutaneous low-molecular-weight heparin injection.
Am J Hematol 49:253-254

Rongioletti F, Pisani S, Ciaccio M, Rebora A (1989) Skin ne-
crosis due to intravenous heparin. Dermatologica 178:47-50
Sivakumaran M, Ghosh K, Munks R, Gelsthorpe K, Tan L,
Wood JK (1994) Delayed cutaneous reactions to unfraction-
ated heparin, low-molecular-weight heparin and danaparoid.
Br J Haematol 86:893-894

Stricker H, Lammle B, Furlan M, Sulzer I (1988) Heparin-
dependent in vitro aggregation of normal platelets by plasma
of a patient with heparin-induced skin necrosis: specific diag-
nostic test for a rare side effect. Am J Med 85:721-724
Tuneu A, Moreno A, de Moragas JM (1985) Cutaneous reac-
tions secondary to heparin injections. J] Am Acad Dermatol
12:1072-1077

Warkentin TE (1996) Heparin-induced skin lesions. Br J
Haematol 92:494-497

Warkentin TE, Levine MN, Hirsh J, Horsewood P, Roberts
RS, Gent M, Kelton JG (1995) Heparin-induced thrombocy-
topenia in patients treated with low-molecular-weight heparin
or unfractionated heparin. N Engl J Med 332:1330-1335
Weitz JI (1997) Low-molecular-weight heparins. N Engl J
Med 337:688-698

White PW, Sadd JR, Nensel RE (1979) Thrombotic complica-
tions of heparin therapy. Ann Surg 190:595-608

Yates P, Jones S (1993) Heparin skin necrosis — an important
indicator of potentially fatal heparin hypersensitivity. Clin
Exp Dermatol 18:138-141



