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14.1 Introduction

In recent decades, it has been reported for
numerous medications that their systemic admin-
istration can lead to the development of skin
necrosis and subsequently to ulcerations. Allergic
as well as nonallergic etiologic mechanisms have
been discussed. Most of the relevant pathological
reactions induced by these medications should be
a type of vasculitis or vasculopathy. Although
these reactions often manifest as a rash or other
skin diseases, some medications lead to the for-
mation of skin necrosis and ulcers [9]. Therefore,
in this chapter, an exemplary number of widely
used drugs which had been discussed to be
responsible for the development of skin or muco-
sal necrosis and ulcers should be presented
(Table 14.1).

14.2 Medications

14.2.1 Hydroxyurea
Hydroxyurea, synonym referred as hydroxy-
carbamide, is a hydroxylated urea derivative
which inhibits as an S-phase-specific inhibitor of
ribonucleotide reductase the DNA synthesis. It is
clinically used for the treatment of patients with
chronic myelogenous leukemia, essential throm-
bocythemia, and polycythemia vera.

In a retrospective study, 41 patients were
presented in which a leg ulcer was caused by
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Table 14.1 Overview of the systemic given medications
that may be associated with the development of skin
necroses and ulcerations
Amezinium methylsulfate [25]
Anagrelide [36]

Barbituric acid [32]

Coumarin [13, 31]

Diltiazem [4]

Erythropoietin [16]

Estrogen combinations [40]
Furosemide [39]

Heparin [18, 27]

Hydralazine [24]
Hydroxyurea [2, 14, 41]
Leflunomide [19, 22, 26]
Levamisole [12, 34]
Methotrexate [1, 8]

Nicorandil [3, 30, 45]
Nifedipine [28]

Pentamidine [17]

Pentazocine [7, 35]
Propylthiouracil [20, 21]
Warfarin [5, 15]

hydroxyurea. In these patients with a mean age of
67 years, it came after an average treatment
period of 5 years with hydroxyurea to the onset
of ulceration. In total, 80 % of patients with
ulcers healed after discontinuation of the medica-
tion. Clinically, in most patients, multiple ulcer-
ations in the area of the malleoli could be found
[41]. Comparable data have been presented by
Best et al. in a study of 14 patients [2].
Hydroxyurea is the most widely publicized
medication that is associated with the development
of leg ulcers. It has been described that the first
appearance of this extremely painful ulcerations is
usually 1-10 years after starting treatment with
hydroxyurea [10, 11, 14]. Hydroxyurea-induced
ulcers are manifested in particular symmetrically
in the area of the malleoli, dorsum of the foot, or
heel (Figs. 14.1, 14.2, 14.3, and 14.4). The under-
lying pathogenesis is so far not fully understood. It
was discussed that a graft-versus-host-like reac-
tion with degeneration of the basal keratinocytes
and an epidermodermal gap formation could be
directly related to cytostatic effects of hydroxy-
urea on the basal keratinocytes. In addition, a dis-
turbance of microcirculation by effects on

erythrocytes with decrease in their number,
increase of their mean volume, and thus reduced
deformability has been described [41, 44]. The
atrophie blanche was discussed to be a clinical
indicator for an underlying disturbed microcircu-
lation (Fig. 14.5). Several of these lesions are not
reversible, so that despite discontinuation of ther-
apy in some patients, recurrence of ulcerations can
be found [23].

14.2.2 Anagrelide

Anagrelide is an imidazoquinazoline derivate,
which is used for the treatment of patients with
myeloproliferative diseases such as essential throm-
bocythemia. The inhibitory effect of anagrelide on
human platelets is mediated by formation of a delay
of maturation of megakaryocytes by inhibiting
cyclic AMP phosphodiesterase I1I.

In a case report, our group reported a
38-year-old patient with extremely painful
ulcers with atrophie blanche on both outer
ankles, which occurred 6 weeks after starting
treatment with anagrelide (Figs. 14.6 and 14.7).
Despite an intensified advanced wound therapy,
the wounds were refractory. A complete heal-
ing of the ulcer was achieved after stopping of
the medication. An underlying disturbed micro-
circulation comparable to hydroxyurea effects
was discussed [36].

14.2.3 Coumarins

Coumarins derived from 4-hydroxycoumarin
compounds are well known as drugs with an
inhibitory effect on coagulation. Coumarins have
a structure similar to vitamin K. They are used
clinically as for the treatment and prophylaxis of
thrombosis and embolism. The effect as antico-
agulants is based on the inhibition of plasmatic
coagulation. Coumarins bind instead of vitamin
K to the enzyme vitamin K epoxide reductase,
block it, and thus inhibit competitively the forma-
tion of active clotting factors. The two most com-
monly used in medicine are phenprocoumon
coumarins and warfarin.
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Figs. 14.1,14.2,14.3, and 14.4 Extremely painful ulcerations of the lower legs in different patients after long-term
intake of hydroxyurea

Fig.14.5 Livid erythema
with clinically typical
atrophie blanche in a patient
after many years of taking
hydroxyurea
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Figs.14.6 and 14.7 Patient
who developed 6 weeks after
he starts taking anagrelide
an atrophie blanche

(Fig. 14.6) and shortly later
very painful ulcerations

in the area of both lateral
ankles (Fig. 14.7)

In a case series report, three patients were
described in which it came within 5 days after
initiation of therapy with warfarin to painful,
sharply defined erythema, which ulcerated sec-
ondary. All patients were obese. The authors dis-
cussed the fact that the coexistence and may be
other individual factors are important for the
development of coumarin necrosis [13]. Another
case report described a 67-year-old patient with
the occurrence of leukocytoclastic vasculitis of
the lower limb 4 weeks after he starts coumarin
therapy [42]. Skin necrosis occurred at 0.01-
0.1 % of all patients after taking coumarins. This
necrosis can be observed more frequently in
patients with congenital protein C deficiency or
rarely described association with a deficiency of
protein S [31]. In addition, the affected patients
may be more common in obese women. Skin
necroses usually appear symmetrically on the
chest, abdomen, or buttocks. Besides severe pain,
often petechiae, erythema, and ecchymoses are
the first clinical signs. As the condition pro-
gresses, crusts, hemorrhagic bullae, necrosis, or
ulcer can be observed. As the underlying patho-
physiology at the beginning of therapy with
coumarins, hypercoagulative statuses by the
imbalance of the various anticoagulant mecha-
nisms have been discussed. The resulting

microvascular thrombotic occlusions typically
cause necroses. The first clinical symptoms start
within 1-10 days, usually on day 3-6 [5]. Only in
rare cases, it can also occur even after several
years of the onset of necrosis [15]. The median
age of onset is 54 years; about 75 % are women,
and about 60 % of the necroses are localized at
the legs, breasts, or buttocks [5].

14.2.4 Heparin

Heparin is a mucopolysaccharide polysulfate,
which binds to among others antithrombin III,
causing the inactivation of many coagulation fac-
tors. Thereby, its anticoagulant effects are
enhanced. Heparin preparations are used for the
prophylaxis and treatment of thromboembolic
disorders. The occurrence of purpura with necro-
sis in the injection areas and in other parts of the
body has been reported. As a potential patho-
genic mechanism, a leucocytoclastic vasculitis is
described.

Another pathological reaction is the heparin-
induced thrombocytopenia type II (HIT II),
which may lead to arterial and venous thrombosis
with necrosis. HIT is caused by the formation of
autoantibodies against the heparin platelet factor
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4 (PF4) complexes and occurs in 0.1-2 % of all
patients treated with heparin. After the beginning
of heparin treatment, HIT II usually occurs within
10-14 days. If a heparin treatment has been done
in the previous 100 days, the disease can manifest
itself much more rapidly [18].

In a 66-year-old woman with diabetes and
hemodialysis who received intravenous heparin
during hemodialysis, the occurrences of ulcers
of the lower legs were described [27]. Our group
already described a 38-year-old patient in whom
HIT II led to multiple necroses and ulcers on the
mucous membrane and integument. The painful,
sharply defined necroses with inflammatory sur-
roundings were not localized at the injection
sites [18].

14.2.5 Methotrexate

Methotrexate (MTX) is an analog of folic acid
and competitively inhibits dihydrofolate reduc-
tase. As an antimetabolite, it inhibits DNA and
RNA synthesis. The drug is dosed higher in
oncologic patients as part of chemotherapy.
Lower doses are widely used in the treatment of
patients with rheumatoid arthritis or psoriasis
vulgaris.

In the literature, a 39-year-old woman with
non-Hodgkin’s lymphoma was described. Two
months after starting a therapy with 15 mg MTX
once weekly, painless ulcerations on the malleoli
appeared. One year ago, similar ulcerations occur
after a combination therapy with 7.5 mg MTX
and indomethacin was initiated. After discontin-
uation of the therapy within 2 months, the ulcers
healed completely [8]. The occurrence of gener-
alized erosions and ulcerations of psoriatic
plaques was described in a case series report in
47 patients. As a risk factor, the co-medication
with NSAIDs has been described [33].

14.2.6 Leflunomide

Leflunomide is a drug from the group of immu-
nosuppressants, which is used as a therapy for
patients with rheumatoid arthritis and psoriasis.

The active metabolite of leflunomide, A771726,
inhibits the enzyme dihydroorotate dehydroge-
nase, a key enzyme for de novo biosynthesis of
pyromidine [38].

Our group described a 68-year-old woman
with rheumatoid arthritis who developed ulcers
during treatment with leflunomide. The patient
described 3 months after starting treatment with
leflunomide the appearance of a purpura which
ulcerated in the following days. As the result of a
vasculitis, an extremely painful, sharply demar-
cated ulceration with livid edges above the right
malleolus occurs [19, 26]. Another case report
described a 78-year-old woman with rheumatoid
arthritis and ulcers, which appear 6 months after
starting treatment with leflunomide. It was dis-
cussed that a direct toxic effect of leflunomide on
epidermal cells could be relevant, since lefluno-
mide blocked in vitro, for example, epidermal
growth factors [29]. In another case report, a
63-year-old patient who had suffered for 14 years
from rheumatoid arthritis developed 10 months
after initiation of leflunomide treatment on both
lower legs spontaneously ulcerations. Neither
serological nor histological signs for an underly-
ing vasculitis could be found. After discontinua-
tion of leflunomide therapy, the ulcers healed
after 8 months [22].

14.2.7 Hydralazine

Hydralazine is a derivative of phthalazine. In
some countries, it is used therapeutically as
hydralazine hydrochloride in combination, for
example, with atenolol or metoprolol and hydro-
chlorothiazide or for the treatment of essential
hypertension.

In a 50-year-old man, very painful ulcers on
the Achilles tendon were described after the
intake of hydralazine for 3 years. The histology
showed newly occurred autoantibodies compara-
ble to the first manifestation of systemic lupus
erythematosus. The authors discussed the occur-
rence of the ulcer as a manifestation of a
drug-induced lupus erythematosus. After discon-
tinuation of hydralazine, the ulcer healed ulcers
quickly and completely [24].
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14.2.8 Amezinium Methylsulfate

Amezinium methylsulfate is an indirect
a-sympathomimetic which is used therapeuti-
cally in patients with essential and symptomatic
hypotension. Amezinium methylsulfate inhibits
the intra-dimensional monoamine oxidase, thus
causing decreased norepinephrine degradation.
Furthermore, it inhibits norepinephrine reuptake
in the sympathetic neuron. Through these mecha-
nisms, the noradrenalin amount increases in the
peripheral receptors. This leads to vasoconstric-
tion and the blood pressure rises.

A case report described a 52-year-old patient,
who suffered for 22 years from a chronic glo-
merulonephritis, had hemodialysis, and had
already developed a generalized vascular calcifi-
cation. One year after starting treatment with
amezinium methylsulfate, he developed painful
leg ulcers which were refractory to different
treatments for over 7 months. After discontinua-
tion of the drug, the ulcers healed within a few
weeks. The authors discussed that the vasocon-
strictive effects of the drug can be an important
cause for the ulceration [25].

14.2.9 Diltiazem

Diltiazem belongs to the group of calcium antag-
onists. The drug is used as diltiazem hydrochlo-
ride in patients with coronary heart disease or
angina pectoris. As an antiarrhythmic drug for
the treatment of cardiac arrhythmias, diltiazem
can be used preventively against paroxysmal
supraventricular tachycardia and in patients with-
out Wolff-Parkinson-White (WPW) syndrome in
slowing the heart rate in atrial fibrillation and
atrial flutter. Another application of diltiazem is
the treatment of arterial hypertension.

In a 59-year-old man with leg edema, livid
erythema and ulceration of both lower legs as a
result of a cutaneous vasculitis arise 2 months
after starting a therapy with diltiazem. After dis-
continuation of the drug, the ulcerations healed
completely after 3 months of therapy [4].

14.2.10 Propylthiouracil

The thiouracils are thioureylene that belong to
the family of thioamides. Propylthiouracil inhib-

its the intrathyroidal peroxidase system.
Therefore, it is used as a thyroid drug in patients
with hyperthyroidism.

The intake of propylthiouracil over a period of
13 years for the treatment of Graves’ disease was
described in a 26-year-old woman. After increas-
ing the dose to 50 mg/day, she developed 2 months
later livid erythema and painful ulcers of both
lower legs. Five months after discontinuation of
propylthiouracil, the wounds healed. After retak-
ing the medication, it came after a period of only
5 days to a relapse [21]. In another case report, a
27-year-old man with Graves’ disease was
described. Two years after beginning a therapy
with propylthiouracil, it came to the occurrence of
very painful ulcers on both lower legs. These
ulcers developed from erythematous plaques with
pustules, were sharply demarcated, and showed
bizarre configured wound edges. A pyoderma
gangrenosum was diagnosed, and a causal rela-
tionship with the medication was discussed. After
discontinuation of propylthiouracil therapy and
initiation of treatment with prednisolone and
cyclosporin A, the ulcerations healed after
1 month [20]. Moreover, there are several case
reports on the occurrence of intraoral ulceration
after administration of propylthiouracil [43].

14.2.11 Nicorandil

Nicorandil is a nicotinamide nitrate ester, which is
used for the treatment of patients with angina pec-
toris. The substance has the characteristics of
nitrates but acts in addition as an activator of ATP-
dependent potassium channels. The opening of
potassium channels leads to hyperpolarization of
the cell membrane and to a decrease in intracellu-
lar calcium. This causes relaxation of smooth mus-
cle cells and vasodilation. Nicorandil is a peripheral
and coronary vasodilator, lowers systolic blood
pressure, and increases heart rate reflex.
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A 73-year-old woman took nicorandil twice
daily for 2 years, until for the first time leg ulcers
over her Achilles tendon occurred. At the same
time, there was also an onset of perianal ulcerations.
After discontinuation of nicorandil, all ulcers healed
after 5 months [30]. The occurrence of ulcers
located intraorally or on the penis and perianal
region is a well-documented side effect when taking
nicorandil [3, 45]. For example, in a case series of
10 patients in an average of 26.6 months after start-
ing a therapy with nicorandil, it came to the occur-
rence of ulcers. After discontinuation of the drug,
the ulceration healed after 12 weeks (median) [6].

14.2.12 Levamisole

Levamisole is the levo-isomer of tetramisole and
belongs to the group of imidazothiazole. It is an
antihelmintic agent which is clinically employed
as an immunomodulating drug in particular in the
treatment of children with nephrotic syndrome.
In addition, levamisole is also used for the adju-
vant treatment of patients with colon carcinoma.

In a 67-year-old woman with rheumatoid
arthritis, already healed venous leg ulcers were
described. After she starts taking levamisole, the
leg ulcer recurred. At the same time, livid ery-
thema on the arms and intraoral ulcerations
occurred. After discontinuation of the drug, all
ulcers healed within 1 month completely [12]. In
another case report, an 11-year-old boy with het-
erozygous factor V Leiden mutation and
nephrotic syndrome developed leg ulcers after he
had already taken for the last 3 years levamisole.
Furthermore, at the same time, livid erythema
and ulcers on the forearms, hands, and ears could
be observed. After discontinuation of levamisole
and initiation of therapy with cyclophosphamide,
the ulcerations healed after about 4 weeks [34].
The occurrence of lesions in the form of purpura
and/or lichenoid papules 12—44 months after ini-
tiation of systemic therapy with levamisole has
been repeatedly described in particular on the
ears. Although the underlying pathogenic
mechanism is unclear, a potential connection

between the levamisole intake and an infection
was discussed. In some patients, the formation of
autoantibodies such as Antineutrophil cytoplas-
mic antibodies (ANCA) and lupus anticoagulant
with an immune complex vasculitis or an occlu-
sive vasculopathy could be shown [37].

14.2.13 Pentazocine

Pentazocine is a benzomorphan derivative from the
group of opioids which are used as highly potent
analgesic drugs. It is not only a strong analgesic but
also a sedative and respiratory depressant.

In an article, a total of 10 patients with ulcers
were described after taking pentazocine. There
were 4 men and 6 women aged between 20 and
43 years. Prior to the first occurrence of the
ulcers, the patient had been taking pentazocine
10 days to 7 years. Most of the patients had mul-
tiple ulcerations on the extremities [35]. In a
55-year-old man, chronic ulcers over both shins
were described after taking pentazocine [7].

Conclusion
The pathophysiological relevance of the sys-
temic intake of medication on the onset of
necrosis or ulcers of the skin is not always
clear. For most of the medications, there exist
only a few case reports which describe an
association with skin necrosis or ulcerations.
Several of these patients took multiple medi-
cations and suffered from various underlying
diseases that could potentially also cause
ulcers. Necrosis and ulcers from the intake of
medications are therefore usually a diagnosis
of exclusion that can be discussed because of
a temporal relationship. An exception with
greater case report series is medications that
contain the drug hydroxyurea or coumarins.
In summary, it is important that all thera-
pists recognize medications as a rare but
potentially relevant factor for skin necrosis or
ulcers. If this correlation is not recognized
early, this can lead to severe and prolonged
problems for the patients.
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